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I. INTRODUCTION (MOTIVATION)

One third of higher education students take at least
one online course (needs ref.). This transition in the de-
livery and organization of material allows for the incor-
poration of a wide array of technologies– from videos, to
blogs, to online quizzes– and can facilitate a sense of com-
munity among learners (ref.)? . Over 75% of academic
leaders rate learning outcomes from online instruction as
the same or superior to those in traditional “face-to-face”
classrooms (ref.)? .

The Department of Education reported that blended
instruction, a combination of online and face-to-face el-
ements, had a larger advantage than online instruction
alone. The added benefit results from creating a support-
ive and collaborative learning environment facilitated by
the instructor (ref.)? . In order to encourage the adop-
tion of blended instruction in Vanderbilt courses, the
Center for Teaching at Vanderbilt University partnered
with the Center for the Integration of Research, Teach-
ing, and Learning (CIRTL) Network to offer the Blended
and Online Learning Design (BOLD) Fellows Program.
In this program, graduate students in STEM disciplines
team with faculty members to develop and integrate on-
line content into their classroom instruction.

In this article we outline the design and integration of
an online module on galaxy formation and investigate its
effectiveness as a learning tool in a graduate astronomy
course. Section II covers the design of each module seg-
ment and assessments of student learning. In Section III,
we report on the effect of student learning and engage-
ment as a result of participating in the online module.
Finally, we provide a summary in Section IV.

a)Electronic mail: lauren.e.palladino.1@vanderbilt.edu

II. DESIGN

In our online module design, described fully in Section
II B, we integrate multiple modes of learning in order
to thoroughly take advantage of the online environment.
With various readings, videos, discussion boards (needs
ref?), and writing (ref.)? and illustrative (ref.)? assign-
ments, we intend to deliver the content in such a way
that will benefit diverse learners.

This module was incorporated into the ASTR 353–
Structure and Dynamics of Galaxies course, which is pri-
marily a graduate level course, although is also cross-
listed as upper-level undergraduate course. The course
is offered typically during the Fall semester and averages
5 − 10 students per semester. For the purposes of this
article, we will focus only on graduate student perfor-
mance, which we caution results in poor statistics due to
the small number of participants.

TABLE I. Fall 2013 Course Demographics

Number of students Area of Specialization
2a Galaxies
2 Stars/Sun
1 Planets

a One of these students did not participate in the module.

A. Assessment/Content

We chose to present the Eggen, Lynden-Bell and
Sandage (ELS) model of galaxy formation (cite) with our
module. This paper is a seminal article in the field and
the model has been a framework for new observations
and theories for decades. Although it is important for
graduate students to be familiar with the ELS model
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after completing a course on galaxies, ELS did not fit
seamlessly with the rest of the curriculum for the course.
Therefore, including the model in a blended forum al-
lowed coverage of the material without detracting from
the flow of in-class lessons.

The activities and assignments within the module are
intended to assess the higher-order cognitive abilities (an-
alyzing, evaluating, and creating) of the students (needs
ref.), as well as to foster active participation amongst the
students.

Before the course began, we established the following
learning goals for the module:

1. Summarize each stage of the ELS model in terms of
timescales, processes, and present-day Milky Way
structure.

2. Calculate the dynamical time of the Galaxy and
reconcile it with the timescales inferred at each
stage of the model.

3. Describe the observational data that was used to
build the model.

4. Contrast the ELS model with new observations and
simulated data.

5. Identify any simplifications/assumptions within the
model and recognize which parts of the Galaxy are
and/or are not explained by the model.

We incorporated a variety of assessment types to en-
gage student learning on a number of levels and through
multiple modes.

We assess the achievement of these goals by comparing
(1) pre- and post-survey responses, (2) in-module sum-
mary essays with final exam summary essays, and (3)
exam essays from previous semester without the module
with exam essays from semester with online module. The
results of these comparisons are outlined in Section III.

