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ABSTRACT

Although traditional lectures are still the dominant form of undergraduate instruction, there have been relatively few
studies comparing various learner-centered and active learning teaching strategies to one another in order to guide
professors in making informed instructional decisions. To study the impact of different active learning approaches,
pre-test to posttest learning gains for students receiving instruction on introductory astronomy solar system topics
through a combination of collaborative learning activities and formative assessment-driven activities were compared
to the gains of students being taught the same topics by traditional lectures only. After traditional lectures, students
improved from a pre-test score of 42% (n=144) to 49% (n=49). After lecture tutorials and classroom voting response
systems improvement was to 73% (n=72) Using a multiple-group comparison approach, similar earning gains were
also observed when using visual-assessment and tutorial activities. Moreover, data from a Likert-style attitude survey
of 264 undergraduates showed that, although they did not report a clear preference for one instructional mode over
the other, the majority of students believed that the active and collaborative nature of the activities helped them learn.
The results of this study add weight to the notion that most modern pedagogies are superior to traditional lecture, and
that although the relative impacts of particular pedagogies are mostly indistinguishable from one another, they are
all are better than traditional lecture alone.

Keywords: Astronomy Education Research; Active Learning; Lecture-Tutorials; Visual-Assessments; Formative
Assessment

education courses across higher education institutions. Considerable criticism, summarized by Bok

(2009) and other higher education scholars like him, is being leveled at colleges and universities for not
providing effective instruction that transforms students into productive members of society who have critical thinking
skills across a wide variety of disciplines. Much of the energy toward reforming introductory courses is specifically
directed toward the domains of science, technology, engineering and mathematics, hereafter referred to as STEM.
Many of the calls for improved STEM teaching at the undergraduate level are the result of national concerns about
insufficient diversity in the STEM career pipelines or national declines in global technological competitiveness, and
are described at length elsewhere (NAP, 2007).

j n recent years, there has been increased attention to improving instruction in undergraduate, general

Although traditional lectures are still the dominant form of undergraduate instruction in most first- and second-year
college courses, STEM professors are becoming ever more open to considering changing long-held traditional lecture
practices to instead try some of the many active-learning and learner-centered instructional strategies available
(Nielsen, 2011). Learner-centered strategies are certainly not new, and there has long been an abundance of education
research supporting the effectiveness of such approaches; however, active learning approaches are still not widespread
across the United States (Adams & Slater, 2002; Bonwell & Eison, 1991; Singer, Nielsen & Schweingruber, 2012).

Student-centered learning environments are most often characterized as students being active participants who are
intellectually engaged in course topics rather than passive listeners. The broad notions of active learning are most
often framed from the principles and learning environments described in the widely recognized and oft cited National
Academy of Science reports on the topic, known generally as How People Learn (Bransford, Brown & Cocking, 2000;
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Donovan & Bransford, 2005). The recommendations from these reports are organized into three overarching teaching
and learning principles: (i) students come to classrooms with existing understanding that is based largely on their
experience that must be engaged before new learning can occur; (ii) to be readily accessed then understood, factual
knowledge must be organized into conceptual frameworks; and (iii) instruction should be based on attempting to have
students take control of their own learning.

The authors of How People Learn emphasize that the most effective faculty have designed well-defined learning goals
and strive to help students frequently monitor their own progress. These principles seem to be required elements in
order for active learning to be effective and preferred by students. The authors of these research-summarizing reports
also describe the importance of creating both learner-centered environments where instruction begins with attention
being paid to what students know, the skills they possess and their attitudes and beliefs, and assessment-centered
environments where instructors seek frequent feedback on what students know and what has and has not been learned
prior to traditional testing.

