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A Modified H-R Diagram Activity to Introduce the Nature of Science
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Abstraict The pumpose of this siudy is o suepst the modification of activities 10 inmodues the nare of seience in ¢arth
scienae olancoms, A small modification <an tum ordinary textbook activites kg the nature of scienar activities, Sine
earth seienee oould provide 3 ocood basis 1or the wn@tive, ereative, and socially and culinrally embedded nature of
soienos, 26 well as appropriate understanding about scientific maethods, carctl modification of carth scienas fenvities
conld be wffective tor students o undarstand the natuee of seienoe, Considaring which aepects of the nature Gf seience are
appropriate, aleng with the possible change in the activiny teachers will be able o medify wabook activities offectively.
An example moditication of H-R diagram activity was also syppestad.
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Activiriss,

Infrocuction

Today, the importance of understanding the nature
of scieneg is highly neganded in scicnce education,
Ih fact, many of seicnee education standands from
various countrics cxplicitly state the importange of
understanding (the nature of scicnee (MeComas and
Olson, 1998k In spite of such cmphases, however,
students” inadequate understanding of the nawre of
scicnee has boeh nepeawedly reporicd by nescarchers
(Lodetman, 1992; Laderman e of, 20023, This dis-
crepancy between the goal and e achicvement sug-
2ests that we need 0 invest more ¢ilons on how o
beach the pature of scicnee W studenls in scicnee
claszrooms,

The natuee of scicnee should be taught explicitly,
because “just doing scicnee” docs not help much in
understanding, the pawre of science (Bell er o,
2003), Morcover, leaming  sciehoe without  clear
understanding of the nawre of scienee ofien leads
students 0 mistaken  notions (Clough and  Olson,
2004), Torwnatclyv, many sweagics v help wachers
w deliver accurale notion of (he nawre of scicnee
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arc alecady available. For cxample, piclorial gesal
swiches such as oldwoung Iady and rabbit’duck
images are cngaging, way W help students o under-
siand that obscrvations are nol aricly objcctive
(Michacls and Bell, 2003). Cand-cxchange activity
{Cobem and Loving, 1998) can help both students
and (cachers w0 cxplore their previous  understang-
ing and o inoducs accurale notions of the natung
of science, Black-box activiey (Lederman and Abd-
El-Khalick, 199%) can provide sulenis an under-
standing, aboul how sciches works,

Neveriheless, difficultics of waching the nawre of
scicnee are still present i woday’s scicnes class-
rooms. Although (hese activitics are excellent o
tcach the nawre of scicneg, ey ane nol woven into
seicnee contents and cannol be used repeatedly in
iehching, varioys scicnee subjects, For instancs, carh
scicnee (cachers could use these activitics w0 intno-
duce the nawre of scienee onoe, but they cannot
use them repeawcdly in canth scienee classroom, [T
the nawre of scienee is inoduced W sdents onee
or twice, with spocially designed aclivities, then not
mentioned for he eest of (he &CiCNCS COUESS, Stu=
dents might not {ully undersiand the namre of sci-
eneg. While the mistaken notion of the namre of
science ¢an be casily given in igaching any science
subject, inwoducing, accurale notion of it in weach-
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ing cach scicnee subject scoms difficult, Thus we
nood diflerent sieeeics which arg simple {for apply-
ing but subtle for affecting in the scicnee Class-
BODITIS.

A few allernative  steabcgics wene  provided by
some nescarchers, The core idea was “madification
in activitics’, Colbum 2004y sugpesied thal typical
cookbook lab can be changed by making small
madification. He gave swdents more choice and
stopped the procedure At corain points - bring up
the discussions, By this modification, saudents could
leam about (he nawre of seichee as well as the
chromatography.  Loderman  and  Lederman (2004)
also demonsiaed how (he notion of the nawre of
scienee can be introduccd in the Gypical biology
activity, They  placed  some  retlective  questions
regarding the nawmre of scichee in several crucial
points of the procedure, By this simple modifica-
tion, the tvpical cell evele activity wmed inw the
paure of sciches/biology activity,

