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Recent Evolution and Status of Online Homework
Systems for Teaching Introductory Astronomy

Timothy F. Slater2*

Abstract

Internet-delivered, automatically-graded, online homework systems are becoming ever easier
for college science teaching faculty to adopt and integrate into existing learning management
systems. In this sense, online homework systems have great potential to extend the amount
of time on task students allocate to learning astronomy without overburdening already overex-
tended, busy professors. At the same time, the systematic education research surrounding
the use of online homework systems is less conclusive, with both benefits and disadvantages
being reported in the literature. Moreover, some student advocates lament the financial burden
to students and the negative optics about instructors’ commitments to teaching. In the end, an
ASTRO101 professor’s decisions about whether or not to adopt online homework systems are
complex and insufficiently supported by compelling education research data and by and large
depend heavily on both a professor’s teaching philosophy and the academic context in which

the students are learning.
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Introduction

In a concerted effort to enhance the introductory as-
tronomy survey course, well-meaning faculty have
long endeavored to engineer student behaviors to
increase their students’ achievement. Absent spe-
cial circumstances, the traditional student-based
formula for student participation in most general
education courses for undergraduates is: (i) go to
class and take notes; (ii) skim the textbook; and (iii)
review notes or provided study guides before the
exam; and then (iv) forget everything temporarily
learned. Knowing that a student’s attendance record
is positively correlated with test performance, some

faculty require students to attend class, penalizing
those students who skip class. Knowing that a stu-
dent’s performance can be improved by providing
detailed exam-review guides, some faculty provide
students with a formally written outline of the major
topics that are likely to be covered by an upcom-
ing exam. Knowing that students who are actively
engaged in thinking about astronomical concepts,
some faculty try to move students from a passive-
listening posture during class to an intellectually
engaged orientation by having students discuss con-
cepts with their peers. These engineered student
behaviors, among many others, are firmly grounded
in the notion widely advocated by long-time as-
tronomy instructors Slater and Adams (2002, 2016)
that, “it isn’t what the teacher does that matters—it
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is what the students do.”

For many faculty, the teaching of general edu-
cation, introductory astronomy survey courses for
non-science majoring undergraduates—hereafter re-
ferred to simply as ASTRO101—differs in large
parts from the typical approach to teaching the un-
dergraduate introductory physics course sequence.
Of many differences between the two courses, in-
cluding that ASTRO101 is typically filled with non-
STEM majoring undergraduates as compared to
introductory physics which almost exclusively en-
joys seats filled with enthusiastic STEM majors,
the ASTROI101 instructors by and large do not
rely on students devoting many hours each week
wrestling with outside of class time homework sets
characterized by solving numerical problem after
numerical problem. Instead, the majority of AS-
TRO101 faculty by and large do not assign daily or
weekly homework to be graded. Although there
are certainly exceptions, ASTRO101 faculty do
not assign students homework in the same way
as physics instructors because, as but one reason,
ASTROI101 faculty often teach large-enrollment
courses and lack grading assistance in the form
of graduate teaching assistants. Moreover, as AS-
TRO101 courses are largely conceptual in nature
rather than calculation-based mathematically in-
tense courses as is typical for physics courses, AS-
TRO101 narrative-based homework tasks can be
more difficult and time consuming to grade than
traditional numerical answer-based physics home-
work. Because of these challenges, along with other
pragmatic reasons far too numerous to describe ex-
haustively here, the tradition of students submitting
pages and pages of hand-written homework solu-
tions in ASTRO101 is not widespread.

At the same time, ASTRO101 faculty generally
have some tacit sense that students who spend more
time dedicated to studying and thinking about as-
tronomy are usually better positioned to be more
successful and to learn more than those students
who spend less time thinking about astronomy. Un-
der the broad category of “time on task”, educa-
tion researchers agree, and the research literature
has consistently confirmed the idea, that students
who spend more time immersed in thinking about
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a subject simply learn more than those who do
not (Chickering and Gamson 1987). Given both
a natural sense and a robust research-base that stu-
dents would benefit from spending time outside
of class thinking about astronomy, dedicated AS-
TRO101 faculty have been searching for solutions
ranging from developing flipped astronomy class-
rooms where students learn new information out-
side of class and come to class to practice applying
their new knowledge (viz., Bishop et al. 2013 and
references therein) to coming up with innovative
hand-grading systems that dramatically reduce the
amount of time needed for faculty to hand-grade
ASTRO101 homework (Slater 2005).

The appeal for faculty to assign outside of class
homework is obvious. For one, assigning students
to complete homework outside of class naturally ex-
tends the amount of time—time on task—students
spend thinking about astronomy. For another, re-
searchers such as Walberg et al. (1985) have clearly
demonstrated in two-group comparison studies that
graded homework improves student learning more
than ungraded homework. Yet, at the same time,
Penner et al. (2016) found that, as experienced fac-
ulty have tacitly feared, students all too often ap-
proach their homework assignments without read-
ing the book and, even more worrisome, that unlim-
ited attempts when using online homework seems
to actually reduce student effort. Speaking of online
homework system specifically, Gaffney et al. (2010)
report that computer graded homework further im-
personalizes a course and rarely enhances student
satisfaction.