Unquestionably, there are numerous ways a professor might imagine realizing the recommendations and guidelines
presented in How People Learn. For implementing these ideas in college STEM courses specifically, the most notable
authors are Kober (2015), who provides numerous illustrative case studies, and Fairweather (2008), who provides a
comprehensive list connecting research evidence to specific instructional approaches. At the same time, many studies,
some of which are cited below, repeatedly show that traditional lectures are ineffective when compared to learner-
centered teaching. Although the results are compelling, the majority of these studies do not clearly distinguish which
of the various learner-centered teaching approaches are most effective. In effect, professors who are motivated to
change to learner-centered teaching are left struggling with reasonable questions about which of the available learner
centered teaching strategies advocated by education reformers they should use. In an effort to provide guidance to in-
the-trenches professors teaching introductory STEM classes, this study is motivated by the overarching question of
what is the measurable impact of different active learning approaches in the context of an introductory astronomy
survey course for non-science majoring undergraduate students.

BACKGROUND & CONTEXT

Summarized by the National Research Council, Singer, Nielsen and Schweingruber (2012) eloquently demonstrate
that discipline-based science education consistently shows that college students’ conceptual learning gains are higher
when instruction focuses on engaging students actively rather than when students simply listen and take notes in a
traditional instructor-centered, information-download lectures. Although there are many ways to enact this broad term
of active learning, two specific domains of education research with longstanding research records confirming this are:
(i) collaborative learning groups and (ii) frequent assessments of learning.

Collaborative Learning and Lecture-Tutorials for Introductory Astronomy

Perhaps the longest history of education research studies are those that center on the effectiveness of learning when
working in student groups. Consistently, we see that students working in collaborative learning groups not only learn
more, they also have longer retention and experience more enjoyment of the learning process. (Chickering & Gamson
1999; Lasry, Mazur, & Watkins, 2008, among many others). By being told a smaller amount of information through
lecture and instead allocating more instructional time to exploring the more nuanced ideas of a concept, research
suggests that actual process of and responsibility for learning being moved from the professor to the student
encourages students to be more independent and effective in their learning. In other words, when students explore and
handle data on their own, they relate it to their own experiences, thus becoming the scientists themselves (Weimer,
2002).

At its core, collaborative learning involves students, often of varying levels of skill and achievement, working together
in small groups and being responsible for each other’s learning with the purpose of completing a task or achieving a
goal. Student problem-solving skills can improve, often due to being better able to visualize a problem when presented
with another’s perspective or interpretation. A result of this greater engagement caused by an increased responsibility
for not only their own, but the group’s learning can result in both higher achievement and retention. In more than one
study, students who worked in groups showed significantly greater gains on conceptual questions than students who
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worked as individuals and there were many more positive than negative comments about working in groups (Adams
& Slater, 2002; Gokhale, 1995).

In the domain of the introductory astronomy survey course college students often take to fulfill a general education
distribution requirement common among most US universities teaching, one of the most widespread active learning
instructional pedagogies that leverages collaborative learning is arguably lecture-tutorials which is used by more than
30,000 students each year (Prather, Slater, Bailey, Jones, & Dostal, 2005). Funded by several NSF awards, Lecture-
tutorials (Prather, Slater, Adams, & Brissenden, 2012) are collaborative learning activities that have become very
popular for use in general education introductory astronomy courses (Prather, Rudolph, Brissenden, & Schlingman,
2009). Essentially short student worksheets are carefully designed for students to work with and discover the
conceptual power of scientific models for themselves rather than being lectured to about them. The tutorials consist
of a series of short questions that build on one another, including questions addressing common misconceptions. They
were originally designed for use in large lecture-hall sections with hundreds of students, but can be used, perhaps even
more effectively, with smaller sized classes.

The recommended method Prather and Brissenden (2009) advocate to use of lecture-tutorials is directly aligned with
the Donovan and Bransford’s (2005) recommended guidelines for effective instruction described earlier. Instruction
using lecture-tutorials begins with a short introductory lecture on the topic to set the stage for the lecture-tutorial.
Next, students complete the lecture-tutorials worksheet in small collaborative learning groups over a several minutes
long periods during class with the instructor circulating around the classroom to answer students’ questions. After
completion of the tutorial, a short wrap-up lecture or debriefing is recommended.

