Effectiveness of Two Interactive Learning Techniques in Introductory Astronomy
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As a part of the shift to active learning environments in the Department of Physics and Astrono-
my a Eastern Kentucky University, we implemented the use of a clicker system in all the intro-
ductory astronomy courses. The clickers were used in class on a daily basis to allow students to
actively participate in lectures. Several of the astronomy courses at Eastern Kentucky University
also include interactive laboratory sessions. Here we present pre- and post-test data from the so-
lar system astronomy class utilizing the Astronomy Diagnostic Test (ADT) from the first seme-
ster of clicker use compared to previous semesters. We also compared the differences between
the laboratory and non-laboratory sections of the introductory astronomy course by comparing
their ADT results. In both cases the students’ normalized gain on the ADT is higher when taught
the concepts using the interactive techniques.

[. INTRODUCTION

Much work has been done to show the effectiveelassrooms and have helped many students in their
nessof interactive instruction in introductory astrono-learning process. In physics education, studies show
my. Most of this work, however, has focused primarithat clicker systems are effective tools to enhance stu-
ly on interactive activities during a lecture course, e.gdents’ conceptual understanding (Reay et al., 2006).
Prather, et al. (Prather et al., 2009). Very little workn astronomy education, however, similar observations
has been done on the effectiveness of traditional laboare yet to be taken.
atory exercises in astronomy. Jacobi et al. studied the
effect of nighttime laboratories and showed an in-
crease in correct answers on their assessment on ques- The assessment for this study was done with The
tions that were directly related to the nighttime activi-Astronomy Diagnostic Test (ADT). The ADT was
ties (Jacobi et al., 2009)n this work, we investigate developed over a number of years to be a standard
the effect that traditional laboratory activities have onconcept inventory for undergraduate-level introductory
student learning, as well as the practice of using astronomy for non-science majors. The predecessor
classroom response system, “clickers,” to enhance imRstruments to the ADT were the Project STAR As-
teractive learning in the classroom setting. tronomy Concept Inventory and Zeilik's Misconcep-

tions Measure (Sadler, 1992; Sadler, 1998; Zeilik,
1997). The ADT Version 1.0 was a combination of

As experienced by many instructors, the traditionguestions from those two instruments (Zeilik et al.,
al lecture setting is often cost-effective but is not learn1998). The most recent version of the ADT (Version
ing efficient. Encouraging student engagement ha2.0) was released in 1999. The test consists of 33
always been the greatest challenge for instructors iquestions, 21 of which are content and 12 are demo-
large classroom settings. Hake’s study shows tharaphic. The content questions were written in such a
physics courses using interactive methods have a sigray so as to avoid the use of jargon, cover only one
nificant advantage in enhancing student conceptua&bncept per question, and include topics recognizable
understanding over the traditional pure lecture cours® most high school graduates (Hufnagel et al., 2000).
(Hake, 1998). Mazur’'s peer instruction method also
demonstrates that interactive learning is an effective
way to teach introductory astronomy (Mazur, 1997)!l. EXPERIMENT DESIGN

The classroom response system is a natural continua- ) ] ]
tion of the latest trend in college education based on Eastern Kentucky University (EKU) is a compre-

new, emerging technology. The use of clickers autd)€rsivé regional university located in Central Ken-
matically turns a traditional lecture class into an interfUcky. The service region of the university consists of

active teaching and learning environment. In the pad{enty-two counties located in south-central and sou-
ten years, clickers have been adapted into CO”eégeastern Kentucky. The University has approximate-

1 R.E.A.L. 2(01), June 2011 https://realjournal.org © iSTARClassLtd.



ly 16, 500 students with 86% of the students being in-
state residents. One rather unique aspect of the student

; . oo . The Department of Physics and Astronomy
0, -
popL_JIatlon of the university is tha_t about 52% of in PHAS) at EKU offers three introductory astronomy
coming freshmen are first generation college student

opurses. Two of the courses cover essentially the

meaning that neither parent eamed a baccalaureasgme content, solar system astronomy, and the other

ggg{aeﬁc'msMi?yW%fa:h?hS:yS\S\lfiﬁegiz:r?gﬁcgnirﬁaggh'gg?éourse covers stellar astronomy, galactic astronomy
courses. The University is an open enrollment institu"-jmd cosmolog_y. The two solar system astronomy
tion providing an opportunity to students that may othourses differ in that one course, AST 130, is a stan-

. dard three credit-hour lecture and the other, AST 135,
erwise not be able to pursue a college degree. One

rﬁ_ .

h . Nas two hours of lecture and a two-hour associated
0

.SUIt of t.h's s that 28% Qf the unde_rgraduate populatio boratory section. All three of these courses satisfy
is considered non-traditional (defined as 24 years ol

. e general education science requirement of the Uni-
or older). Deming and Hufnagel showed that the Ole\7er:3ity. This study was done using multiple sections of

mographics of introductory astronomy courses MMk th the laboratory and non-laboratory versions of the

the demographics of the home institution (Deming &
Hufnagel, 2001). solar system astronomy course.

