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Spectroscopy Lab in an Activity-Based Astronomy Course
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Abstract
Light is the main means by which astronomers study most astronomical phenomena.
Thus, spectroscopy, the study of dispersed light based on the interaction between matter
and light, lies at the heart of astrophysics. In order to promote the conceptual
understanding of spectroscopy and its use in astronomy, “Spectroscopy Lab” is developed to
observe emission and absorption lines in an ordinary classroom and has been incorporated
into an introductory astronomy course for use by collaborative student learning groups.
The effectiveness of this lab-based, learner-centered instruction as well as students’
conceptual understanding are evaluated by a research-validated assessment tool, “Light

”»”

and Spectroscopy Concept Inventory (LSCI) [1],” and the results demonstrate that the

students’ learning gains on this topic are greater than or equal to the gains observed in

activity engagement astronomy courses at American universities. This suggests the

”» &

importance of incorporating “hands-on,” “eyes-on” observations/activities in astronomy

courses. (Received: 15 April, 2016, Accepted: 19 June, 2016)
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Some Atomic Spectra
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Source: Eoppan, Joachim. Specing of Gos Déscherges. 21 Yuna 2007, 25 Sept 2007.
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Theater Gel Absorption Spectra
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100 100 100

80 ‘ 80 i 80
60 ™ &0 1 60
40 4 40 4 A TS
: 20§
2§ . 0 £ : 208
8 0
H]

0
400 500 60O 70O 400 500 ©00 700

Wavelength (nm)

A B C

0§
8| 400 500 €00 700 $

Wavelength (am Wavelength (nm

Part lll: What's in my mystery filter?
100 100
8 | Tt B0

60 60
w0 140,
20 § bft e g
E | 3
0 g 08

0 & 400 500 600 700 § 400 500 600 700 §
W, {(am)

Wavelength (nm)  Wavelen gth

E F
100 100

- 80 t 80
I | &0 | - 60
| 40 4 f t—1 40 4
) Pl
| 202 —t 20 @
3 3
H Lo &

0 & 8
400 500 600 700 3 400 500 600 700 8§
w gth

Wavelength (nm)  Wavelen (nm)

400 500 600 700 §

Wavelength (om

G H |

7 Lee Filters JRINA R k)L
FNEFNRDIAILE—DRERECEDEBRESR
=9,

4. REDKEBMZRAERR
ZORNEREBLIZHBERTEICELY F
VTR O OB S L BT 5 2 &
IMTEIh, LTz L TFH 2 RK
T2 LD RILFORRG &R T E 72,
PETH D, LoT. Fpk 26~27 FHEAE
MRZFIZBWT, HFZEIC LY BREES 7
Light and Spectroscopy Concept Inventory
(LSCIL: it & oyt e A [1] & Faak L 7=
b D&M FAEDN L GG O B
ZafA L7z, LSCI 134 26 D% iR E 2>
bk b, EREBEOL. JRFMWERE, £ LT
ot & WE O EAEH (R - WIHR) . BAR S
WOEBE ), AT 7 7 ARy~ v O]
74— O 6L S OEANCHES
W B ONE | IREM), KE IR (HR
M), Ry 7T —v 7 b OEA LB L T

RXHEE 201657 A5 (Vol. 28 No. 4)

—5—

WBDPRREIbI D, Z OFEE T EBRER
FHHRCTHD, RUFAMBEHEE 1 BEE 15
HHIZAT - 7,

2 ITEINKRFTHRL 26 AFREEICE M L 72
BAEFH (S14), Fpk 27 FEICHM L7722
#R A (S15) tfEELAMN L0 RRE A
(S15MA) 2815 LSCI OfER%/Rr7,
N XA T, Pre I35 RIFHAEZ L T Post
TEGEFTICBITAELERD 7 T 2 (%),
F 72 Gain(F A )T EHRFAE LD 5 FAl
A &2 527 (=Post-Pre) T, [EX
ROMONERT, <g>FHBbanr1
ThHY ., HFR EFOAERRK BRI
LHiba, REOFDHEOEEL LT, LFD
rolcERsN D8] :