Using Formative Assessment for Teaching in Introductory Astronomy

Finding ways to help professors know when students do or do not yet understand an idea as well as helping students
metacognitively recognize when they’ve learned an idea are fully in line with Donovan and Bransford’s (2005)
recommended guidelines for effective instruction. As for designing learning activities, a focus on assessment can
drive student learning by attempting improvement while instruction is still in progress. Brissenden, Slater, and
Mathieu (2001) argue that when posed prior to instruction as a diagnostic, students can see what they will be learning
or what they will be expected to know. This also gives instructors an idea of what students initially know about a
topic, allowing for modifications to the instructional plan. As opposed to only using assessment to summarize a
learner’s achievement at the end of an instructional unit, assessment repeatedly used in a formative way during
instruction gives both students and instructor feedback on whether student knowledge needs to be added to or revised
while there is still the opportunity to do so (Bransford, Brown & Cocking, 2000; Mazur, 2009; Weimer, 2002).
Overall, experienced instructors know that it is often necessary to adjust instructional plans in response to formative
assessment (Keeley & Sneider, 2012).

The most effective formative assessments used in the service of improved student achievement seem to be those that
are low stakes, and do not drastically impact students’ grades. This seems to reduce student anxiety and more often
results in a more honest evaluation of what students do and do not know (Weimer, 2002). If discussions are not
formally evaluated, more students are likely participate, experiencing greater benefit. James, Barbieri, and Garcia
(2008) found that that when involved in high-stake discussion for points or a grade, students are more likely to defer
to the member perceived by others is a group as the ‘smartest’ or ‘best’ rather than take metacogntive risks needed for
improved comprehension.

In the domain of astronomy teaching, the most dominant instructional strategy to give students rapid feedback on their
learning progress is widely known as think-pair-share or “clickers” (Green 2003; Mazur 1997) and has been embraced
by many for learner-centered teaching instructors other STEM disciplines (Duncan 2006, 2007; Prather & Brissenden
2009). In its most common astronomy teaching manifestation, a multiple-choice question is projected on a screen, a
vote is taken from students before they have had the opportunity to review their notes or talk to a peer. If less than
two-thirds to three-fourths respond correctly to an item they are asked to find at least one other student who answered
differently than they did and discuss or debate the question. After discussions die down or start to turn to other topics,
the instructor calls for a second, more informed vote. The second vote will often show dramatically improved results,
sometimes with nearly complete agreement on the correct response. Specific implementations steps are described
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elsewhere (Duncan, 2007; Mazur, 2009; Prather & Brissenden, 2009; Slater, 2013). More to the point, research from
attitude surveys show that most students consider this class time well spent, believing that it helps them learn. This
has been confirmed by research and studies have shown less expensive sets of colored flashcards work as effectively
as electronic systems (Lasry 2008; Prather & Brissenden, 2009).

Leveraging this assessment instructional approach, visual-assessments and tutorials (LoPresto, 2010b) were created
for students to think-pair-share about. Rather than simply being shown pictures and/or diagrams, students are
instructed to construct and/or examine pictures and/or diagrams related to the topics being studied. Topics that lend
themselves to being studied this way are those that are more visual in nature, which includes many in introductory
astronomy as well as other areas of science. This is similar to a pedagogy known as visual literacy tasks (Slater, 2010),
as well as one called a picture tells a thousand words. (Keely & Sneider, 2012).

Taken together, these two broad ideas about teaching—collaborative learning through lecture-tutorials and formative
assessment-driven learning activities—serve as the context for this study of active learning in the domain of astronomy
learning. To help the astronomy teaching community make informed decisions about the impact of various
approaches, pre-test to posttest learning gains for students receiving instruction on introductory astronomy solar
system topics through a combination of collaborative learner-centered activities and formative assessment activities
were compared to the gains of students being taught the same topics by traditional lectures only.