B. Module Segments

The module itself is split up into four segments, each
designed to take approximately one week to complete.
Each of the segments, plus pre- and post- surveys, are
outlined below.

Pre-Module Survey:
This short survey is designed to assess the student’s
familiarity and comfort level with the material. We also
ask the students if they agree that the process of galaxy
formation is well understood. See Table II for survey
questions.

Segment 1:
The first assignment in the module is to read the Eggen,
Lynden-Bell, and Sandage (1962) paper. The students
are asked to submit a 3-2-1 response to the reading; in

this task they identify the 3 most important aspects, de-
scribe 2 confusing points, and ask 1 question for the au-
thors. After they read the article, the students write
an essay summarizing the galaxy formation process pro-
posed in the article. They are guided to include relevant
size and time scales and to draw connections to the ob-
served present-day Milky Way.

After identifying the duration of the formation pro-
cess, the students calculate the equivalent time scale
for the Milky Way and compare their results to the
predictions in the article. Finally, a video narrated
by an expert in the field is released summarizing the
take-away points from the article. This video provides
feedback to the students, giving a sense for how well
they summarized the galaxy formation process described
by ELS, and may answer questions posed in the 3-2-1
reading response.

Segment 2:
After the students have read the article, written a
summary, and watched a video describing the galaxy
formation model proposed by ELS, we ask them to
create a visualization of the galaxy formation process.
We provide an optional image bank, although we en-
courage the students to find or create their own images,
and provide basic guidelines about what information
should be included (times, sizes, connections to Milky
Way structure, etc.). Otherwise, instructions for this
assignment are left intentionally vague, allowing the
student to manifest their understanding of the proposed
galaxy formation model.

The students were encouraged to work in pairs for this
module. However, two of the four participants opted to
work individually. A sample visualization is provided in
Figure 1.

Segment 3:
The third segment focuses on the data that was used to
infer the ELS galaxy formation model, and to increase
discussion among the students. First the students write
a short essay describing the data outlined in the article.
Then, the module directs the students to a discussion
board where they respond to the following prompt:

If you had unlimited resources, what data
would you collect in order to best constrain
the formation history of the Milky Way?

The prompt is constructed to encourage the student to
reflect on the data available at the time of ELS and rec-
ognize the limitations that imposes on their predictions
of galaxy formation.

Accompanying the discussion board was a set of very
detailed expectations and requirements for participation
(See Appendix– include instructions in an appendix!–
Kelly, do you still have access to the module on the new
BlackBoard? I don’t & can’t get the instructions....). For
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FIG. 1. caption text here.

more details on the execution of the discussion boards
see the Results section.

Segment 4:
The fourth segment also encourages student discus-
sion and focuses on more recent research studies that
both support the ideas of ELS and also disprove their
proposed theory of galaxy formation. The structure
of this segment is reversed from the previous segment.
The students are first given access to another video
narrated by an expert in the field that outlines the
current research on galaxy formation and how those
result relate to ELS. Then, after watching the video, the
module directs the students to another discussion board
in which they respond to the following prompt:

What questions about galaxy formation re-
main?

This prompt is designed to promote/cultivate the notion
that the process of galaxy formation is not yet fully

understood.

Post-Module Survey:
This survey is very similar to the Pre-Module Survey.
It repeats the questions asked in the Pre-Survey, and
adds a series of questions asking the students about
their learning experience; see Table 3. We collect this
information to identify which segments were most useful
to the students and to guide us in future modifications
of the module.

III. RESULTS

A. Cognitive Outcomes

In the design of the four segments, we ensured that
we addressed each of the learning goals listed in §II A
with the assignments and activities presented to the stu-
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dents. Many of the learning goals are advanced/complex
and therefore we constructed the in-module activities to
target the learning goals multiple times through varying
approaches. Table # XYZ lists each of the activities pre-
sented in the module, the learning goal(s) addressed, and
the level of Bloom’s cognitive learning domain (cite) that
we intended the students would reach by completing the
activity.

