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Ubiquity and longevity of NOS

R Helping students develop informed conceptions of
nature of science (NOS): A ubiquitous, long-
standing, consistent, and central goal for precollege
science education reform efforts in the US and

around the globe past and present

(e.g., AAAS, 1971, 1990; Curriculum Council [Western Australia],
1998; Millar & Osborne, 1998; Ministry of Education [Venezuela],
1990; Ministry of Education [Taiwan], 1999; Ministry of National
Education [Turkey], 2000; NRC, 1996, 2000; Next Generation Science
Standards, ~2012; NSTA, 1982; Pan-Canadian Science Project, 1997;
Rutherford, 1964; Wilson, 1954)



An elusive goal

R Research consistently indicates that the larger
majority of precollege students and science teachers

continue to ascribe to naive NOS conceptions

R Findings consistent irrespective of how NOS is
conceptualized and assessed at the time specific

research studies were undertaken

(e.g., Abd-El-Khalick & Lederman, 2000; Carey & Stauss, 1968 ; Dogan
& Abd-El-Khalick 2008; Lederman, 1992, 2007; Kang, Scharmann, &
Noh 2005; Kimball, 1967-68; Rubba & Anderson 1978; Trent, 1965)



Using history to teach about NOS

&R During the past 85 years, historians of science and
science educators have repeatedly and consistently
argued that history of science (HOS) can play a
significant role in helping precollege students and
science teachers develop informed NOS conceptions

(Conant, 1947; Brush, 1989; Duschl, 1990; Haywood, 1927; Klopfer &
Watson, 1957; Matthews, 1994; Monk & Osborne, 1997; O’Brien &
Korth, 1991; Robinson, 1969; Rutherford, 1964; Scheffler, 1973;
Wandersee, 1992)



What not to ask

& Should HOS be used to impact learners’
understandings of NOS?

3 HOS is the ‘stuff’” of NOS

3 Without HOS, teaching about NOS could be
reduced into a set of de-contextualized platitudes

@ Can HOS impact learners’” understandings of
NOS?

3 Graduate students in HOS surely would develop
sophisticated understandings of NOS



What to ask

R Whether and how HOS can be used in the context of
the realities of precollege science classrooms and/ or
science teacher education programs to impact
learners’ conceptions of NOS?

3 Highly regulated teacher education programs with
overly extended agendas

3 Increasingly test-burdened precollege science

classrooms with high-stakes consequences (e.g.,
NCLB, Race to the Top)



What to ask

@ How much HOS is enough in terms of developing
science teachers’ understandings of NOS? Or
enabling them to teach with and about NOS in their
classrooms?

R How can we optimize the impact of HOS courses on

teachers’ understandings and teaching related to
NOS?

@ What pedagogical approach(es) are likely to
optimize the impact of HOS on helping precollege
students develop informed or more sophisticated
understandings of NOS?



E.g., Impact of HOS courses

R Even though they date back to the mid 1950s, as late
as 2000, no systematic empirical studies in science
education examined the much-advocated and
assumed influence of college level HOS courses on
college students’” and science teachers” NOS views

R The assumed impact was very limited and mediated

by a set of instructional factors
(Abd-El-Khalick, 1998; Abd-El-Khalick & Lederman, 2000)



Explicit-reflective NOS instruction

R The label “explicit” does not to refer to any variety of
direct or didactic instruction; has no instructional
implications

R “Explicit” has curricular implications: Inclusion of
specific NOS learning outcomes in any instructional
sequence aimed at developing NOS understandings
3 The goal of enhancing learners’ conceptions of NOS

“should be planned for instead of being anticipated as a side

effect or secondary product of” engagement with science
learning (Akindehin, 1988, p. 73)



Explicit-reflective NOS instruction

R “Reflective” has instructional implications

@3 Inclusion of structured opportunities to help learners
examine their science learning experiences from
within an epistemological framework

3 E.g., reflection on questions about the development
and validation, as well as the characteristics of,
scientific knowledge



Explicit-reflective NOS instruction

&R The inclusion of specific NOS learning outcomes in
curriculum and instructional materials does not
entail a specific instructional approach

& Approach depends on the outcomes; learner abilities,
characteristics, aptitudes, and skills; available
resources; etc.