METHOD AND RESULTS

To determine how much students learn from various active-learning teaching approaches compared to traditional
approaches, instruction using lecture-tutorials was compared to instruction by traditional lectures with a pre-test,
posttest research design (Slater, Slater, Heyer, & Bailey, 2015a, p. 45). One hundred forty-four participants agreed to
participate in the initial phases of the study. These student-participants were enrolled in one of several college-level,
introductory astronomy survey courses taught at a large, public, open-enrollment, two-year associate’s degree granting
community college in the urban upper Midwest of the United States. The demographics matched those of the
institution at large: 45% males and 55% females; 37% of students are classified as full-time; and a racial profile of
45% Caucasian; 23% Black; and 25% unreported race. Most (72%) of students are between 17 and 30 years of age,
with an average age of 26 years. Although, the study focused on the teaching of solar system astronomy topics, the
16-week long course included all the topics usually covered in introductory astronomy. Most of the students were
non-science majoring undergraduates.

Specific and purposeful precautions were taken to minimize instructor bias. Data was taken with students in sections
taught by five different instructors and whether the instructors were going to be lecturing or using learner-centered
techniques, discussions between instructors occurred to make sure that all the concepts to be assessed were being
covered adequately. Also, when instructors taught multiple sections that were being assessed, some were taught with
lecture and others were learner-centered. This was to assure that students surveyed were not all hearing lectures or
receiving learner-centered instruction from the same instructor. Pertaining to data collected specifically for this paper;
the corresponding author did teach several of the class sections using visual-assessments but none of the sections using
lecture-tutorials.

Study 1: Impact of Lecture-Tutorials on Solar System Formation

To measure the content knowledge of student-participants, multiple-choice questions about the formation of the solar
system were asked in a pre-test and post-test format. One hundred forty-four participants took the pre-test to establish
the prior knowledge level as an incoming baseline to look for change.

After traditional instruction the same survey questions were given to a subset of n e = 49 students that received a
traditional lecture on the topic. Another separate group of students, n = 72, participated in both the traditional lecture
and then completed a short lecture-tutorial activity covering the formation of the solar system. This research design
is consistent with the multiple-measures research design done in earlier research on the effectiveness of lecture-
tutorials by Prather, Slater, and their colleagues (2005).
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Results for each are shown in Table 1 and in Figures 1 and 2. Table 1 shows percentage of correct responses on each
item on the solar system formation pretest items for all students and the posttest results in each of the two groups as
well as the averages and normalized gains. Normalized gain, g = (posttest% -pretest %) + (100% - pretest%) (Hake
1998; Slater, Slater, Heyer, & Bailey, 2015a, p. 45). It is important to notice in Table 1 and Figures 1 and 2 that
students completing the lecture-tutorial had greater gains on all items compared to those receiving traditional lectures
only. The p-value for a #-test comparing the number of correct and incorrect responses in each group for the seven (7)
items was p= 0. 00009. For one comparing the gains for each group, p=0.00034.

Table 1. Pretest and posttest scores and normalized gains for students receiving lectures only
and those doing both a lecture-tutorial and formative assessment activities on the same topic.

Percentage of students giving correct answers about
solar system formation
After lecture- Gain from lecture Gain from lecture
Pretest After lecture . .
tutorial alone and lecture-tutorial
Item # N=144 Nyecture=49 np =72

1 69 80 83 0.35 0.47

2 36 31 67 -0.09 0.48

3 69 67 86 -0.07 0.55

4 31 55 67 0.35 0.52

5 15 12 64 -0.03 0.58

6 33 43 81 0.14 0.71

7 47 55 64 0.16 0.32
Average 42 49 73 0.12 0.52
Standard Error +7.6 +8.6 +3.7 +0.07 +0.044

Figure 1. Percent of correct responses before (left) and after instruction on assessment items 1-7 on solar system formation by
students receiving lectures only (middle) and those completing both a lecture-tutorial (right) and formative assessment activities

on the topic.
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Figure 2. Normalized gains for assessment items 1-7 on solar system formation for students receiving
lectures only (left) and those doing both a lecture-tutorial (right) and formative assessment activity on the topic.
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Study 2: Impact of Lecture-Tutorial on Understanding Planetary Surfaces

Similar to Study 1 described above, multiple-choice questions about solar system planetary surfaces were asked in a
pre-test and post-test format to measure the content knowledge of all student-participants,. One hundred forty-four
participants (the same 144 from study 1) completed these pre-test items to establish the prior knowledge level as an
incoming baseline to look for change.