The initial summary essay in Segment 1 specifically
addresses Learning Goal 1 in which students summarize
the stages of the galaxy formation model. This, being
the first activity of the module, is a relatively simple
exercise requiring the students to organize their interpre-
tation of the process proposed in the article, and outline
each stage relative to our home galaxy. Writing this es-
say provides the students with a basis on which to build
their learning. Therefore we aimed for the students to
achieve the Comprehension level – to be able to para-
phrase/summarize/rewrite the findings of the authors in
their own words. As shown in Table #, this activity was
successful, with 100% of students able to comprehend the
ELS model.

Also in Segment 1 was a math problem designed to ad-
dress Learning Goal 2 and required the students to refer
back to previous class lessons to identify and correctly
employ the appropriate equation to describe the dynam-
ical timescale of this system. Here, we intended the stu-
dents would achieve the Application level such that they
would solve a problem by applying a technique presented
in class to this particular situation. Again, this activity
was successful as 100% of the student population reached
the intended level.

The visualization activity in Segment 2 was the first
non-trivial assignment of the module. In this segment,
we similarly target Learning Goal 1, but this time we
approach it from a different direction and allow the stu-
dents to creatively manipulate their understanding into
a visual representation. Details on the design of this seg-
ment are outlined in §II B. The activity was successful at
bringing the students to the intended Analysis level by
diagraming/illustrating their understanding through the
organization of the components of the galaxy formation
model. The visualization also allowed us to easily iden-
tify any misconceptions about the model, and for some,
this particular exercise allowed the students to correct
errors for themselves. For example, Student B reported
that the initial radius of the gas cloud was 300 kpc in the
Segment 1 summary essay, then corrected it to 100 kpc
for the visualization. The correct initial radius reappears
on Student B’s final exam essay.

However, we hoped that the students would embrace
the opportunity presented with the visualization, despite
the unrestrictive guidelines, to create a ‘complete’ fi-
nal product. While each of them fully participated in
the assignment as instructed, none of the visualizations
that were created could stand alone, out of context, and
convey the galaxy formation process of ELS to an un-
initiated audience.

The essay at the beginning of Segment 3 was intended
to address Learning Goal 3 and get the students to the
Knowledge level by identifying the data the authors col-
lected and subsequently used to inform their model of
galaxy formation. This activity was also successful at
achieving the intended level for 100% of students.

The discussion board in Segment 3 was rather ambi-
tious. We designed the prompt to the discussion board
such that it would target Learning Goals 3, 4, and 5.
Learning Goals 3 was a natural extension in this seg-
ment since we started with a simple identification activ-
ity. Learning Goals 4 and 5 required more work on the
part of the student. Satisfactory participation in the dis-
cussion board would result in achievement of both Appli-
cation and Synthesis levels. Our intent was that students
would take what they know about galaxies in general,
identify what is still unknown about galaxy formation,
and construct a new research plan that could answer the
unsolved questions.

50% of the students achieved the Application level with
this activity. One did not contribute to the board, and
one only offered vague generalizations. The others iden-
tified telescopes that could give them the data they be-
lieved necessary and created modest research plans with
justifications for their choices. For example:

...if I wanted to best constrain the formation
history of the Milky Way, I would observe
every single M dwarf that is observable from
our point in the Milky Way. By observing
the kinematics of M stars, we would be able
to completely map the kinematic motion of
the Galaxy because they are among the most
numerous kind of star in the Milky Way.