R Strong preference for active, student-centered,
collaborative, and inquiry-oriented approaches



Evidence for impact

R Interventions that draw on, and/or are embedded
within
3 Rich historical case studies (e.g., Howe & Rudge, 2005)

@38 Authentic scientific internships (e.g., Bell, Crawford, et al.,
2003)

3 Inquiry—based contexts (e.g., Yacoubian & BouJaoude, 2010)
3 Argumentation (e.g., McDonald, 2010), and
3 Meta-cognitive instruction (e.g., Peters & Kitsantas, 2010)



Using history to teach about NOS

R HOS has been taken to task in the bid to impact
precollege students” conceptions of NOS more than
40 years ago

R Part of a large scale national effort that involved
thousands of teachers and tens of thousands of
precollege students



. The Project Physics Course Reader 1

Concepts of Motion

(Harvard) Project Physics Course (~ 1962 - 1972); Texts (1970, 1971, 1975, 1981)
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(Harvard) Project Physics Course

®R “A national curriculum improvement project, which was
funded by the U.S. Office of Education, the National
Science Foundation”

R “Includes aspects of the philosophy and history of science
that put the development of the major ideas of physics into
a humanistic and social context”
(Holton, Rutherford, & Watson 1971, p. 1)



II.n-in_q satid this, Joy
was hasic
abouy
thoug
th

le got b
ally a Practical mg
& deeper philosophic
h using speculative
* total amount of ened
A year before Joule's
a German physician, hy
of energy Mayer hag o
had obsepyved body p
had also useq other sci
Properties of air 1o cale
Mayer obtained aboiy
Mayer had been infly
school now known as 3
This school flourished
nineteenth centuries. A
varfous phenomena ang
electricity, and magneti
another but are all m;
natural force, This phild
searching for that und,
different kinds of foreed
The most influential
Philosophers were Johy
von Schelling. Neither
Goethe is generally co
dramatist, while Schel]
philosopher. Both me
German scientists edud
century. The Nature P
the Romantic movem
Homantics protested

ack 10 his work In the
" who had litthe time 1o speculaty

al meEaning of his findings, gy ot
ATEUMENLS, were 3iso concluding thy

laboratory, |

Julius Robert von Mayer (1814-
1878) was one of the first 1o realize
that heat is a form of v, He
worked out the mechanical equiva-
lent of hear,

mechanical world viev
of natural phenomena
hopes, could be unded
particles. .
The Nature Phn!m,::J
understood as it n:
complicated "miﬂﬂ?l
and intuitions, For G
{ may detect the inmd
ts course.”
i h
Although its "“.p. 4
of Na(urphr'rawp-‘lu. 1]

T 1]
Friedrich von Schelling (17 75184

A scene from the Bayeux tapastry
which was embroidered about 1070
The bright comet of 1065 can be seen
1 the top of e figure This comet
wirs. later identfied &5 boing Hadey's
comel. At the right, Harald. pretondes
ta the thrane of England, is warned
hat the comel s an ill omen. Later
that year at the Batthe ol Hastegs.
Harcéd was defested By Willam he
Congutroy

the
One of b Bt oo
i il ie Jers
-\nfllrpﬂ‘l)fﬂm connection Mu':::‘ll':
prided A ¢ and magnetism (see Ui
mmma 111, See alsa Unit 2 Ept
4, Sec. 14,110

logue.

d predicted values reasonably close 1o the observed values available
Bt tme. He even predicied some detalls of the motion which had not
MmTh:rTm[d the variations of gravity at different latitudes m."
b ing and bulging earth. He noted differences in the rated 1t which
dimss swing at different latitudes. From these data, be derived an
i ape for the earth.