Table 2 and Figures 3 and 4 show the percentage of correct responses on the pretest and posttest and the average
normalized gains for ten (10) items that were different from the seven items in the first phase of the study described
above, but the students were the same. As before, students doing this particular lecture-tutorial (LoPresto, 2010a) had
greater gains on all items compared those that received a lecture only. The p-value for a #-test comparing the number
of correct and incorrect responses in each group for the ten (10) items was p= 0. 00115. For one comparing the gains
for each group, p=0.00125.
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Table 2. Pretest and posttest scores and normalized gains for students receiving lectures

only and those doing both a lecture-tutorial and formative assessment on the topic.

Percentage of students giving correct answers about

planetary surfaces

After lecture-

Gain from lecture

Gain from lecture

Pretest After lecture tutorial alone and lecture-tutorial
Item # N=144 Nyecture=49 np =72
1 65 69 92 0.14 0.77
2 8 20 44 0.14 0.4
3 30 22 42 -0.11 0.17
4 17 41 78 0.28 0.73
5 15 29 38 0.16 0.26
6 28 27 65 -0.03 0.52
7 17 8 25 -0.11 0.09
8 28 20 39 -0.1 0.15
9 53 71 82 0.4 0.62
10 21 22 36 0.02 0.19
Average 24.1 32.9 54.1 0.08 0.39
Standard Error +4.1 +6.7 +7.3 + 0.05 + 0.08

Figure 3. Percent of correct responses before (left) and after instruction on assessment items 1-10 on the surface conditions of
terrestrial planets for students receiving lectures only (middle) and those doing both a lecture-tutorial (right) and formative
assessment activity on the topic.
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Figure 4. Normalized gains for assessment items 1-10 on the surface conditions of terrestrial planets for students
receiving lectures only (left) and those doing both a lecture-tutorial (right) and formative assessment activity on the topic.
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Study 3: Impact of Visual-Assessments and Tutorials on Understanding Comets

To better understand if student learning is the result of lecture-tutorial approach specifically, or if variations on active
learning manifested as visual-assessments and tutorials have the same impact on student learning, 251 student-
participants completed a pretest question shown in Figs. 7 & 8 before instruction on the subject of comets where they
were instructed to draw the coma and tail in five places near the sun in a comet’s eccentric orbit showing the relative
sizes of the coma and tail and the orientation of the tail. After traditional lecture-based instruction, 105 students
completed the visual assessment again. To investigate the impact of a visual-tutorial (LoPresto, 2012), in contrast to
a lecture-tutorial, 136 students completed a visual-tutorial before taking the visual assessment again. To be clear, the
traditional lectures introduced students to the diagram of a comet in its orbit that showed changes in the size and
direction of the tail and the size of the coma, which is similar to those used in the visual-assessment and tutorial.

Table 3 and Figures 5 and 6 show pretest results for N=251 students and posttest results for njecn==105 students that
received instruction on comets by traditional lectures only compared to nya=136 students that were taught the topics
with the visual-tutorial. The lectures did include a diagram of a comet in its orbit that showed changes in the size and
direction of the tail and the size of the coma. The p-values in Table 3 are the results of 2 x 2 contingency tests run on
the number in each group answering each item correctly or incorrectly.