Just about all stellar populations contain M
dwarfs, and if we could observe them across
the Galaxy, we would be able to better com-
prehend the structure and morphology of the
Milky Way... (Student B)

However, each of them failed to achieve Synthesis. At
best, they only repeated pieces of ELS’s design with
minor modifications. The students did not address
other unanswered questions or take account of other re-
search/literature/observations about known Milky Way
structure (i.e. dark matter, supermassive black holes, the
counter-rotating halo and streams, etc.). One student
included in their post a way they could gather evidence
that would help solve star formation theories, instead:

...fully appreciating the lowest-mass stars in
the Galaxy would shed light its [initial mass
function], and that would be awesome. (Stu-
dent B)

The second discussion board in Segment 4 was also in-
tended to address Learning Goals 4 and 5 and designed
to get the students to the Analysis and Synthesis lev-
els. By asking “What questions about galaxy formation
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remain?” students would have to gather all of the evi-
dence presented within the module and then refer back
to what they learned elsewhere: in previous lessons, other
courses, personal research experience, department jour-
nal clubs, etc. Our intention was for students to inter-
nalize the fact that astronomers do not yet know, com-
pletely, how galaxies form.

Unfortunately, this particular activity failed in all as-
pects. Instead, students offered their opinions on whether
or not the model proposed by ELS should be abandoned
entirely. While it is a fruitful discussion to have, and one
that may be incorporated in future editions of the mod-
ule, it did not center on our learning goals as heavily as
the assigned prompt. As shown in Table #YYY, none
of the students were able to reach the intended Analysis
and Synthesis levels of this activity. However, 100% of
students did achieve the Evaluation level, granting merit,
or not, to the ELS model. Here we show examples of the
Evaluation level:

I think that given the recent data of stars and
galaxies, the ELS model of galaxy formation
should be abandoned due to the overwhelm-
ing evidence of Hierarchical formation. (Stu-
dent A)

I disagree completely. Even though the ELS
model is out of date and the newer mod-
els may provide better results in certain as-
pects... the energetic gas that is left will col-
lapse and have star formation exactly as ELS
predicts. Therefore, the ELS model cannot
be discarded. (Student D)

The final in-module activity was the essay in Segment
4. Here, we address Learning Goals 1, 4, and 5. The
intention of this piece was to get the student to the Eval-
uation and Synthesis levels. A complete essay would re-
summarize the galaxy formation process, like the Seg-
ment 1 essay, incorporate a discussion of the ways in
which the model is still valid, and also draw from sources
beyond the module to identify simplifications of this sys-
tem. The students were able to re-iterate the overall
galaxy formation process described by ELS. Three of the
four students also criticized the validity of the model, and
thereby achieve the Evaluation level, by identifying new
results that counter the statements of ELS. For example:

With more recent and more resolved obser-
vations of stars beyond the solar neighbor-
hood, computer simulations have shown that
the formation of Milky Way model galaxies
happened from a 10 billion year time scale of
gas collapse, where ELS said it would take
only 1 billion year time scale. Unlike the
ELS model, the current computer simulations
of galaxy formation took account of events
such as minor satellite mergers and super-
novae feedback. (Student A)

FIG. 2. Distribution of students scores on the final exam question
corresponding to content covered in the online module for Fall 2012
and Fall 2013. Preliminary t-test on this data (including the under-
graduate’s score) indicate that the two samples are not statistically
significant, with a p value of 0.86 (p < 0.05 generally accepted as
statistically significant differences). REDO t-TEST

However, students only considered evidence that ar-
gues against the model that was presented in the second
video within the module. No student drew additional in-
formation from beyond the in-module video to create a
complete discussion of how this seminal work fits into the
larger context of galaxy formation and ongoing galactic
research. Consequently, this activity did not progress the
students to the Synthesis level.

Therefore, we conclude that the module was successful
in achieving Learning Goals 1, 2, 3, and 4. Unfortu-
nately, our module design failed to draw out students’
ability to fully satisfy Learning Goal 5 (I want language
here that unambiguously coveys the fault is in the module
design...not the students’ ability). We propose a number
of modifications to improve the design in §IV.

B. Concept Understanding

Since we are working with very small numbers, the
t-tests (re-do these!) are not able to determine if
differences in the samples are statistically significant,
we nonetheless provide a quantitative analysis of scores
earned as a result of the online module presented here.
In Figure 1, we compare the exam scores (only for the
question pertaining to the ELS model of galaxy forma-
tion) from Fall 2012 during which ELS was taught with
the traditional lecture-style and Fall 2013 during which
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TABLE II. Survey Results.