'] ,].;s;:mun created & whole new quantitative approach to the

uNIT 3 | THE TRIMP

: sations bad
B of astronomical motion. Because some of hsﬂ]w‘%xledn;":mn{md :,,
built. These

fleen observed, improved instruments were

Mn:]s wl:wh had been ﬁu;d w?dat;r:::::;‘::v:«
paretical problems also clamo : 23

e m:he predicted and observed influences mxgmm

md“hﬂ ‘:::‘upnn their motions? .\lthnug.h :Tgl:.l:::uu 4

1 the sun and are very far apart, their

 und it precisely one-half of the former. Next we tried other
 distances, comparing {

Galile
. "'Itll'u.\h 3
Van Indjy,
recy sy

MENLS involyip,

L 8 ra i)

g movip |E; eCurate, Galjly,, dw:id({d :E: :ml-ﬁ“bl}l

hypathesig Ifa fre h}{;‘:'-“ Fapidly, o PrOposed 5 o est an
L ! &, iy 2 Mgk S
A perfect)y, round 6 body hag CONStant yegpfr, -
Plane ywi)f ilso h-“in;: ::::‘:5 dmh perfectly srmm}:’r:::;;::mn
- Rl Stant, thoy " s
Thus, Galije,, claimed thy, g i [Et':"‘l‘laﬁar acceleratio,
ly from rest 5 constan) fg

*81, this ratig y
for & baj) ol io will

" a body fa)liy
also be Consta; o 8
ng fi E ; nt, althougt, 5
Here i huw‘ia;\:"::;i r:;:;““;:; R SHrght incling I"L'i:,_ Maller,
in Two New Scienpes; salileo’s own ey

Perimenta) test
A plece of.wo@nn moulding or Scantling, abgyy
p .; r;;:: Wide, and thype finger-breadhg thick

[ Was cut a chanpe) a little :
breadth; haviny -
Polished, ang

12 cubits long
< Was Lakery,;
than gne finger in
BhL. smoath, ang

el noting, in a manner Presently 1o be describad, the
fime required 1o make the desceny We repeated this
*tperiment more than once In arder 1o measurs the time with
0 acturacy such that the deviation between two observations
never exceeded one-tenth of a pulse beat, Having performed
This operation and having assured ourselyes of jts reliability, we
fow rolled the ball only one-gquarter of the length of the
thannel; and having measured the time of its descent, we

he time for the whale length with that
dox the half. or with that for two-thirds, or three-fourths, or

Indoed for any fraction: in such experiments, repeated a full

ful deserpy

® EXPerimen,
in the Handboy
salilen’s oy

This Petire, painted i 1841 by ;.
Bezzunt attemps 1 reCOnstcy
an experiment Galiteg i alleged

1o have made during his time i

lecturer af pigy, O t0 the loft ang
ns_hi e men of ilf will: the blass
nee Glavinni de M |

vented by the Jm'm:‘:u b s,
ablel and Gafilea’s sctentific oppa.
nents. These were leading men o
the universities; they are shown
here bending over 4 hook of Aris-
totle, in which it is written in bilack
and white that bodies of unequal
weight fall with diferent speeds
Galitea, the tallesy figure left of
center in the picture, is sur-
rounded by a group of students

and followers.




Thomas Alyg g
Born &t Milan o

o (1847-1551) o0
of I

and
i Hy

* Bayhood gy pg,
900, Hig firgy
:ﬂl}l'ﬂg:

his

Dent mosy
ron

Mic

OVE wig
Y. 800 to pgr
Chemical “xputim
his own b

N money for

oNts. ha sap up
Businesy NleDrises Batom
e was littegn he ran twy Slores in
Por Hurgn one lor Pericdicals any
Snelablag hireg 5

BEll papars on thy
Fweay unning bet
d Detroit: pupj
Weakly newspaper- ang
chemica labaorate,
<ar of the train, Hj
Was growing rapi
a stick of phosph,
fory
of tn

