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The importance of providing students with opportunities to solve problems and providing them with
feedback on their learning cannot be underscored. Providing individualized feedback to students in large
enrollment classes, such as general chemistry, is an impossible task for instructors. Online homework
provides a solution to this problem. College faculty have overall been supportive of online homework
and learning resources because it reduces the time they spend grading, entering grades, and returning
paper-based homework especially that the class sizes have been steadily increasing over the past several
years. The purpose of this paper is to study students’ perceptions about the usefulness of online home-
work, the role it plays in improving their problem solving skills and study habits, and the effect it has on
their attitudes and learning. Data was collected using a Likert-type and open-ended questionnaire from
students enrolled in general chemistry courses. Our data suggests that online homework had a positive
impact on students’ perceptions, attitudes, learning experiences, understanding, and learning outcomes.
It also increased the amount of time on tasks for students which has the benefit of meaningful learning,
engagement in the content, and achievement. Finally, our data suggests that online homework contribut-
ed to students’ improved active engagement in the course, study habits, and understanding.
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INTRODUCTION

Homework at all grade levels has been found to pos-
itively impact learning and more so for older students
(Cooper, 2001). Instructors of general chemistry courses
face difficulties with assigning, collecting and grading
homework. This problem has been compounded by the
fact that most general chemistry courses have large en-
rollments well exceeding 200 students per class. Online
homework provides a possible solution where students
work on problems and are graded and given feedback
by the online system. Additionally, online homework has
been found to have a positive impact on student learning
(Charlesworth & Vician, 2003). Furthermore, online home-
work positively impacts students’ success in a course
which could be due to the extra effort students put in
solving problems (Kuhn, Watson, & Walters, 2013).

Technology became a must in today’s society. Thus, it
has become a major part of education as well. Education

and learning are emerging because of technology and
computers. The use of technology evolved the different
ways of learning. Online homework encourages active
learning, emphasizes time on task, gives prompt feed-
back, and accommodates diverse learning (Richards-
Babb & Jackson, 2011). Additionally, online homework
benefits students by: providing a correlation between
students’ online homework scores and exam scores (Malik
et al., 2014), and by providing instructors with feedback
on concepts that students are exhibiting difficulties in
mastering (Flynn, 2012). It is also noteworthy that online
homework has other benefits that include promoting stu-
dent-centered learning and monitoring at risk students in
the course (Jones, 2008). Finally, students have positive
perceptions about online homework (Smolira, 2008) and
online homework has been found to positively impact
students’ performance (Dillard-Eggers et al., 2008).
Homework plays a significant role in students’ learning
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by providing a platform for learning new material, rein-
forcing old topics, and practicing problems (Hong, Wan, &
Peng, 2009). According to Doorn and co-authors, students
“overwhelmingly report that online homework is benefi-
cial in understanding material and preparing for exams”
they go on and state that students “felt that it is at least
as easy to use as traditional homework, and most recom-
mend it” (Doorn et al., 2010). The work by Richards-Babb
and co-workers reinforces this as they state that that
80.2% of the students in their study group view online
homework favorably (Richards-Babb et al., 2011).

Going beyond the student’s perspective, online home-
work has the advantage of saving instructors time by alle-
viating the pressures of grading homework since it is done
by the web platform (Arasasingham et al., 2011). Grading
can be quick and easy, with all of the students’ work avail-
able on one resource. This will allow instructors to focus
on improving their lesson plans, evaluation policies, and
allocating more time for connecting with their students,
which is in favor of the students because it provides them
a better understanding of the concepts presented in class.
If the teachers are spending more time with their students
to explain the content, then the students are more likely
master the material.

Online homework has become popular at colleges and
universities because it provides individualized feedback
to students especially in large classes where it can be
considered an arduous task for the instructors (Bonham
et al., 2003). Online homework systems allow for ease
of distribution of assignments, collecting, and grading
student work (Fynewever, 2008). Commercially available
online homework systems that are offered through chem-
istry textbooks’ publishers have been found to improve
learning (Penn et al., 2000).

Assessment and Learning in Knowledge Spaces
(ALEKS) is a responsive and adaptive online homework
platform where the homework is tailored based on stu-
dents’ prior knowledge. ALEKS online homework platform
isa commercial online learning environment with content
related to several subjects including accounting, mathe-
matics and chemistry (Falmagne et al., 2013). ALEKS is a
responsive-adaptive online homework system. It is de-
fined as responsive due to its ability to provide feedback
and guidance to students working on learning modules,
and as adaptive due to its ability to place students into in-
dividualized learning spaces based on their performance
as the result of continuous monitoring and assessment
(Eichler & Peeples, 2013).

ALEKS online homework platform used Knowledge
Space Theory to provide students with individualized
learning activities. ALEKS online homework platform
continuously monitor and updates individual student’s

current knowledge-space based on the student’s perfor-
mance on the periodic assessment. ALEKS online home-
work platform creates individualized learning activities
for each student to meet the learning objectives set by
the faculty. These learning activities are based on the
student’s zone of proximal development to ensure mean-
ingful learning (Nilson, 2016).