Item 1 is the relative sizes of the coma, item 2 are the relative lengths of the tail and item 3 is the directions of the tail.
An example of a correct drawing for all three items is shown in Figure 7. Item 4 is the percentage of student drawings
that reflected a common misconception, shown in Figure 8 that at all points in its orbit, a comet always travels head
first and tail last.
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Table 3. Percentages of students correctly drawing: 1-the coma size; 2- the tail size; and 3- the tail direction of a comet before
instruction and after instruction by lecture only and by the visual-tutorial. Item 4 is the percentage of student drawings that showed
the misconception that a comet always travels head first and tail last at all points in its orbit before and after instruction by each

method. The p-values are the result of 2 x 2 contingency tests run on the number in each group answering each item correctly or
incorrectly.

Percentage of students giving correct
answers about comet orbits
After After visual- | Gain from visual — Gain from lecture and
Pretest .
lecture assessment assessment alone visual-assessment
Item N=251 Nyecture=105 ny,=136 g-lec. g-VA. p-value
1 4.8 6.7 68.4 0.020 0.668 0.0001
2 9.2 16.2 84.6 0.077 0.830 0.0001
3 6.8 58 83.8 0.549 0.826 0.0001
4 66.1 22 7.4 0.0004

Figure 5. Percentages of students correctly drawing: 1-the coma size; 2- the tail size; and 3- the tail direction of a comet before
(left) and after instruction in lecture only- sections (middle) and in sections doing the visual- tutorial (right). Item 4 is the

percentage of student drawings that showed the misconception that a comet always travels head first and tail last at all points in
its orbit before and after instruction by each method.
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Figure 6. Normalized gains, g, on items 1-3 for students receiving lectures only (left), and section doing the visual-tutorial (right).

Normalized Gains

0.900

)

o
00
o
s

0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

Hg-lec.

M g-tut.

Normalaized Gains (g

1 2 3
Item Number

Figure 7. Student drawing showing the correct variations in size of the coma
and tail as well as correct orientations of the tail at different points in a comet’s orbit.
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Figure 8. Student drawing showing the misconception that at all points in its orbit, a comet always travels head first and tail last.

A}.

Study 4: Impact of Visual-Assessment on Understanding Extra Solar Planet Detection

Following the same motivation and study procedures as in Study 3 described above, students participated in a
traditional lecture, or completed a visual-tutorial considering graphs of varying Doppler-shifts in the spectra of
different sun-like stars caused by the presence of unseen planetary companions. Note that graphs appear somewhat
different due to the presence of planets of differing mass, orbital period, orbital eccentricity as well as the presence of
multiple planets.

As a pretest, 284 student-participants were asked to complete a diagnostic visual-assessment in which they were asked
to match choices A-D as shown in Figures 9 and 10.

A massive planet in a close orbit
A massive planet in a far orbit
A lighter planet in a close orbit
A lighter planet in a far orbit.
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Figure 9. Part 1 of the visual-assessment used prior to and after instruction on detection of extra-solar planets.

A

a planet in an eccentric orbit
a multiple planet system
a planet in a circular orbit.

Figure 10. Part 2 of the visual-assessment used prior to and after instruction on detection of extra-solar planets.
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One hundred nine students were surveyed after they received in a traditional lecture on extra solar planet detection
and 137 students were surveyed after they completed the visual-tutorial. The visual-tutorial on extra solar planet
detection focused on analysis and construction of diagrams of how the waveforms of the plots of the changing

Doppler-shifts in the light of a star are affected by planetary mass and orbital properties, including orbital eccentricity
as well as the presence of multiple planets.

Pre-test results and posttest results for students receiving lectures and those completing the visual-tutorial are shown
in Table 4 and Figures 11 and 12. The p-values in Table 4 are the result of 2 x 2 contingency tests run on the number
in each group answering each item correctly or incorrectly.

Table 4. Percentages of students correctly identifying all 4 waveforms in Figure 9 (item 1), all 3 waveforms in Fig.10 (item 2) and
identifying all 7 correctly (item 3) before and after instruction for students receiving lectures compared to those completing a visual-

tutorial on extra-solar planet detection. The p-values are the result of 2 x 2 contingency tests run on the number in each group
answering each item correctly or incorrectly.