Grang
wWeen Pon
ished o

Huron an

Y in the baggage
I financial Empire
dly when, (n 1852
Orus i his labaore:
caught firo ang destroyed pary
® baggage car. As a resuly his
laboratory ang Newspaper equipmen;
were evicted from the train, and hy
had 1o ook for another base of
oparations

It was not long betore his bad
luek with the phosphorus was offset
by & pisce of good luck: he was able
10 save the lito of the son of the
station agent by pulling him out of
the path of an oncoming train. in
Qralitude, the station agent taught
Edison the art of tolegraphy, and
thus began Edison's career in
elactricity

At the right are shown two
portraits of Edison. On :h-_uppﬁanu
Page Is & copy of the drawing that
accompanied his patent on the
Incandescent lamp. The labeled DII:;
are the carbon filament (a). thicken:
onds of filament (c). platinum wires
(d), clamp (), leading wires “‘Jm
coppor wires (o), tube to vacuu
pump (m)

i -themisiljr could not answer all questions abouy
Yuestions could only be answered by physics,
_t\idence fecumulated jn the nineteenth century and jn
ears of the twentigth Century made it possihle o
1 S not only for the atomic structure of matter but
ST siructure of the atom Itself. This evidence will be
I Chapters 18 and 19. You will see how this physical
buired a revision of the laws upan which all physical
W Were based thus far, when theses laws were applied
Pinomena.
B3 deals with the trium

phs of two theories belonging
Biphisics. These theories grew logically from the
linderstand th

€ structure of the atom. At the same
il begin to see that these new theories, too, are still
1o deal with the newest discoveries.

abumrm_\- of the cigh-
1




ISk

R Research on the PPC impact featured rigorous large-
scale quasi-experimental studies

R A total of 17 significant positive ditferences favoring
PPC were identified

R However, “no significant differences were found on the .

.. Test on Understanding Science [TOUS]”
(Welch, 1973, p. 374)



Leopold E. Klopfer’s
History of Science
Cases (HOSC) for
High Schools

“The inclusion of history of
science in science teaching
must be planned as carefully
as the use of any other
instructional materials”
(Klopfer, 1969, p. 92)
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TO THE TEACHER

In the present-day world it is essential that our
students, the citizens of tomorrow, attain a clear and
realistic understanding of the nature of the scientific
enterprise, of the aims and processes of science, and of
the people who are scientists. The HISTORY OF SCI-
ENCE CASES (HOSC) have been prepared to provide
you, the science teacher, with a means of guiding your
students toward a better understanding of science and
scientists.

Understanding Through Case Studies

In the HOSC unit that you are about to teach,
this understanding is developed through a critical study
of the major events leading to the formulation of the
cell theory. As your students look over the shoulders
scientists engaged in creating science, they will
(and participate in) the struggle to make p#
observations, the difficulties and danggs
interpreting observations, and the gp
neous notions through further g
the chain of reasoning, oftep
broad statement of a thy

tricate, that connects the
with hypotheses susceptible

Although students studying The Cells of Life
case will find that it has a good deal of science content,
they should be made aware from the beginning that the
case is not primarily a vehicle for learning science sub-
ject matter, They certainly ought to learn some biology
from it (see Sections A and B under “Objectives for
This Unit," found on page 10 of this guide), but the
primary purpose of the HOSC units—to teach abour
science and scientists—should remain permanently in
the foreground. (The particular ideas concerning science
and scientists that are illustrated in The Cells of Life
are listed in Section C of the objectives.)

In the final analysis the goal of the HOSC units
is a greater sensitivity on the part of students to the
manner in which scientists work and think, If, through
the study of one or more cases, students become more
alert to certain ideas about science and scientists, they
will then look for these and other ideas in their further
science readings and in their everyday sources of infor-
mation. The ultimate goal is that an understanding of
science and of scientists will become a functional part
of the lives of the students who study these cases. Such
an understanding will prove useful to all students in
the years to come. For tomorrow's world will require
that all citizens—not scientists alone—have an under-
standing of science.