The modilicamon in - activitics could be a zood
stracgy 10 inwoduce the naee of scicnee in canh
sciened, 100, Thergfore, his swudy will focus on
suggesting the way w intnoduce the nawne of sci-
cnee in high school canh science class  through
modificd activiics. With this steaegy, the naure of
scienee could be explicitly wught in canh seicnee
classroom without making a big change,

The Aspects of the Nature of Science

The nawee of seicnee typically relers © the val-
wes and assumplions inherent scientific  knowledge
and the development of scicntific knowledge (Leder-
man and Lederman, 2004), Naweally, the specific
aspects and issucs about the mature of scicnee arc
mol unanimously agrced among historians and  phi-
losophers in sciches, because (he hawre of scicnes
iself is icntative (Ledemman o e 2002). Bul a
conscnsus of key ideas of (he nawmre of science
appropriate for K-12 students has been agreed in
some degres, Loderman and Lederman (2004) sug-
fested seven key aspests of the natre of scicnce as
follows,

Fiest, students should undersiand that therg is the
crucial distingtion  between  observation  and  infer-
ence (Loderman and  Loderman, 2004). Second, su-
dents  should  understand  the  distinclion  between
scientific lmws and scientific thootics (Loderman and
Lederman, 20047 MeComas, 20040, Scientific Lnws
are descriptive stalements about the paucms or rela-
tionships among the natural phenomena, while acich-
tific theorics are  infomed  cxplanation  about  the
nagural phenomens (Lederman e «f., 2002) Thus it
i closcly relaed W undersianding  the  distingtion
between observation and inference. Thind, stdents
should understand the cmpitical pawre of science.
Science demands and relics on empirical evidenee
(MeComas, 2004y Fourh, swmdents should under-
stand thay scicntific knowladge involves creativity
and imagination {Chiappcta and  Koballa, 20d;
Lederman and Lodermman, 2004; MeComas, 2004,
Fifth, scientific knowledge is at least partially sub-
Jective. Iu refers the influence of aceepled  hcorics
in the scientific community a5 well as the individ-
ual backgrounds of mescarchers (Loderman and Lod-
chnan, 2004k Sixth, students should undersiand Wl
scicnee is socially and cultueally embodded (Loder-
man and Leoderman, 20047 MeComas, 2004). In
otlier words, there are historical, cultural and social
influences on scicnes and scienes is neither indepen-
dent nor objective from human sogial svsiem, Sov-
enth, students should know that scicntific knowledge
is subject o change. It is called the wwntative nawre
of science (Loderman and Lederman, 2004; MeCo-
s, 200y,

In addivion o these seven aspects of the pawre of
SCICNCE, A f0w mote imponant aspects have boch
repeatedly  pointed, The mvth  of e scientific
method is one of them (Chiappeun and  Koballa,
2004 Lederman ¢t al, 20007 MeComas, 1992,
2004y Sudents should know that comtnolled experi-
ments are not the only and the most eredible scien-
tific method, and there is no single,  standarnd
scientific  procedure that every  scientific  investiga-
tion should follow, [n fact, various methods arg, and
have boen, available for scictwific investigations,
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The relatonship between scichee and  technology
is another significant aspect of e namre of sci-
ence, Studenis should know (hat scicnee and  icch-
nology impact ¢ach other, but they are not the same
(McComps, 2004),  Another aspect  that  student
should notice is (that science and is methods can-
nol answer all questions (MeComas, 2004y This
aspect also relawcs (0 the wenative nawre of scicnce
and the  misndersianding  about  the  scientific
method, These aspects and some relaed aspects are
usally  addmessed  in k=12 scicnee curriculum
(AAAS, 1993; NRC, 1996), thus how w0 convey
these aspects 0 k=12 sudents will be the concem
in cach scicnee classnoom.