<g>=(Post% - Pre%) <+ (100 - Pre%),

Bz X, <g>=0.56 THLREEIEBNTIL, ¥
HIEE R EHHEN D 50%D EHNE ST
ZEEEWT S, HEMARIT. vyER T
ANV RREIZ LD . AEAREDR 5% L2 o
T, EBRSHTHD EHETH, t 1Tt BE
ECHEATE FROVEN, T4 LT
YK DEHTIE L, MEUICHAE TS
LHMERTN, TOt SHAICE VT 95%(5 #H
X DM Rk 2 =R p(FEE)EZRDDH Z
EIZERD, p<BU THNITHFIMWIIAETH
LHEE XD,

S14 X T I IV THE 2 AL k& %)
RUIAToTERETH Y | ZiEED I 72
Vo AR, BIMKRFETFEAIT 1 FERER
AF v U NXATEIL 2ERNS LHEEOH
HEHX ¥ N R(BENIC 1 KR BT 5)
B D720, R TOHEELMERMBUT 1 FIR
W T2 X9 EeZ T T0oLENLTH L,
S15IMAF ¥ /SR TIT» 7=, —F S15MA
X TR E LA EZXIRICETRFETITORLE




—6— B R

X n

#2 LSCl DR

Pre Post Gain <g> t P
N (%) (%) (%)
S14 7 27.5 54.9 27.4 0.38 5.34 0.001
S15 28 32.1 63.3 31.2 0.46 10.44 0.000
S15MA 5 27.7 73.8 46.1 0.64 5.41 0.003

WFBEICBT2HEL2Z I CEBFE44 (1 WERCBIDZFA VIV RENIETH
LIEFREOEHFIZEY 14 BrHESNRL %o Z DRERIE, H%dw%m&%%)~7
mole) LHEFBRIILDBEEZ T LD v RRFOMEEEME 7 L — 71911
WHARNFAE 24 B ZE LN, 54 LR D15 B AR FE IR & (FCI: Force Concept

KRNFAEDBIZ AL D 7ZERIT 20> T2,

¥ 8 1% LSCI IZ81F 5 EEFEFEOMN(T A
NEFERT A ROEZERIIH LTI 7y b
L72bDTH D, AREDOFATEEIL 27.5%
N5 32.1% T, FE L 54.9%0 5 73.8%
Thd, tREICLD L. AEEITpPp~0.001
<0.05 TH Y . KFAE D EZ RO MONLHE
MICAETODLZ L ERT,

F7-. UK 812, LSCI OBREZED— A
Td 5 Bardar(2008:B08)7%, 2005~2006 4F
IZ 26 K5 34 22— A TIT o - &G R [16] %2
7w b L7, £7-. Rudolph(2013:R13)D
B RB] O<g>D E MR LR L7z, BOS
Active Engagement (AE) [T 7 4 A h 7
graryaEH L2 b LI EMAGHER
DOH T Project LITE 7/ & L TR L7-HE
S IBREDOMRK Th 5, Lecture
Tutorials (LT) % ffH L7z se@hZ i
B08 Active Engagement LT (AE LT)& L T
BlOFEFTLE T %, BO8 Traditional (T)IX/E#E
MR OREMFETH Y . BO8 Online for
Teachers (I RXRX#HAB XA T A T
ITOTREMBETHD, RIBIZLT 2#H L
HHE L
BIE 0BG ROiE, 5 OREE SNy 2
KW ANTREIBITL7A 1%, 6H

—HMED RN ST EDR R TH D,

Inventory) % H V724 #E T15 O LLE A 5T RG
RE—HLTWD

IHIT, HHEBREIRD ANTRED T A
VIXBOSRRIZD T A U ETHDZ ERb
WD, BBALT A BB RS L

<g>s = 0.49:0.11sd
for S14, S15, S15MA (n=3)
<g>ae = 0.270.10sd
for BO8 AE (n=5)
<g>pe 17 = 0.24:0.10sd
for BO8 AE LT (n=6)
<g>y = 0.15:0.06sd
for BO8 T (p<0.05) (n=16)