Materials and Teaching Procedures

Although there is a variety of ways of g
this case to your class, the suggestions of

pete iz the narrative that appears
pefed pages of the student case book-
is narrative—which tells the story of

petflive, the students usually will be able to discover these
important ideas through thoughtful consideration of the
al comments and questions to the left of the
narrative.
Some of the marginal lend th |

to individual and group assignments of supplementary
reports based on suitable reference books. Marginal
questions, in more detailed form, have been repeated on
the page to the right of the narrative, and space has
been provided there for students to write their answers.
To assure consideration of the important points raised
in these questions, it is good procedure to have students
write out their as k assig) They
should do so either directly in their case booklets or on
separate sheets of paper. However, since the questions
in the case booklet are not to be regarded as standard
workbook questions, they should not be graded as
workbook materials would be. Many of the questions do
not have specific answers; and even when definite
answers exist, they seldom are explicit in the ftext.
Rather, the questions may be considered as starting
points for the processes of discussion, of thinking
through problems, of seeking out additional ideas and
information, and of personal observation.

Some teachers may wish to give grades for day-
to-day assignments of questions, This, of course, can be
done. A check of a student’s daily work, however, may
better help the teacher evaluate the student’s progress
und his need for help in thinking, researching, and
observing in new areas.

The experiments, which also appear on many
right-hand pages of the case booklet, are an essential
part of this HOSC unit. As many as possible of the
suggested experiments, as well as other pertinent ones
that the teacher may know of, should be carriad out at
appropriate points in this study of the case. The addi-
tional activities (pages 28-32) in the case booklet sug-
gest appropriate extensions of certain points that are
covered in the unit.

“Although students studying
The Cells of Life case will find
that it has a good deal of
science content, they should be
made aware from the beginning
that the case is not primarily a
vehicle for learning science
subject matter . . . but the
primary purpose of the HOSC
units — to teach about science
and scientists — should remain
permanently in the

foreground”

(Klopfer, 1964, p. 6




OBJECTIVES FOR THIS UNIT

A.  After studying this unit, students should have basic
factual knowledge about the following,
1) The work of Hooke on cells: his observation
of cork under a microscope; his application of the
name cells to the pores he saw there; his use of the
idea of cells to expluin the propertics of cork and
of piths,

1) Instruments are used by scientists

3) A scientist’s ob-cznrauuns and i interpretations are
i and b

2) In general, the contributions of mi i
in the century that followed Hooke's work, wlﬂl

d by his p an:
4) A scientific theory Yis a broad s:ncralmd
N

particular emphasis on the work of L
who first described one-celled plants and animals.

3) The contributions of Robert Brown in this
arca: his discovery and naming of the nucleus in
plant cells.

4) The contributions of Schleiden: his definition
of a cell as including & nucleus and a cell wall; his
investigation of plant cells to determine their ori-
gin; his proposal that new eells grow from the
nucleus.

or group of that éxp a
scieMgt’s views about some portion of the natural
unive: A theory serves to correlate and explain
ena within its scope and should be
ting new scientific research,

asoning, nl’rcn invo]ving many

sound scientific works, even
s are relatively crude.

5) The ¢ ions of Sch his
investigation of frog larvac cclls and other animal
cells; his demonstration that certain animal tissues
have structures that correspond to plant cells, as
Schiciden had defined plant cells; his proposal and
testing of the theory that “cells are the basic unit
of all life.”
6) Those notions of Schieiden and Schwann that
were incorrect and were subsequently corrected;
particularly those corrected by Virchow's “omnis
cellula e cellula” and by the knowledge that the cell
wall is not a distinctive characteristic of all cells,
T) The structure of cells and the function of cell
parts.
8) The phases of cell division (if Activity 4 is
studied).
B. After studying this unit, students should under-
stand the following concepts and principles (see
note at bottom of Column 2),
1) The organism is an organization of cells.
2) Cells arise, grow, and develop through a dis-
tinctive life cycle,
3) Similarities and differences exist between plant
cells and animal cells.
4) Cells come only from existing cclls.
C. After studying this unit, students should under-

stand the following ideas concerning science and scien-
tists.