Introchucing the Nature of Science in Erth
Science CRISooms

Earth scicnee can be a good subject o introduce
the namee of sciched, As Maver (1995) explained,
carth scicnee with canh sysiem approach could con-
tnbute 10 scienee education in three wavs: philo-
sophical  conwibution, methodological — contribution,
and conceptual contribution,

Methodological conribution s, pethaps, the maost
obvious on¢ among them, There has been persis-
(eht misconeeption  about “the  scientific method’.
Many swdents believe that there is “the scientilic
melhod” 10 oblain scientific ¢vidence and it should
be he experimental method {(Chiappeitn and  Koballa,
2004: Lederman of al, 2002; MeComas, 1998,
2004y, In camh scichee, hisworical methods and
descripive methods are oflen used, Sinee carth sci-
ence akes many  different methods  outside  the
cxperimental  method,  sadents may  be able 1w
understand that dhere are many ways 0 do seicnee
by sudving canth scicnee,

But this methodological comwibution scems like a
double-adged swond, bocauss, withoul accurae viesw
of the nawre of science, it can lead students o
another misconeeption, There is a likely chane that
students pegand canth scicnee less developod  because
it oflen uses non-cxperimental methods, Thus, (each-
ors must be cautious when they Jo canh scicnes

activitics with studemis, Many of canth seichee activ-
itigs in the wabooks are wsing  nob-cxperimental
methods,  Students™  positive  understanding  of  the
nature of scicnee depends on how weachers deliver
the nature of scicnee view through these acti vitics,

Ouher aspects of (e pawre of scicnee can be
effectively introduced in the carth  science class,
Earlh scichce concems naweal  phenomena which
occur in and avound the canh. Some pans of ¢anh
seicnes demand  understanding, about  locality and
other pans of it demands global prospect, In both
cascs, carlh scienee is closcly related w human life
and socictics and it does nol only affeet them but
also is affecied by them, Thus, swdents can leam
that scicnee is socially and culwrally embedded.

Creative nawure of scicnee ¢an also ke introduced
in the carth scienee class. Lack of tangibility is one
of the aspects of canth scicnee, In many  cases
dircet observation or collecting data is impossible,
In other cases, invisible perspectives are explored,
For example, we cannod go and collect data dirgetly
from the inside of (e carth, of outside of the solar
svatem, Bocause of this lack of tangibility, studying
carth  scicnee  requires  rgscarchers™  ereativity  ang
imagination more han others, Therelore,  students
could leam how creativity and imagination conrib-
ule in seicnee,

Leaming, canh scienee can also be a good chance
i undersiand  the  (eniative  patuee of  seienes
Recently, cnth seiencee  has  deamatically  changed
with the help of advanesd wechnology, Morcover, the
change never stops, The new ideas and the new
discoverics are being reponcd almost cvety day, and
it changes our view about the canh, the lite, and
the universe, 1L also capures o great deal of public
atention,  While eachers  wcach  thcse  incessant
changes in the carh sciches class, they can also
remnind students of the entatve nawre of scienee,

Inwoducing, the nawre of scicnee in the ¢anth sci-
ence class can be dong in various wavs As men-
tiongd above, canth scicnee provides several  good
bases, Teachers ¢an remind students of the nature of
scienee through the lecture, ask questions ot they
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Table 1. The sheolus magnindes and the spectrad types of thirgy, woll-knewn surs

Nam Magniode Spoxtrat Tvpe Namg Magnmude Specral Type

The Hun 48 G Polaris 45 F
Centagr A 4.7 G Algrd 45 B
Contar B 4.1 K Aldebaran -8 K
Contar < 154 M Capella A6 G
Bamands Star 132 M gt =L B
Swrins A i3 A Bepelpetiss a4 M
Sirigs B ER] A Regulus EEE] B
Chpnus A T K Sivar Bty A
Cheprs B §3 K Spica -3 B
Prixaen 28 F APCIIFUS 212 K
Kapheves Star &85 M Al -47 hY:
Ltz e Ay gk 05 A
Kruger 64 A 134 M At 23 A
Kouger o3 B 14 M Ixeneh -T2 A
Crornbridas o8 £ I Motk Rk <

ean engage discussion among sidenis, One of the 18y

ways would be vonducting acfivitics,  Deweloping . 5 ’ . :

L} £ - L} PCLY 0 *
new miure of seienoefonrth seience activilies ean be 2 ‘ : ¢ 2
i

zood, Using achivies i the ioxibooks with soll N . .

modifieation, however, seerms W be g simpler and k. . t .
. @1

CASIY WAY. * . :
Te modify ondinany carth science afivitios, foach- ' .

ers should be well aware of aspeets of the natue <0 R S T

of wignce, Then, the following iwoo questions could
b considened,

- Which mspocts of the noture of seience could be

brought inio ihis sediviiy?