Survey Question Pre-Module response Post-Module response
Astronomers know how galaxies form. Strongly Agree 0 0

Agree 50% 75%
Neither Agree nor Disagree 50% 0
Disagree 0 25%
Strongly Disagree 0 0

I feel comfortable explaining the ELS model Strongly Agree 0 25%
to a member of the general public. Agree 0 75%

Neither Agree nor Disagree 0 0
Disagree 75% 0
Strongly Disagree 25% 0

I feel comfortable explaining the ELS model Strongly Agree 0 0
to another astronomer. Agree 0 100%

Neither Agree nor Disagree 0 0
Disagree 50% 0
Strongly Disagree 50% 0

FIG. 3. Individual student trends comparing performance on the
Segment 1 essay and the final exam essay. Error bars represent
the range of grades awarded by 4 independent graders according to
the same rubric used for the Fall 2012 final exam essay, described
further in §III B. Grey lines show the class average for Segment 1
(dashed) and the final (solid).

the sequence of online modules presented here was used.
We note that no student earned a score less than 80% in
Fall 2013, while nearly half of the Fall 2012 class earned
less than 80% on that question.

The grading rubric was designed for the final exam in
Fall 2012 for which ELS content was delivered with a tra-
ditional lecture. For consistency, and a fair comparison,
we used the same rubric on the Fall 2013 final.

[does this go here?]The particular rubric used does not
necessarily align with the learning goals (and intended
Bloom’s cognitive learning domains) of the online module
described here since it was generated and implemented
well before the initial planning stages of the online mod-
ule. However, we have identified the avenues in which the

content was delivered within the module and assessed the
module’s effectiveness at conveying the content to stu-
dents, outlined in Table V. The concepts that the mod-
ule failed to convey/deliver/communicate/express to the
students, namely the velocities and relative numbers of
stars observed, were not explicitly presented within the
module. Rather, the concepts were discussed generally,
without emphasis, and in language such that the prin-
ciples could be inferred by invoking fundamental astro-
nomical relationships. To this end, we are not surprised
or disappointed in the module’s inadequacies related to
the concept delivery assessed by this particular rubric.

In addition, to track learning over the course of the
module, we compare the Segment 1 Summary essays with
the Fall 2013 exam essays pertaining to the ELS model
for the same student population in Figure 2. Scores for
this comparison were derived, anonymously, using the
same rubric as that for the exam by 4 independent par-
ties. This comparison shows overall growth in student
performance over the course of the online module. Up-
date: At the start of the module student scores averaged
XY (dashed grey line). After completion of the module
student scores averaged YZ (solid grey line).

C. Student Perceptions (of how module components
contributed to their learning)

Overall, students felt that participating in the mod-
ule significantly contributed to their learning of the ELS
model. As shown by Table III, 100% of students found
all types of activities included in the module beneficial,
except for the discussion boards which we examined thor-
oughly in Section XYZ. The activity that appears to have
provided the greatest advantage for students’ perceived
learning was creating the visualization in Segment 2, with
50% of students strongly agreeing that the activity was
valuable to their learning.
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D. Descriptive Section Heading? (Interesting things from
Case studies; “Inconsistent Outcomes”?)

The small number of students that participated in the
module allowed us to develop individual case studies
in which we can track each individual’s learning gains.
By tracking individual students’ progress and activity
throughout the module we were able to identify some
interesting and inconsistent outcomes. A couple of ex-
amples are presented below.

Both cases presented here demonstrate an apparent
disconnect between the reading response and the sub-
sequent module activities and illustrate the need for
more consistent, targeted feedback throughout each of
the module segments. The importance of feedback is dis-
cussed more in section IV. A.