THY, 7B izniiinz, K
I L DB A 1%, BOSEEEN SNy

BREIZLDIBELTIA v OBEZ2H%TH
%, R13 OHALZ A 2 <g>:=0.38 |2 T
b E D,

RXHEE 201657 A5 (Vol. 28 No. 4)

1 sd=standard deviatiof % {f 7=
2 BO8 Dol R EO R CHREMNICEH
B O A EIR




SREBTT V74 TS— -V IRXE

Gain vs. Pre-test

50 . T .
" A BO8 Active Engagement
e @ v BO8 Active En?agement (LT)
S = B08,Traditiona
~ % BO0B Online for Teachers
40 - %, m 514 .
s + 515
™ @® S15MA
N - -R13 No Textbook (LT)
30} Ty, BN ]
*-' . = -~
A v "
= o ~ <g>=0.5
L - ~
¥ 20 IR h
a‘?‘ B “'4_ - H‘v' g N S~ & . .
L --x_h-:‘gh:::OQS\\.‘ & .
10""--—5 b- “""--___* \\. ]
- _ -—'.._ % - o 1 ~ <
Wa P02 e,
L =~L__H__“ "-H_:h\
Ot S 23
3
1 ] 1 1 |
0 20 40 60 80 100

%<Pre-test>

8 LSCI TRIELE=HBZOHMR

ZRRAEDE Pre) [T H2FRFABTFEHA SFRABTFHZSIVEE. 71 > (Gain)
DRMERT . FyPafRlEeoD—%EEO0.1, 0.25, 0.5 %R,

5, E®

SHERERD ANTREOET A VIX,
DHEROBEDRICLDLONE I hEik
MTHUENDD, @74 OERELTE
2O DX, %A, 2)15 B i LSCI
Y ] D R PBE& Z2 5 A T2 IR, %
L T 3) Lecture Tutorials (LT)Df#EfH T&H 5,

1) SI5MA O /7 A 1% 46.1%TH Y FrlZE
WV, ZAuE, #E 1 AR LT 56 Ao A
BEch, HEN 1 A1 ADEADZEDY
DT RAZFEEELNT a2 —T v FINT
X BEVWIFREERD D, L, %k
ENTNTH-7=-S14 D7 A 1% 27.4% T
D, BO8 DF A UixmMEIZHE T2 6 D TIX

RXHEE 201657 A5 (Vol. 28 No. 4)

DM SIBMA O 7 A > @D 6 FNTH 727200,
F7-. ZaE 28 A S15 D7 A 1% 31.2%
THH,.S14 L0 BOSDF A UikEE LY
L, — ., HIRT AR, U= v — &
DFRERP BRI 5 & ELAE L FEHADRE
T M O BRIRFEIC =BT e v o T, B AR R DS
FThHholFHET 6 40D 0(£H S15),
ELEZTOLTHD, T2 L, R THHT
WRE LI 3HFIOHRENLIE, INZERNE
DR, &7 A ZHFHE Lo mcd o
NI,

BEE TITZHEEN 0 ALLEE 50 ALLTF
DFEHE, TNENOVEZHAEKEF 3
IZFt L7z, BO8 OFRAETIL, Bkx et A4 XD




—8— m

x3I RBEH N) OLEH

N> | 8 | N< | ‘75
50 | FA | 50 | T4
% %
(\) ON]
Traditional 5 125 11 27
AE 5 98 6 33
AE LT+R13 4+1 | 84 2 30
S14,
sisstsMa | O | | 2P

REDMELFRIZR > TV D,

2) fFINKFICB W TIE LSCI offE Iz
ENDLRIYHEFH S (4 ) 25%ET L0
12, 86077, DFE D, BRERM D 26%% ff
MUL7 (15 8, # 90 43), BO8 OfFFENR
I B T2 WA  R13 TRV TIE 420 57,
BRRERRH O 18% &AL TWaD (10 4,
H2X12043), HARET AV B TIIRERLE
NERZY . T AV DORFIZBIT HRILFA
P 3E Cldk, BRERM L BENE S LITK
2T, BB TEHMY 1.5~2ETH D,
X oT. EMKRFICEWT LSCI ICBhET 5
AL & SRR B R IZ Z 0o e b iF T
X720,