«What change s available?

With these questions i miind, ieachers can mod-
ify aciivitics 0 bocome the nalure of seienee activi-
tes, Tenfabive nelure, oreative  nolure,  socilly’
culiveally embodded mture of seience aleng with
dispelling the myth of “he scieniific method” could
bo congidered first for modification, because ithose
aspects can be cgsily related o coarth seionee @y
explained  before, in genersl, choosing appropriale
aspevis for dhe gelivity onfirely depends op ioach-
ars”  decision, sinee o osetiviy has  particular
advanispedisadvanizge for nineducing the nare of
seienee. How b make w change also depends on
wachers, Some of foquenily usod wiys @e ssking
reflovive questions about the natune of selonce or
cagaging studens” discussion sl conaln siops du-

Fig. 1. H-R diagrun of sws in Table 1.

g fhe precodure Colbum, 2004; Loederman and
Loderman, 2004) Teachers ave encoumged © make
vaftous changes. In any case, small modifiestions
ean make u big change, Stdents will leam about
the nature of seeaee through cadh solence, i ioach-
ors are willing 1o do i,

The HR Diagram: An Bximpie of Modified
Borth Scietes Activiies for the Neture of Science

The H-R diagram activity is one of the popular
godiviiics 1o carb seienee elasses. Table 1 shows 3
st of sars from one of the carbh sclonee foxi-
bovks (Woo of al, 2000), The origingl aciiviey from
the iexdbook s nod Hnked 10 ibe natwre of sciened
Siudents are mrovided with the dala and ssked o
draw the H-R disgram bee ploiiing sl dats on ihe
chart, Then, they are asked fo group siars in the
diagram, Flg, 1 shows the disgam produced From
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Table 2. i absolue magniades amd spestml gepes of mvonry, wellknown siars

iz Magnitude Bpestrad Ty RN Magnitude et Tope
Riggl -TE 21 Barnand s Star 32 M
Briglgeuss 55 M Kruger & A 134 kY
Deneh -T2 A Kruger 60 B g ht:
Birins A, 13 Al Mizar SHiy A
Sirigy B H3 A Mirmaka G} 0
The Sun L G Kaptevn's Star 86 M
Aledebrarig BLF K. Lawwn [FE M
Arrus A2 K. Coataur A 47 G
A -7 M Conmtar B 4.t K
Croombridee 1618 A5 K Cormtae O 154 Y
the data in ihe Table 1. In this diagram, the main -10
L} . . . + +
squence is clearhy shown  thenefore, any dudent s * H
would casily identify i There are two questions 6 & : 3
conclude this activityr “How can wou group siars in g, . *
ihe H-R diagram? and “Deseribe the brighingss and £ . . e
surface {omperatiee of caeh group In this aefivily, 3 * M
sindenss onty follow procodums as diecind, and the 7 *
icsa.;l{— is S() cl{:{ir {‘i‘ﬂ!ﬁ{_ ﬁ]cm is i‘le mm ﬁxﬂ qﬁw_ 20 ..... S— O ...... ER— B ..... ER— A ..... ER— i: ....... ER— G ....... R — K ........ - 2\‘.1 E—

HORS OF RTINS,

Neverfhohss, small  modification can bring  the
potion. Of the malee of scienee inde iz seliviid
The modified aclivity consisis of two paris, In ihe
first pard, incomploie dain sel is providad o siu-
dents inslead of whole seb of data which will prow
ducy elear main seguenee in the disgram (see Table
3. In Table 2, ihere are only fweniy of stars from
original daia sel, and the rsull s nol se obvieus do
ideniify dhe main sequenes as shown in Fig 2,

Studenis can work as an Indiidual or as @ group
o draw the H-R Juggom, Then, ihe feacher can usk
stdenis to group the siars and to cxplain why thev
grouped them in thal way, Since the main soquonce
# aol cleardy shown, siudents” answers would nod
be unanimous. AL this poind, the bacher can bring
pp the subjociive natwre and coatbe matwe of soie
enge with flleving questions:

-How did vou group siars in thai way?