T) The choice of materials for from the
great varicty available often influences Wgat will be
inferred from experiments and observations)
8) A proposed theory may be fruitful ofN\gew
experimental activity, even though the theory )
later found to be i incorrect.
9) Free ion among scientists is the
lifeblood of science. Scientists communicate with
one another through meetings, journals, books,
and personal correspondence.
10) Scientific societies are the professional organ-
izations of scientists. Their main functions are to
sponsor meetings, publish journals and books, estab-
lish Ingh standards of pclfnrmﬂnu:. and provide a
pre *“*home" for sci
11) Science is an international activity.
12) Scientists are human beings with certain
well-developed abilities and some special training.
They vary widely in their personal characteristics.
13) Science is different from applied science or
technology.

Note: By “understand™ we mean that the stu-
dents should be able to do more than simply parrot
back the statement of a principle, concept, or idea.
They should understand it well enough to make an
application of the principle or to seek out an example of
the idca in a novel situation, such as they might face on
the unit test for this case.

“3) A scientist’s observations

and interpretations are
influenced by his perceptions
and background”

“4) A scientific theory . . .
serves to correlate and explain
many phenomena within its
scope and should be fruitful in

stimulating new scientific
research”

(Klopfer, 1964, p. 10)



The Teacher and the Teacher's Guide

Class discussion—perhaps the most important
factor in the study of this HOSC unit—cannot be
included in the student booklet. The teacher must see
that this essential factor is supplied. The objectives of
the HOSC units can be achieved only through the
kinds of exposition and synthesis that come about in
well-led, intensive, daily classroom discussions. In
these discussions the instructor should delineate the
period of history in which the case takes place and

OBJECTIVES OF THE UNIT

Listed below are the objectives of Frogs and
Batseries. These objectives can be divided into three
somewhat overlapping categories: factual knowledge
(the “A™ objectives), subject-matter concepts (the
“B" objectives). and ideas about the nature of science
and the work of scientists (the “C™ objectives).

A, After studying this unit, students should have
acquired basic factual knowledge about the following:
1.  Contribution of the Leyden jar, devised by
Pieter van Musschenbroek, to electrical experi-
mentation.
2.  Work of Robert Whytt—his observations of
contractions in muscles of freshly killed frogs
i ed with a sharp ohject.
3.  Work of Galvani— his accidental discovery
of muscular contraction in prepared frog legs; his
extensive follow-up investigation of the phenom-
enon.
4. Galvani‘s explanation of muscular contrac-
tion,
5. Work of Volta—his repetition of Galvani's
experiments; his formulation of a rival theoretical
explanation of muscular contraction: his inven-
tion of the bimetallic battery.
6. Vola's explanation of muscular contraction.
7. Giovanni Aldini’s experiments without met-
als,
8. Resolution of the controversy over Gal-
vani’s and Volta's rival explanations of muscu-
far contraction.
9 rhme types of muscle tissues.

B. After studying this unit, students should under-
stand the following concepts and principles (see
note):

supply some of the background information that the
students may lack. It is important that the students
recognize the intellectual framework within which
eighteenth century scientists worked.

The “Commentary and Teaching Suggestions”
section of this guide is useful in developing effective
class discussion. This scction includes a general com-
mentary on the unit, answers and specific comments
on questions in the student booklet, notes on student

activities, and references to sources of further back-

ground information.

1. Muscular contractions are stim
trically.

2. Owr senses can be stimulated
3. Nerves act as conductors J
rents,

d they must be followed up.
observ.;tion-. and imcrprcra-

nsl experiments interact in scientific
tion is needed to provide hypothe-
ses andgflan experiments to test them.