Nonetheless, a broad swath of the ASTRO101
teaching community has long hoped for an emerg-
ing technology-based solution that would simulta-
neously engineer student behaviors to engage in
thinking about astronomy while simultaneously not
require an extraordinary amount of effort on the part
of busy faculty. In other words, as one solution of
many possibilities in the solution space, ASTRO101
faculty have long hoped for easy-to-use, automati-
cally graded homework systems to become widely
available to support students’ enhanced achieve-
ment of astronomy. One naturally wonders, given
the rapid evolution of emerging Internet technolo-



Recent Evolution and Status of Online Homework Systems for Teaching Introductory Astronomy
—3/9

3 http://session.masteringastronomy.com;/myct - Microsoft Internet Explorer

File Edit ‘ew Favorites Tools Help

Back » = - (3 at | Qi search  [GFavorites  @Media ¢4 | B S e

Address I@ http:f{session, masteringastronanmy, com/myck

MﬁeflngASTRONOMY o . S 0 . C o Bcnilett.-'Dol‘l.;]huc_-'Schneidcl.-'\"oit The

(‘home [constants [ tools [help [credits [log out

STP Sorting Task: Patterns among Stars Difficulty: 2 Time: 2m Action: | (select action]

i®'"" & Sorting Task: Patterns amongStars  EdwardPrather B

Part A -

[ current ®

RSB [ ted below are characteristics of stars and particular positions on the H-F diagram that allow a star to be classified as a giant star, a main-sequence star, or a white

dwratf. Ilatch these to the appropriate category.

very cool but
very bright

not much larger in radius than
Earth

a very hot and
very bright star

the Sun, for example

very hot but very dim

in our galaxy H-R diagram

the majority of stars [ found in the upper right of the

Red giant or supergiant stars Main-sequence stars White dwarfs

et o]
: : |

&) Done l_l_l_le Internet

gsor] |4 8 5@ VB AHEHEHEHATEEEE (5 CCaTes R e wm

Figure 1. An Illustrative Screenshot Example Of MasteringAstronomy Online Homework System,

adapted from Slater (2007).
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System

gies, is the long-awaited time for robust, online
homework systems for ASTRO101 finally here?

An Oversimplified History of
Online Homework Systems for
ASTRO101

One way to conceptualize the motivation for
developing online homework systems appropriate
for ASTROI101 is the convergence of two seem-
ingly separate teaching problems in desperate need
of solutions. The first motivation, as briefly out-
lined above, was driven in large part by the needs of
overworked and overloaded busy ASTRO101 fac-
ulty trying to extend learning and students’ engage-
ment beyond traditional in class seat-time to provide
more out of class learning experiences in the ser-
vice of enhancing student achievement. The turn of
the Century was characterized by US colleges and
universities becoming—for better or worse—more
client-oriented which, in turn, resulted in college
and university faculty becoming forced to be more
accountable to their student-clients. Student suc-

cess in learning astronomy, which is appropriately
correlated with students giving professors higher
end-of-course-evaluation marks (Clayson 2009), re-
quires faculty to provide accountability measures
demonstrating their success in teaching students.
Homework scores, in addition to exam grades, natu-
rally provides a reasonable accountability measure
and, when done well, seems to increase student
achievement and end-of-course satisfaction.