Student B:
This student approached the module informally, with a
colloquial/conversational tone evident throughout. Ex-
amples of this are shown by the following selection of
excerpts:

“What gives??[...]It seems like they are
‘sweeping details under the rug’...” (confus-
ing point in 3-2-1 reading response)

“What do you think, expert?” (question for
the authors/expert in 3-2-1 reading response)

“I would like to muse on the question first.
Unlimited resources. What amazing feats
could be envisioned by unlimited resources!
Or even, what utter madness...” (first discus-
sion board)

“Ah, the ELS model...” (final exam essay)

Interestingly, this student offered “UV excess” as both
one of the most important aspects of the paper and also
one of the confusing points in the 3-2-1 reading response,

“I was terribly confused with “UV excess”
throughout the paper. They offered little ex-
planation and NO references”

Yet, the student never mentioned “UV excess” again
through the entirety of the module assignments.

Similarly, in the 3-2-1 reading response this student
wondered what the observed age range of Milky Way
globular clusters is and what that implies for the validity
of the ELS model, but never addresses this insightful
complication anywhere else in the module– even after
the answer is provided in the second video and confirms
the student’s suspicions.

Student C:
Student C showed many signs of confusion throughout
the module. Beginning with the reading response, the
student offered an entire section of the article as one of

the most confusing points but made no attempt to de-
scribe what was confusing within the section. This stu-
dent also did not ask a question of the authors admit-
ting lack of sufficient understanding with the following
excerpt:

Don’t have any at the moment. Maybe if I
had a better grasp (meaning read the article
over 8 more times) I would have more com-
plete questions.

Likewise, this student mentions “UV excess” in all
three of the most important aspects part of the 3-2-1
Reading response, but does not mention it anywhere in
the Summary essay. The Summary essay itself showed
evidence of slight confusion in that it was mildly disorga-
nized and contained errors with causation. For example:

The older halo stars in the globular clusters
formed early since they were on radial trajec-
tories that made them have less metallicity
by location.

While it is observationally confirmed that older stars have
lower metallicity than younger stars and live on more
radial orbits, it is because they were formed early, so
therefore have eccentric orbits and low metal content–
not that the radial orbits lead to early formation or low
metallicity.

Further evidence implying confusion is that Student C
did not post on the first discussion board. Therefore, we
cannot be certain that this student ever visited the board
even just to read the posts written by classmates.

These signs continue to the essay on the final exam.
Student C is the only one who opted not to include a
drawing in support of their essay. Moreover, large sec-
tions of the final exam essay are taken directly from the
Module 1 Summary essay (which also largely resembles
the article itself), albeit with minor language differences,
exhibited by the following excerpts:

The Eggen, Lynden-Bell, and Sandage (ELS)
model of galaxy formation talks about the
formation of the Milky Way galaxy. So in
the first stage the galaxy starts out in a
rapid collapse of a rapidly rotating proto-
galactic cloud or nebula of very low metallic-
ity. This happened approximately 1010 years
ago. It might have already been rotating and
so would acquire angular momentum from the
“couples exerted by nearby condensations.”
Module 1 Summary

–vs.–

The ELS model of galaxy formation talks
about the formation of the Milky Way. First
stage, the galaxy starts out in a rapid col-
lapse of a rapid rotating proto-galactic cloud
or nebula of very low metallicity. This hap-
pened approximately 1010 years ago. It might
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have already been rotating and so would ac-
quire angular momentum. final exam

And,

With increased density the star formation
rate increased. The first generation of these
stars enriched the remaining gas with heavy
elements and so would feed later generations.
The older halo stars in the globular clusters
formed early since they were on radial trajec-
tories that made them have less metallicity
by location. Segment 1 Summary

–vs.–

With increased density the star formation
rate increased. The first generation of these
stars enriched the remaining gas with heavy
elements and so would feed later generations.
The older halo stars in the globular clusters
formed early since they were on radial trajec-
tories that made them have less metallicity
by location. final exam

Unfortunately, based on the evolution presented, Student
C showed minimal growth in conceptual understanding
beyond Segment 1 and the initial reading of the article,
contrary to the results shown in Figure 2.