4. Yew observations may have a trigger effect:
theyfoflen lead to a series of new hypotheses and
experiments and a revision of established

5. A controversy over rival theories is re-
solved, ideally, by an appeal to experimentation
and observation. However, the outcome of a
controversy can also be affected by the person-
alities and personal ses of the scientists in-
volved and by the impact of dramatic demon-
strations. Scientists sometimes ignore facts that
do not fit into a proposed theory.

6.  Scientists change experim
order to isolate essential ©
7. Scientific societies fa
munication, support research, establish sta
of terminology and measurement, set standards
of excellence in research, and act as a pro-
fessional “home™ for scientists.

8.  Science is a unified ficld of study, and its
various branches are interrelated.

tal variables in

“5. A controversy over rival
theories is resolved, ideally, by
an appeal to experimentation.
Howeuver, the outcome of a
controversy can also be affected
by the personalities and
personal biases of the scientist

involved

Scientists

sometimes ignore facts that do
not fit into a proposed theory”

(Klopfe

1966, p. 9)




Together, the suggested experiments and activi-
ties are designed to provide students with an oppor-
tunity to develop a variety of abilities and skills. The
instructor will need to determine from his own situation
which experiments and activities are best carried out by
all students and which are best done as special projects
by some students only,

With due gnition of the y regard-
ing the superiority of experiments over demonstrations,
or vice versa, it does seem that for maximum success in
acl ng the objectives of this HOSC unit it is most
important for students to get a feeling for the kinds of
problems the scientists in the case were wrestling with.
This is surely accomplished most effectively by having
students “get their hands dirty” with experiments simi-
lar to the ones actually done by participants in the case.
Ideally, every student should have a chance to carry out
and observe for himself some of the experiments.

The Teacher and the Teacher's Guide

What is perhaps the single most important
factor in the study of this HOSC unit is not found in the
student case booklet. Instead, the opportunity to supply

this factor, which is essential to success, has been re-
served for the teacher. The objectives of HOSC can be
effectively achieved only ugh the kinds of bringing
out and bringing together thal i

the case takes place and to supply some of the
ground facts and idcas that the students may lack.
In developing effective class discussions and,
through them, the improved understanding of science
and scientists that students can gain from this casc, the
instructor will find much help in the “Commentary and
Teaching Suggestions” section of this guide. Presented
there are general commentary related to the unit,
answers and specific commentary related to questions
from the student case booklet, notes on student activi-
tics and experiments, and references to sources of fur-
ther background information.

While this guide can supply materials and ideas
not otherwise quickly accessible and can give some sug-
gestions for their use, in the long run it is the teacher
himself who must make the major decisions as to how
these materials can be most effectively used in his class-
room to attain the goals of the HOSC units.

“The objectives of HOSC can
be effectively achieved only
through the kinds of bringing
out and bringing together that
come in the framework of a
well-led, intensive classroom
discussion”

(Klopfer 1964a, p. 7)




Matthias Jakob Schigiden had little patience for lengthy,
painstaking observations and plant classification. He irrev-
erently referred to the valuable plant collections of the
systematic bofanists as “hay.” To Schleiden, what was
impaortant in the study of bolany was not the arranging of
plants in neat groupings but rather the organizing of the
science on the basis of a few fundamental principles. He
plunged into this task with the zeal of a pioneer. For this
reason, it is hardly surprising that he soon convinced
himself that two of the fundamental principles he was
secking were found in his definition of the cell and his law
of cell formation. (Photo from The Bettmann Archive.)

As Schleiden continues his description of the growth of cells, we can see
Again, observations do not that he adds his own interpretations to the observations on almost every line. (There
speak for themselves. are at least three examples of this in the following paragraph. Can you spot them?)