Percentage of students giving correct answers
about extra solar planet detection
Gain from Gain from
Pretest Afiter lecture After visual- visual — lect}lre and
assessment assessment visual-

alone assessment
item N=251 Nyecture=105 ny,=136 g-lec. g-VA. p-value
1 25.5 30.7 68.4 0.070 0.576 0.0001
2 43.0 51.5 73.9 0.150 0.542 0.0003
3 10.3 22.4 53.6 0.136 0.483 0.0001

Figure 11. Percentages of students correctly identifying all 4 waveforms in Figure 9 in (item-1), all 3 waveforms in Figure 10 (item

2) and identifying all 7 correctly (item 3) on the pretest (left) for students receiving lectures (middle) and those completing the
visual-tutorial activity (right) on extra-solar planet detection.
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Figure 12. Normalized gains, g, on items 1-3 for students receiving lectures
(left), and students doing the visual-tutorial (right) on extra-solar planet detection.
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Study 4: Student Attitudes about Active Learning

At the end of the course, 264 students completed a Student Attitude Survey after those modeled by Slater, Slater,
Heyer, and Bailey (2015b, p. 53). Table 5 shows the percentage of N=264 students responding A-E on a Likert-scale
item numbers 1-6. For an item 7 on whether they liked lectures or in-class activities better, about 30% of the N=264
students chose tutorials while 26% chose lectures, 38% chose that they liked them both, 4% said they liked neither
and 2% were unsure.

Table 5. Percentage of students responding to A-E on each item of the post-course Student Attitude Survey.

A B C D E
Sg‘g;lf:y Agree Neutral Disagree [S)tlzglglgz

I like in-class activities 46 33 15 34 3.0
1 like lectures 45 28 19 3.0 49
I learn from in-class activities 55 27 11 2.3 49
I learn from lectures 59 27 11 1.2 2.3
I like voting 50 35 12 1.4 1.4
I learn when voting in class 47 37 12 2.6 1.3

The survey also included a space for student-supplied responses. Numerous positive comments about in-class
activities were that they were “hands on,” “forced you to participate” and “led to good discussions.” Also that they
“required thought,” “made you think for yourself,” “allowed you to learn step by step” and that “they make you check
answers as you go.” Although considered by some, “challenging” and/or “confusing,” it was also stated that tutorials
“help you remember,” “gave understanding” and “were satisfying when completed.”

Positive comments about classroom voting activities were that, like lecture-tutorials, activities “led to good
discussions, that “they forced you to get involved which helped you learn better,” and that they were good for review.
There were comments that students liked them being used diagnostically, while others said they did not like them
being used in that fashion. Some even said they were “fun” and/or “game-like.”

There were far fewer negative comments, the most common being that in-class activities should be graded or that an
answer-key should be given. Prather, Rudolph and Brissenden (2009) recommend neither of these options— reasoning

Copyright by author(s); CC-BY 72 The Clute Institute




Journal of Astronomy & Earth Sciences Education — June 2016 Volume 3, Number 1

that once the answers are circulated many students will just find and try to memorize answers, no longer actually
working the tutorials causing them to lose their effectiveness as teaching tools. Several students also suggested that
the in-class activities could be given as homework or given more class-time because people work at different paces
was also mentioned as was that more background on a topic should be given before in-class activities were assigned
and that they were “hard to learn from.” One student indicated that they initially thought that the voting-based visual-
assessments were going to be ineffective, and was serendipitously surprised at the good discussions that resulted from
their use. Another student described them as “annoying, but helpful.” One wished that the questions would be the ones
that would be on the tests.

More general comments about both pedagogies were that they were “both good methods,” “fun, new ways to learn,”
“encouraged hands-on work” and “working together.” Also that they were “useful for different learning styles” and
were good because they helped students see the various topics in more than one way and “solidified the information.”
One student commented that “the combination of lectures and activities were a good-mix of great methods to help us
learn.”