IV. SUMMARY & DISCUSSION

Overall we found the online module to be a successful
method of delivering course content. The module assisted
student achievement of four of the five learning goals.
Incorporation of the online module also showed improve-
ment in student performance on the relevant final exam
question. The final learning goal (Identify any simplifica-
tions/assumptions within the model and recognize which
parts of the Galaxy are and/or are not explained by the
model.) was perhaps the most complex and highest level
of Bloom’s cognitive domain, and was unsuccessful for a
number of potential reasons.

Prominent components of the Milky Way’s structure–
dark matter, bulge, bar, supermassive black hole,
counter-rotating halo, accretion, etc.– that may contest
the validity of the formation model were not presented ex-
plicitly in-module, or in-class in the context of the model.
This, in conjunction with the students’ failure to appro-
priately participate in the 2nd discussion board may have
contributed to the module’s weakness as it pertains to the
fifth learning goal.

A. Informal Assessment of Module Success

On two separate occasions, two different students were
able to verbally explain the formation model outside of

the context of the course: one student did so after com-
pleting Segment 1 of the module, and also said “[the mod-
ule] made me learn it;” the second student explained the
formation process proposed by the model during the fol-
lowing semester, exemplifying retention on at least the
order of months, which was not something we intended
to assess.

However, informal conversations with students
throughout and following completion of the module
revealed that they felt as though it was largely “busy-
work”, in part due to the lack of feedback and/or
grades on the completed assignments within the module.
Other student frustrations were expressed in terms
of the purpose and expectations for completing the
online module as they reported that the expectations–
instructions, rubrics, due dates– were not explicitly (or,
perhaps, sufficiently) discussed in class.

B. Importance of Feedback

Feedback is an important component of any assign-
ment. Students expect it and benefit from it. The success
of the online module presented here may be improved
with increased instructor feedback. At the very least,
the students were frustrated with the amount and type
of feedback that they received throughout the module,
which led them to the perception that the module was
not a significant component of the course material.

Additionally, regular feedback could have corrected ba-
sic errors and areas of confusion. For example, early in
the module there was evidence of confusion about the
initial size of the gas cloud, R0, that ultimately formed
the Milky Way. The correct value should be around 100
kiloparsecs (kpc). In Segment 1, only Student D reported
an appropriate value for R0. Students A, B, and C stated
10 kpc, 300 kpc, and nothing, respectively. In Segment
2, the visualization, however, only Student A misquoted
R0, this time as 1000 kpc which is two orders of magni-
tude different from their answer in Segment 1.

Alarmingly, this apparent self-correction did not per-
sist throughout the duration of the module. In the essay
about the ELS formation model on the final exam, Stu-
dent A repeated 1000 kpc and student C did not state
R0 at all. Students B and D, who collaborated during
Segment 2, retained the appropriate R0 on the final.

C. Future Modifications

We intend to implement the online module again the
next time that ASTR 353 is offered. In this section we
outline some of the improvements we hope to incorporate
for the second offering.

First and foremost we will address the issue of feedback
discussed in the previous section. We expect a small
amount of class time, even 5 − 10 minutes, spent dis-
cussing students’ concerns and progress regarding the on-
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TABLE III. Student Experience.

Survey Question Post-Module response
Completing this module Strongly Agree 25%
was valuable to my learning. Agree 75%

Neither Agree nor Disagree 0
Disagree 0
Strongly Disagree 0

Reading the article Strongly Agree 0
was valuable to my learning. Agree 100%

Neither Agree nor Disagree 0
Disagree 0
Strongly Disagree 0

Writing summaries Strongly Agree 25%
was valuable to my learning. Agree 75%

Neither Agree nor Disagree 0
Disagree 0
Strongly Disagree 0

Creating a visualization Strongly Agree 50%
was valuable to my learning. Agree 50%

Neither Agree nor Disagree 0
Disagree 0
Strongly Disagree 0

The discussion boards Strongly Agree 25%
were valuable to my learning. Agree 0

Neither Agree nor Disagree 25%
Disagree 50%
Strongly Disagree 0

Watching the video(s) Strongly Agree 25%
was valuable to my learning. Agree 75%

Neither Agree nor Disagree 0
Disagree 0
Strongly Disagree 0

line portion will increase student participation in-module
and in-class. We hope that this change would also im-
prove students’ perception of the importance of the mod-
ule overall.