At the same time the young cell often shows very irregular extrusions
[bulges] which is evidence that the growth is not effected from one point
cnly. With further growth, however, the circumference becomes more regu-
lar, obviously due to internal pressure. The cytoblast is still included in the
cell wall, in which place it remains throughout life, Only in those cells which
are determined for higher development is it cither dissolved in its place or
expelled into the cell eavity as an organ without further use.

Schieiden formulates a law. Having made his observations, Schleiden generalized them into a law. In
What is a scientific law? (20) summary, he says:

It is an absolute law that every cell takes its origin as a very small vesicle
and grows only slowly to its defined size. The process of cell formation
which I have just described . . . is that process which I was able to follow in
most of the plants which I have studied. Yet many modifications of this
development can be observed, In some plants the observation is difficult in
What does Schleiden mean parts or in all cells. Neverthless, the general law remains incontestable since
by “analogy requires it"? analogy requires it, and since we fully understand the causes which some-
2n times prevent complete observation,

Schleiden’s work helped greatly to establish in the minds of botanists the
idea that all plants are composed of cells. His notions concerning the formation of
cells, which have just been described, were erroneous, as we shall see later. How-

Is an incorrect idea of any ever, even in the imperfect form in which Schleiden presented it, the idea of the
value in science? {22) cellular structure of plants had an immediate and significant effect.

“What is a scientific law?
How can laws in science be
established?” (p. 17)

“Are scientific ideas

replaced very often?” (p.
24

“Observations do not speak
for themselves; they must be
interpreted” (p. 14)



The HOSC were effective

R Pretest-posttest experimental study

@ Random assignment of the HOSC treatment to 108
experimental and comparison classrooms

«® Significant gains in the experimental students” NOS

understandings as measured by the TOUS
(Klopfer & Colley, 1963)



A final thought

R There is a lot to ask and try to answer about “How
Can the HPS Contribute to Contemporary U.S.
Science Teaching”

R But we already know quite a bit!

R The task before us is how to carefully situate
ourselves for the future while making sure we
seriously take into account what we have learned
from the past



| Thank You!




On context and teaching about NOS

R The search for a panacea for teaching about NOS
continues!

R New prescriptions include scientific practices,
argumentation, and socio-scientific issues, among
others

R However, NOS is a reflective endeavor

R Thus, like with inquiry and HOS, these new contexts
will not of themselves necessarily result in improved
NOS understandings among learners



To teach about NOS, teach about NOS

R Effective NOS teaching

3 Clearly articulate NOS learning outcomes that are
commensurate with context

3 Structure student learning experiences to embody (or,
at least, illustrate) the target NOS learning outcomes

@3 Provide learners with structured opportunities to
reflect on their learning experiences from an
epistemological lens

R Challenge with choosing and using contexts that are
commensurate with target learning outcomes



Effective NOS instruction

@ NOS instruction is most effective when it is an
integrated and meaningful component of science
teaching

&R Approaches focused on add-ons and modules (e.g.,
NOS-specific or history of science units) are less
likely to receive serious attention from teachers
given their expansive science curricula



NOS
understandings

HPPSS
understandings
\
/

content

reciprocity of situatedness of
NOS & inquiry NOS

NOS
PCK

inquiry
pedagogical inquiry as science content
understandings &  instructional understandings
skills means

Figure 1. Teacher knowledge domains for teaching with and about NOS



Teaching with and about NOS

R Teaching about NOS is instruction aimed at helping
learners develop informed epistemological
understandings about the generation and validation
of scientific knowledge, and the nature of the
resultant knowledge

R Teaching with NOS entails designing and
implementing science learning environments that
take into consideration these robust epistemological
understandings about the generation and validation
of scientific knowledge



Teaching with and about NOS

&R Turns the “teaching about NOS with inquiry” coupling on
its head

R Helps articulate and concretize Rutherford’s (1964) claim
that NOS understandings would result in improved
ability among teachers to implement inquiry instruction

Abd-El-Khalick, F. (2012). Teaching with and about nature of
science, and science teacher knowledge domains. Science &
Education. DOI: 10.1007 /s11191-012-9520-2
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