3) BEMRFTIX, HFEHR L FRFIC, LT
N5 LR 7 (Light and Atoms) | & [ &2
7 ~v# A 7 (Type of Spectra)] DU —7 v
— hEFENTF2— N T A T, SHE
Br & 13BN, LSCI Ofi&EIcE N s E%
WH LT V—27 v — NI 5 >H L7, Al
TIZB T 2 BAL 7 A v id<g>s = 0.492:0.11sd
THY, 7AU A TLT 2 LREOH
¥AL 7 A . <g>1 = 0.24:0.10sd & <g>z=0.38
UEDETHBL, Lo T LTIZLDTF =—F
VT An, KEO®ET A o OME—DER T
X2 N2 & ZRBL TV D,

RXHEE 201657 A5 (Vol. 28 No. 4)

X n

FTA BT 5 2D O RRER BRI %)
LT, bivbhix, KR TOIRE L
BPIDREITIIT D3 ERE I AT
BFREOHENRREI VDO TIIRVWMNEEZ D,

T THT o e e FER E VT 808 FIEIL
Pricilla W. Laws (Dickinson College) 7B
LTz, ERS/NENZEOHEE DT T
W T—2vay 7KMo ERE2£LE
e RFMFERNFRECBNTEL, 20U
— 7 a7 HRIC XD FEORSBERE D
FRRL, BRO#RICLD ERAROBLE
2-3 U ETHY, V=2 va v REA
B O EHRIZELTE, F=— MV TAE
NICE D ERARIHERTLEBLZ2ETHD
EWVIBFZERE RN D H[19], Z D ik, %
AENEBRIZFRELMAE, BLEME (real-world
problems (ZHXV fHA 7223 & W PREER & 58
RLTW W) | FEFERURED A
BRREBEWRL TWD, Ktk 24
FERIT, NERECBVWTORZLT, KX
FREIIBONTH, EB - RBREREZTY A
NHZEOEREEZRL TS,

=77l bhvbihvd ZivE TOERER RS
Ik, mAA COERE LT, kL
WDNBHEOFG ORI X, SEO%
A O DR ES Ot &
Dd oA RetE b HERR T E R, ot F IR
DHDEEDREZWH LT 5121k, LSCI
FEA HARDOMKFZIZBNTHITV, s
e o ERNH D,

6. BHYIC

RILFIIBHE-TH D, DF V., RI¥F
T 9 IE TBLE ] "real-world"d b D TH Y |
KXo TR "problems™s fi# < Z & 1%,
ot E g L TEwat 524 Th
Do ZDIH, REHEFIZBNTH, EBEO
HaHWTRBEZMR ZENLEE L, L
L. HEBSHFEREE L~V T, ERICEE




DHREBRTTIT14TS53—Z=

BEAEENEET DO ARARRICEY, £< O
k? FEESD R T, KPICREERT
LIETER DL THD, LoT, 1T

I EDRILFZEIGHRIERICL - TTD
NTWDLORBRTHD, LarL, £hiX
FEOR— (BE) 2o TR TR0V
2a— 292 (ME 2L, XZXF v b
R— N EEZS5EDLIRbDTHD, £,
KEPIFEIRDERF R NRILFRZEITB N T,
ERRERIGERIC K DEEBEDREPMENZ E NG
MIZI>TWND, ZTNbDZ EiE, #ZHEIX
BESR DIZ AT & O REB BN B 238 A
LTWKRETHDHZEEZERL TS, F
ERDORLFREOR IR LT, BEHIL, B#
ERNLED LT =T v a v T HRE, N
(HFE) OREICHEAT L LaRlA T
% [20],

ok 26~27 FEIZEMRFTEBLET
T 4T T ==V P RLFRETIT, 2%
RIS DHIRN S, T AV BT v 7 RE
TIT> CWEEBEDOR « R D A7 Fvgy
HEEHENTWe, BRORFIZEWT, HA
DOFEWRETREL Y LIAD THREICZR D
W, X0 oBE, Lo otf@E—75
FINCEZELTH, MRFPEITAESVBEEDH
% 1~2 OIEH L 2 T, —J5, KA
FEANZ Lo T, HFERICT K 2 FEFRO I
FEROBEDRITEH N EBRH NIRRT,
LEET, BENDOH#ERRIT 20~30 DU T
WA D TETH D, £o. EFEDOAT K
’%ﬁ%ﬁi@)\h‘éﬁUﬂF:?A%%ﬂhfm
o HHREEIITELRY *y hETTHEE
L“Cﬁb‘()iiﬂx%)\ FAENFERE - THE
RIREIZEL Y fHTe, ” “eyes-on” X 5
\Z%rains-on” O KL FERHE, V—7 v a v
TRIXFORFEEZBHFEL TV D,