Additionally, we plan to make the following modifica-
tions:

• Reinforce and repeat directions in multiple places
within the module and in class. While directions
were clearly stated at the beginning of each mod-
ule segment, students admitted that they did not
read the directions that were provided. As a result
students were unaware of how to fully participate
and therefore earn credit for the module.

• Emphasize the importance and purpose of discus-
sion board participation in class, and by monitoring
and contributing to responses in order to provide
additional feedback. Perhaps, we will also allow
more time for posting and responding to discussion
boards. We noticed that, in this inaugural run of
the module, discussion boards were treated more
as just another way to submit answers, and did not
result in the sort of back-and-forth associated with

a proper discussion.

• Place a higher incentive on post-survey participa-
tion. Only 1/4 students took post-module survey
upon completion of the module. We were forced
to solicit survey responses retroactively for those
that did not submit responses during the module.
Pre-surveys had to be submitted before Segment 1
content was released, however this was not true for
post-surveys as they were to be taken after comple-
tion of all module segments.

• Add an open text box for student suggestions for
improving the module. All of the student feed-
back regarding the implementation of the module
discussed here was received via informal commen-
tary. A formal process for acquiring feedback would
be beneficial to the module and allow students an
avenue to express their opinions of the module’s
strengths and weaknesses, and ultimately lead to
further improvement.
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TABLE IV. Module Effectiveness by Activity

Learning Intended % of Students
Activity Goals Bloom’s Level Achieved Level
Summary Essay 1 Comprehension 100%

Math Problem 2 Application 100%

Visualization 1 Analysis 100%

Data Essay 3 Knowledge 100%

Data Discussion Board 3,4,5 Application 50%
Synthesis 0%

New Sim. Discussion Boarda 4,5 Analysis 0%
Synthesis 0%

Synthesis Essay 1,4,5 Evaluation 75%
Synthesis 0%

a See §XYZ, students failed to react to given prompt.
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TABLE V. Module Effectiveness by Concept

Rubric Element Content Delivered Assessment Did it Work?
(Points Possible) in module (Students got credit on final)
spherical collapse Segment 1: Segment 1: Essay
(25) Article & Video Segment 2: Visual 100%

Segment 4: Segment 4: Essay
Video

metallicity Segment 1: Segment 1: Essay
(25) Article & Video Segment 2: Visual 100%

Segment 4: Segment 3: Essay
Video Segment 4: Essay

disk rotation Segment 1: Segment 1: Essay
(20) Article & Video Segment 2: Visual 100%

Segment 4: Essay
evidence against Segment 1: Segment 4: Discussion
(10) Article Segment 4: Essay 75%

Segment 4:
Video

velocity dispersion Segment 1: Segment 1: Essay
(*random energy) Article & Video* Segment 2: Visual 0%
(5) Segment 4: Segment 3: Essay

Video* Segment 4: Essay
relative # of stars Segment 1: Segment 1: Essay
(*star formation) Article & Video* Segment 2: Visual 25%
(5) Segment 4: Segment 4: Essay

Video*
eccentricity Segment 1: Segment 1: Essay
(5) Article & Video Segment 2: Visual 75%

Segment 4: Segment 3: Essay
Video* Segment 4: Essay

timescale Segment 1: Segment 1: Essay
(5) Article Segment 2: Visual 50%

Segment 4: Segment 4: Essay
Video

* Content was delivered implicitly, presented with synonymous jargon or correlated data.