At the same time, the number of colleges and
universities starting to teach off-campus, distance-
learning courses increased dramatically. A com-
plete discussion of why both college administra-
tors and students themselves hungrily desire on-
line courses compared to traditional face-to-face
classroom-based courses extends far beyond the
realm of this paper, but suffice it to say that faculty
presented with the challenge of teaching courses
to students off-campus desperately needed secure,
online homework systems and course management
systems that could go far beyond students handwrit-
ing answers to end-of-chapter textbook questions
and submitting those assignments electronically, by
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Figure 3. Illustrative Screenshot from Homework Solutions Provider Chegg.com
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company the early editions of The Cosmic Perspec-
tive (Bennett et al. 1998) in the late 1990s. In
this system, students visited an online webpage
using an early-generation web browser, such as
Netscape or Mosaic, and answered multiple-choice
questions characterized by radio buttons next to
possible answers that were then submitted as email
to their respective professors by entering the pro-
fessor’s email. Other examples of this sort of first-
generation online homework system certainly exist.
The next generation of online homework sys-
tems were driven by the notion that students would
learn more if the received some sort of feedback be-
yond “right and wrong” from the Internet-based
computer system. Leading the development of
such a system was a group from MIT led by Dave
Pritchard (Morote and Pritchard 2009) in what even-
tually became the system that is now known widely
as MasteringAstronomy (Slater 2007) with signifi-
cant financial investment by Pearson Publishing,
and illustrated in Figure 1. What characterized
this next generation online homework system was
that when students submitted an incorrect answer
to a multiple-choice question, the system would
automatically reply with feedback to the student
about why a particular incorrect choice was incor-
rect and provide a hint as to which choice might
be correct. Eventually, these systems, known col-
lectively as MasteringX platforms, along with far
too many competitors to name, became able to pro-
vide rapid feedback to students for text-based and
numerical-based responses, both correct and incor-
rect. Although these systems still fell far short of
an imagined intelligent, smart tutor based on ar-
tificial intelligence systems, eventually, under the
banner of what is generally known as ‘“‘adaptive
testing” some of these advanced generation online
homework systems could alter the sequence and dif-
ficulty of homework questions delivered to students
dependent on students’ individual performances.
Today, most major textbook publishers—and a
few single-minded companies outside of traditional
publishing, such as TheExpertTA.com, among many
others—provide students and faculty with a variety
of semester- and year-long subscription options for
wide array of online homework systems, all with
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widely varying levels of interactivity and feedback
provided. It is not my intention to exhaustively
list all of the companies and their available options.
Nonetheless, simply because these systems exist
is not sufficient reason enough alone for faculty
to blindly adopt these systems and require their
students to pay subscriptions to them. Although
certainly not all, some authors have presented con-
siderable evidence that students learn more when
using online homework systems as compared to not
(Cheng et al. 2004; Allain and Williams 2006). The
publishing companies themselves also point to evi-
dence that online homework matters, as shown in
Figure 2. More to the point, Wooten and Dillard-
Eggers (2013) offer powerful evidence that online
homework systems seem to help lower ability stu-
dents more than upper ability students if—and that’s
a hugely important “if”” qualifie—students use the
computer-based systems to learn concepts rather
than simply complete tasks. Taken together, the
broader education research jury is still largely un-
decided regarding the real impact of online home-
work systems as there is solid research suggest-
ing that many students learn more by laboriously
handwriting their lecture-notes and handwriting an-
swers to their homework (Duhigg 2016). In the
end, given the current absence of singularly minded
educational research landscape, the decision about
whether or not to adopt online homework systems
still depends largely on a professor’s specific learn-
ing goals and teaching philosophy.

Is Now the Right Time for You to
Adopt Online Homework?

Much of the future of education is clearly tightly
tied to computer delivery. The number of computer-
based, online learning modules, seminars, courses
and certificate programs is becoming ubiquitous.
Even NASA’s requirements for all employees and
contractors to understand security protocols must be
competed annually online. Today, computer-based
instruction and assessment falls under the mantra
of “we’re here; get used to it.” As a result, it might
seem natural to fall in line with the trend and use
computer-based assessment in ASTRO101, despite
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Figure 4. A Next-Generation Online Assessment Question Where Students Color-code a HR Diagram,

adapted from work by Stephanie J. Slater, Ph.D.

their being insufficiently compelling evidence that
online homework systems work as brilliantly as
promised by the providers and as sincerely hoped
for by compassionate educators.

At the same time that these systems are becom-
ing ever easier and more convenient for busy fac-
ulty to use and integrate into their existing learning
management systems, the costs to students are in-
creasing. Online homework systems seem to range
from about $30 USD per semester to as much as
$99 USD per semester. Some schools are instituting
policies that ban the required use of such systems
because of the burgeoning cost burden to students,
not to mention the optics of students paying gi-

ant tuition bills for faculty who don’t even grade
student work themselves. Moreover, as with any
technological solution, there are also technological
undermines. Chegg.com, as illustrated in Figure
3, are one of many online companies that make
money from students selling solution sets to online
homework systems. Stated another way, imagine
that students pay $59 USD per semester to sub-
scribe to an online homework system required by a
professor and then another $59 USD per semester
to subscribe to the online homework solutions and
answers system. With textbooks costing students
hundreds of dollars on top of tuition and fees, the
burden on students is swelling.
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Conclusion

Unquestionably, providing students with rapid, for-
mative feedback on their learning improves achieve-
ment and attitudes and is worthy of pursuit (Bris-
senden et al. 2002; Lee et al. 2006). Nevertheless,
the bottom line is that the answer to the question of
adopting or not adopting online homework systems
falls far short of being clear cut. Personally, I am
experimenting with online homework systems and
anecdotally find that the benefits are outweighing
the risks—as of today. I’m trying to prepare myself
for the upcoming next-generation of adaptive and re-
sponsive online homework systems that could hold
tremendous, but as of yet unrealized, promise for
individualizing, pacing, and providing video game-
like motivational rewards for a diversity of students
to enhance learning. Furthermore, the upcoming
generation of online homework systems could be
very fun to teach with, such as the assessment task
illustrated in Figure 4 where students color code a
HR diagram. In the end, I am skeptically enthusi-
astic about using online homework and feedback
technology to help students better understand our
place in the universe.
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