"hands-on

AWFgeix, B se g wibh 4 TR 5E C)
(FRRE® 7 26350191) OB 25T Tiro 7=,

RXHEE 201657 A5 (Vol. 28 No. 4)

VI RXE

X M

[1] E. Barder, E. E. Prather, K. Brecher, &
T. F. Slater (2007) ‘Development and
Validation of the Light and Spectroscopy
Concept Inventory,” Astronomy Fducation
Review, 5, 2, 103

[2] T. F. Slater, J. P. Adams, G. Brissenden,
& Duncan, D. (2001) ‘What Topics Are

Taught in
Courses? The Physics Teacher, 39, 52.

[3] M. Zeilik & V. J. Morris-Dueer (2005)

‘What  Are Concepts in

Astronomy 101?: A New Approach to Find

Consensus from Two Different Samples of

Introductory  Astronomy

Essential

Instructors,” Astronomy Education Review,

2(3), 61.

[4] M. Zeilik, C. Schau, & N. Mattern

(1998) ‘Misconceptions and Their Change

in University-Level Astronomy Courses,’
The Physics Teacher, 36, 12.

[5] K. Brecher, (1991) ‘Do Atoms Really

“Emit” Absorption Lines? The Physics
Teacher, 29, 454.

[6] L.C. McDermott, (1998) ‘Oersted Medal

Lecture 2001: Physics Education Research

—The Key to Student Learning,’ Am. oJ.

Phys. 69(11), 1127

[7] E. Redish, (2003) ‘Teaching Physics

with Physics Suite’ Wiley

[8] Project LITE http:/lite.bu.edu/

[9] VEAfAE  (2011) RO AT FLFEH
(2D 1) | RXHE vol. 23 No. 2, 46
[10] fRiT#E (2011) [R¥EH BORRT |

NHE] RXEE  vol. 23 No. 1, 34

[11] P. W. Laws, (2004) ‘Workshop Physics

Activity Guide Core Volume with Module

1&2, John Wiley & Sons

[12] L.C. McDermott, (1993) ‘How We

Teach and How Students Learn—Closing




X n

the Gap,” Am. J. Phys. 61, 295

[13] E. Mazur, (2009) ‘Farewell, Lecture?
Science 323 5910 50

[14] E. E. Prather, T. F. Slater, J. P. Adams
& G. Brissenden, (2013) ‘Lecture-Tutorials
for Introductory Astronomy,Third Edition,’
Pearson Education

[15] A. L. Rudolph (2013) ‘Do You Always
Need a Textbook to Teach Astro 1017,
Astronomy Education Review, 12(1)

[16] Rainbow Symphony Store
http://www.rainbowsymphonystore.com/
[17] E. M. Bardar (2008) ‘First Results
from the Light and Spectroscopy Concept
Inventory,” Astronomy FEducation Review,
2(6)
[18]R.Hake(1998)

Traditional

‘Interactive-Engagement
Methods: A six-
Thousand-Student Survey of Mechanics
Test Data for Introductory Physics
Courses,” Am. J. Phys. 66, 64

[19] J. M. Saul & E. F. Redish, (1997) ‘Final

versus

RXHEE 201657 A5 (Vol. 28 No. 4)

Evaluation Report for FIPSE Grant
#P116P50026: Evaluation of the Workshop
Physics Dissemination Project,” University
of Maryland

[20] #EH & % £ (2016) [ZEFThH¥—iHE
BRWT — 7 gy TYHOBA—] AFD
WP, 22-2, 83

RE HEx

fujitaa@shinshu-u.ac.jp