A few students mentioned that although they could learn from lectures, seeing the material in different ways helped
and they appreciated that others might have different learning styles than they did. One student commented that
although they liked lectures, they were hard to focus on and it was good that other teaching methods were employed.
Only a few students made a point of commenting specifically that they preferred lectures.

DISCUSSION

As professors struggle to decide precisely which of the active learning strategies they should adopt to improve
teaching, the results of this study suggest that the specifics do not significantly matter. In this study, lecture-tutorial
activities and visual-tutorials and assessment activities did equally well at improving student understanding.

Comparison of assessment results for both the lecture-tutorials and visual-assessments and tutorials’ when compared
to lectures show students experiencing greater learning gains when engaged in activities. All results were statistically
significant and also consistent with previous research on the use of lecture-tutorials (Prather et al., 2005) and visual-
assessments and tutorials (LoPresto, 2010) and the more general premise that larger learning gains will result when
students are actively engaged and interacting. (Chickering & Gamson, 1999; Gokhale, 1995; Mazur, 1997; Hake,
1998; Bransford & Brown, 2000; Weimer, 2002; Donovan & Bransford, 2005; Lasry, 2008; Lasry, Mazur, & Watkins
2008; Prather et al., 2008; Prather, Rudolph, & Brissenden, 2009).

A possible reason for the success of instruction with lecture-tutorials in that they simultaneously incorporate most of
the recommendations of How People Learn. Since they are designed to be done by students working in small
collaborative learning groups, they are learner and community centered and being geared toward using facts to teach
concepts rather than memorization makes them knowledge centered. Assessments being recommended both prior to
and shortly after use makes them assessment-centered. The same seems to be true for visual-assessments and tutorials.
Since the students do the work in groups, the instruction is clearly learner and community centered and the visual-
assessments are used both diagnostically and formatively so it is also assessment-centered. Completion of the activities
requires the appropriate use of concepts and not memorization of facts, so lecture-tutorials and visual-assessments
and tutorials are also knowledge-centered.

When considering students voting using a think-pair-share approach in this study, the effectiveness of classroom
voting as a strategy for active and collaborative learning is well documented elsewhere and consistent with the data
collected in this study adding weight to those conclusions (Green, 2003; Duncan, 2006, 2007; Lasry, 2008; Mazur,
2009; Prather & Brissenden, 2009). However, student gains in this study were not due to them alone. In earlier trials
to test the effectiveness of the tutorials, students receiving lectures were still out-gained by those doing tutorials even
when classroom response was being used with both groups (LoPresto, 2010; LoPresto & Murrell, 2010).

Moreover, the affective data summarized here showing most students appreciate active-learning approaches is
consistent with other research done on student attitudes about the use of lecture-tutorials (Prather et al., 2005, Brogt,
2007) ,and voting-based think-pair-share-style in-class learning activities (Mazur 1997; Prather & Brissenden 2009).
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Based on the affective data reported here, there is little question that students believe that they learn from classroom
response and enjoy when instructors use it, especially to review class material. Students also perceive instructors who
use them as being willing to take class time to review, which is something students indicated that many teachers will
not take the time to do despite the fact that students find very useful.

Data from attitude surveys does not show students having a strong preference for either lectures or more active
pedagogies, nor that they perceive themselves as learning much better from one or the other. Their comments,
however, offer insight as to why assessments showed students participating in active and collaborative learner-
centered pedagogies achieving higher gains than those receiving lectures. The students referred to being challenged,
forced to think for themselves and getting involved in group discussions as helping them learn. This reflects that what
students think is helping them learn is actually doing things for themselves rather than be told about them and also
working with others instead of alone. This is the very essence of active and collaborative learning, and all indications
from the data presented here suggest that professors implementing active learning should see benefits both in terms
of greater student achievement and enhanced student attitudes.
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