=How die vou think scienbsts would proup stars

with such @ resul?

Studenis ean have 3 chanee o falk sbouwt that
analyzing Jdaia and producing oviceme mighi nof be
foldlly ohioetve, They  might ighly  depend on

g 2 H-R dingram of rwesty s in Table 2

regoarchers, Thus diffrend apalvsis and ouoome
could be possible oven among seientisls, This is the
subjective ol of selones, Studenis can also talk
dboui omealve naiure of seienee. Science is nob
compleiely procedural and @i ceriain siep, research-
ers neod omiivity 0 produce ouicome Just s siu-
donis did o group the stars i this acihily

Theny, the teachers n ask the noedd questiom
“What would vou need W do ped™ IT students
point the lack of dota, then i is casier 10 po to the
second part. Alse, ihe toscher can remuind siudenis
of the empirical mmure of seience. Seience demands
and rolics on empirieal evidence,

In swond part of this achivily, sindenls as an
individual or as a group should cheosce their own
datg W complete the H-R dfiagram, Many texibook
provide information aboui welk-known shars as @
appendix. Usually, the Bst of some bright stars andf
or the Bl of some near slars ane provided, Site
dopds can use ihis appondiz as A wsouree, Olher
wise, loochers con provide msourees, When siudenis
eompleded  their  dmgams,  hey should  dentify
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groups of siars. The wacher can ask following ques-
LiOns:

= How and why did vou choose these da?

-How did vou know that he diageam is com-

ploted?

= How and why did vou group stars in that way?

AL this point, wnative nawre and  subicetive
mawre of scicnee ¢an be discussed, Al the end of
the fiegt pan, sdents bad various nesults, then, at
the end of the second part, they may rcach differ-
cht results from their former eesulls, Thus, swdents
can discuss about the tentatve natre of sciches
coniemplating  that  scientific  knowledge  always
changes with more evidenee, Students ¢an also leam
mote about subjective namre of SCiches. Somctmes
choosing, improper da leads w improper resull,
And it happens among, scicntists, Students can dis-
cuss about the similarity among their H-R  dia-
grams as well as he ditlerence among, them, They
can also compare their procedurcs, mainly what data
they chose, w0 one another o discuss how it
aflecied their results.

Giving incomplete dat set and  leing  students
choose more data would be nothing but a small
modification. Combined with a  {ew  questions
reganding the nawee of scicnes, however, this small
modification ¢an change the ondinary activity inlo
the nawee of seicnee activity in carth scicnee, Wilh
this modified activity, students may leam nol only
about H-R diagram but also about subjective nature,
CHCALIVE DALUES, ICNIAGVE nane, and empitical nature
of scigheg,

Conclusion and Implication

The pawre of scienee must be taught in all sci-
Chee  classrooms  wilh overy  subjcet o science,
Leaming  scientilic knowledge docs nol automati-
calty bring, the understanding of the nawre ol sci-
¢nee,  Morcover,  posscssing  scicnuific  knowledse
without appropriate understianding of the nawre ol
seicnee might mislead swdents wwand biased views,
Thus, wachers should <onsider how w (gagh he

natre of seiehee within the subject they each,

Earth scicnee has is own merit 0 inroduee (he
natre of scicnee, The non=cxperimental methodol-
ogy (hat is frequently used in canl scicnee could
provide a 2o0d basis w inwoduse accurate undee-
standing, about scientific methods. Teniative naturg,
creative namng, and socially and culurally embeod-
ded pawre of scichee can also be casily inwoduced
in the carh science class,

As shown in his study, modifving wxibook activ-
itics could be onc of the simple and ¢asy wavs w0
icach the nawee of science in the canl scicnce
¢lass, Teachers could do it without changing curricu-
lum, ot developing new programs, Therelore, there
is less rvisk in modifiving activitics than rving whole
new strategics, IL is a small siep and might not
bring, significant ouwome, Nevenheless, it could be,
al lenst, the staning, point for bolh weachers and stu-
denis w understand the nawne of scicnce in mong
practical wav,
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