Table 1: Demographic statistics of two introductory astronomy courses.

Item Options AST 130 AST 135
Number of Students 154 222
General Statistics Pre-test Average 32% 28%
Standard Deviation 13% 13%
A. Business 5% 10%
23. What is your collegq B. Education 40% 24%
major (or current area d C. Humanities, Social Sciences, or the Arts 13% 21%
interest if undecided)? D. Science, Engineering, or Architecture 8% 8%
E. Other 34% 36%
A. Algebra 56% 68%
24. What was the last mathB. Trigonometry 8% 4%
class you completed prior toC. Geometry 8% 5%
taking this course? D. Pre-Calculus 13% 14%
E. Calculus 15% 8%
A. 0-20 years old 54% 68%
B. 21-23 years old 32% 23%
25. What is your age? C. 24-30 years old 7% 3%
D. 31 or older 7% 5%
E. Decline to answer 0% 1%
A. Female 57% 55%
27. What is your gender? | B. Male 40% 40%
C. Decline to answer or did not attempt 3% 5%
32. Which best describg A. Extremely difficult for me 1%—9% 2%—8%
the level of difficulty you| B. Difficult for me 16%—-44% | 21%—40%
expect/experienced  fron C. Unsure 68%—32% | 68%—30%
this course? D. Easy for me 15%—13% 7%—20%
(Pre—Post) E. Very easy for me 0%—1% 1%—1%

Table 1 shows the demographic data for the twstudents identify themselves as being very good at
courses. The largest difference in the student demmath and science. Most of the students are from either
graphics between the two courses is in their majoa small town or rural area, which is consistent with the
programs. In the non-laboratory course there are service region of EKU. Both courses had a consider-
much higher number of students who identify themable increase in the number students that claimed the
selves as education majors, 40% versus only 24% coburse to be difficult on the post-test versus the pre-
students in the laboratory course. In both courses thest. This is most likely due to the students’ uncertain-
highest level of mathematics taken by most of the stuy of what to expect from the course. This is evi-
dents is Algebra, and a very small percentage of thdenced by the high percentage of students (68%) that
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indicated that they were unsure of the level of difficul-gain on the five questions relevant to the laboratory

ty that they expected at the beginning of the course. activities. AST 135 students had a gain of 29.10%,
which is statistically more significant than the 20.04%
of AST 130 students (one-side t-test p-value = 0.01).

The laboratory activities that are used in AST 135-or clarification, we calculated the difference in the

are a mixture of hands-on activities and computenormalized gain between AST 135 and AST 130. This

based laboratories. There are thirteen laboratoriefata is also shown in Table 2. This suggests that the

throughout the semester. Three of them are computestudents are significantly benefiting from the activity-

based with two using planetarium software and onbased learning environment within the traditional la-

using the Internet. One laboratory session is a visit tboratory setting.

the on-campus planetarium, two laboratories are out-

door observational activities at our on-campus obser-

vation deck, and the remaining seven are hands-digble 2: Comparison of AST 130 and AST 135: Effectiveness of

activities done inside the laboratory. Of the thirteer activities.

laboratory activities, two cover content directly relate Item
to some questions on the ADT. The first is one of th Description | AST 130 AST 131
two activities using the planetarium software. This lah, Number of
; “ ; " . : students 96 149
titled “Starry Night 1,” covers the topics of sunrise an Total
sunset time and location changes over the year, and the Normalized
change in the Sun’s altitude at noon throughout the Gain 18.48% | 19.41%
year. The second is called, “Styrofoam Moon.” Thig No. Normalized Lab Gain*
; _ Wi Gain
laboratory is a hands on activity that uses a Sty_rofoa_ RELEVANT | 20.04% | 29 10%
ball as the Moon and light bulbs as the Sun to investi= Styrofoam
gate moon phages and eclipses. The students move thgs Moon 33.77% |  46.09% 12.33%
ball around their heads to observe how the portion of ,, Starry Night 1| 18.64%| 21,100 > 46%
the ball illuminated changes with its position. Durin _
that process they also simulate lunar and solar eclipseg10 S;f‘t”y ?"ght 1| -4.65%| 8.51% 13.169
. . . yrofoam
Thls_: is a common laboratory used in many different ,,4 Moon 1207% | 22.58%|  10.51%
settings, from K-12 to graduate school. Styrofoam
A19 Moon 40.38% | 47.22% 6.84%
*Lab Gain = AST135 Normalized Gain — AST 130 Normalized
I11. LABORATORY INFLUENCE ON ADT RESULTS Gain

In order to evaluate the effect of laboratory in-

structions, we compared the ADT data obtained from On the questions that cover content related to ec-
AST 130 with that obtained from AST 135 on both prdipses and moon phases, students’ normalized gain in
and post-tests. There are 20 questions on the ADT thABT 135 exceeded 20%. Students’ performance on
are relevant to both courses, and five are covered dhe other two questions, that are related to content in
rectly in laboratory activities of AST 135. Table 2the Starry Night | activity, is not as consistent. The

shows the results of the comparison between AST 138ST 135 normalized gain on question 10 is lower than
and AST 135 for the relevant questions. During thd 0%, which suggests that the gain barely exists. The
Spring 2010 and Fall 2010 semesters, 96 students fro@ifference in gain between the Moon questions and

AST 130 and 149 students from AST 135 participate@ther questions may be explained by the nature of the
the study. activities themselves. The Styrofoam Moon laboratory

IS a hands-on activity, which uses light bulbs and Sty-
rofoam balls to represent the solar system. The Starry
Among the five relevant questions, three of thenNight | activity, on the other hand, is focused on using
(questions 2, 18 and 19) are related to the Styrofoamcomputer software package to learn the motion of the
Moon activity. The other two (questions 9 and 10) aréun and planets in the sky. Although statistical com-
related to the Starry Night | activity. We calculatedparison is impossible due to the limited number of
the normalized gain for the entire test as well as fotems, all three items related to the hands-on activity
these five items. The AST 135 students’ normalizedroduce better results than the two items related to the
gain for the whole test is 19.41%, which is not statisticomputer software activity.
cally higher than that of the AST 130 students
(18.48%). The striking difference, however, is in the
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There is another difference in the two courses that
could contribute to the better overall gain of the AST
135 students; the number of contact hours for the ASaI
135 class is higher than for AST 130. We believe thal, <o are jisted in Table 3. We calculated the nor-

the increased number of contact hours is not a fact% . - L )
: alized gain for each individual item as well as the
for two reasons. First, both AST 135 and AST 130 us ntire test. The results show that use of the clicker

the same textbook, and instructors spend the sa ()e/stem enhances students’ gain on most questions,

ggzﬁggt ?L;lrggntlgcti?ggr Cdri‘f?g:ggc:eegr?e:‘?elitsss oor]: ;[Egome of them significant. Overall, the clicker courses
) tained 21.37% of normalized gain on ADT ques-
number of chapters covered by each course. In AS

; . 0 . -
135, instructors usually cover the first 7 to 9 chapter%l'lv?t?%uglv (r:]lli((::rll elrz 3.\?V?1i/loe Trll?g elg ;hasr:n asilln;;:;:] CV?I:rZ%S

Itgrés-sr.elc?())?ujomi IZSSEFJCtﬁ;SSEgQSggn?S Esrszssslig:taeﬂ?pe that number will increase as instructors gain
' ! 9 y ore experience incorporating the clickers into their

knowledge based on the first five chapters, which 'Rourses. As with any new instructional technique, it

fully covered_ by both courses. W € haye enoug_h Viakes practice for instructors to become comfortable
dence to believe that the significant difference in th

two courses’ gain indicates the effectiveness of 'clctiv?-ind to be most effective.

ty-based learning, specifically hands-on activities.

The normalized gain of Astronomy Diagnostic
est obtained from non-clicker courses and clicker

V.SUMMARY

IV. THE USE OF CLICKERS IN THE ASTRONOMY

CLASSROOM In this study we showed that both the use of tradi-

tional laboratory activities and the use of clickers in

Starting in Fall semester 2010, PHAS began th' teractive lectures have a positive impact on student
use of clickers in all the introductbry level courseseaming. It has been established that interactive me-

which included AST 130 and AST 135. The goal Ofthods are better, but many instructors find it challeng-
this move was to encourage student engagementri{?'rg to make changes to their courses given existing

large-scale classes, and to provide an active Iearnii (;Icl)lgﬁcsztc?rnda;?rsoonugfne&is Ir]:o? S;gg:gl'gty:ﬁeﬁo;rs; fgr
environment for the students. In order to evaluate th Y y P ' P

effectiveness of the use of the clicker system, we COn{ating interactive methods, such as clicker use or tradi-

pared the ADT results obtained in clicker and nonyonal laboratories can improve the student experience

clicker courses. An ideal experiment design would bd! these courses in a more cost-effective way.
comparing two identical courses, one using clickers

and not using clickers, taught by the same instructoh\lD,\lo.l.ESA,\lD REFERENCES:

In reality, this setting never happened. The whole de- '
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