The way an adaptive online homework system works
is that it provides specific feedback to the student which
continuously adapts the learning activities and prob-
lems to the individual student based on the student’s
prior and current knowledge of the content (Eichler &
Peeples, 2013). The student’s knowledge is continuously
monitored which influences the pace and route at which
the student progresses through the semester (Eichler &
Peeples, 2013). Adaptive online homework systems have
been found to be more effective than traditional online
home work in increasing the odds of receiving a higher
final grade and improving their study habits, but students
has less favorable attitudes towards it (Richards-Babb et
al., 2018).

ALEKS online homework platform provides re-
sponse-specific feedback, which translates to providing
specific feedback to individual students based on the
error they commit in solving problems in order to address
a specificissue whileitis continuously adapting the learn-
ing activities and assessment (Eichler & Peeples, 2013).
Unlike traditional online homework systems where a set
of problems are assigned to all students, ALEKS provides
instructor with the opportunity to choose from a list of
objectives and then ALEKS creates an individual set of
learning activities that are continuously monitored and
updated to help each individual student achieve mas-
tery. The learning activities are tailored for an individual
student based on student’s knowledge and progression
thought the content which is significant for meaningful
learning (Ausubel et al., 1978). The periodic assessment
and continuous monitoring of the student’s mastery of
the content improve learning and knowledge retention
(Krapicke & Grimaldi, 2012).

Online homework systems give the students instant
feedback which has been shown to have a positive impact
on students’ grades and attitudes towards chemistry
(Parker & Loudon, 2013). Additionally, online homework
systems have been found to provide students with
meaningful learning gains in general chemistry courses
(Libatore, 2011) and positively impacts students’ achieve-
ments in chemistry (Cole & Todd, 2003). Online homework
systems have the potential to promote a few key princi-
ples of good practices in undergraduate education such
as active learning, prompt feedback, and time on tasks,
which are crucial for courses with high enrollments such
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as general chemistry where students can use all the help
they can get (Clickering et al., 1987).

Much of the research on online homework in general
chemistry focused on the positive relationship between
online homework and improvement on final exams scores
(Arasingham et al., 2011), and passing rates and retention
(Revel, 2014). One research project data suggests that
responsive-adaptive learning systems have a significant
positive impact on students’ performance in a general
chemistry courses (Eichler & Peeples, 2013).

Guiding Research Questions

Our research was structured to address the following
specific questions:

1. What are the students’ levels of perceptions about
the usefulness of ALEKS online homework platform?

2. What are the students’ levels of perceptions about
whether ALEKS online homework platform helps students
improve their problem solving skills and study habits?

3. What are the benefits and challenges of ALEKS as
students use it as online homework platform?

METHOD

Our purpose for this research is to investigate the
students’ perceptions of responsive-adaptive online
homework, ALEKS, implemented in the general chemistry
courses here at the City College of New York. Students in
all sections of general chemistry completed weekly online
homework assignments, using the commercially available
ALEKS online homework platform. The topics that used
ALEKS in this study are the standard topics covered in the
two semester sequence of general chemistry courses. Our
research design is based on examining students’ attitudes
and perceptions about ALEKS by using a survey that pro-
vided us with data to aid in our investigation. As part of
the evaluation and data collection process, the students
were given questionnaires to fill out towards the end of the
semester. This helped quantify and analyze the students’
levels of perceptions of ALEKS on student achievement,
attitudes, and learning. The questionnaires contained a
Likert-type and open-ended questions that provided us
with more information about the implementation of the
ALEKS online homework platform into general chemistry.
The survey was given to two experts who agree that the
questions adequately capture the investigation about
ALEKS. As for reliability, the reliability coefficient was
found to be 0.81 through the use of test-retest reliability
method. Furthermore, we conducted interviews on a
subset of the participants to illicit more information and
some clarifications, which was valuable in coding the data
using rubrics.

The students in this study were enrolled in an urban,

commuter school, minority serving institute, and a public
college in New York City. The Participants were enrolled in
first and second term general chemistry courses during
the fall of 2019 and gave their consent to participate in the
study which had an Internal Review Board (IRB) approval.
Students’ participation in the study was voluntary and
their identity remained anonymous. Survey was adminis-
tered and collected from 163 participants (N = 163). After
collecting the survey, students’ answers were analyzed
and categorized using a rubric and illustrated in a form of
graphs and pie charts.

For the Likert-type questions, the answers were con-
verted to numerical values and plotted as follows: (1)
Strongly Disagree, (2) Disagree, (3) Neutral, (4) Agree, and
(5) Strongly Agree. Then the average was calculated for the
total students’ participants. To gain insights into students’
perceptions and attitude about ALEKS online homework
platform, students were asked five open-ended short
answer questions. For some of the open-ended questions
the answers from respondents were coded based a rubric
and were converted to numerical values from 1 to 5 sim-
ilarly to the ones in Likert-type questions. The first and
second authors scored the open-ended responses based
on the rubricindependently. The agreement was found to
be 92% and not one single item had a difference of more
than one point on a five-point scale. The two co-authors
discussed the discrepancies until consensus was reached.
Then the individual values were combined and converted
into averages. For some questions that involved lists, cat-
egories were created based on respondents answers and
converted into percentages and plotted as pie charts. This
was also performed by the two coauthors independently
and the results were consistent.

RESULTS AND DISCUSSION
Figure 1 is shows four of the Likert-Type questions and

the average answer from respondents. Figure 1 shows
that students overall had a positive levels of perceptions
of ALEKS. The students agree that ALEKS has helped them
understand concepts covered in class, encouraged them
to practice outside class, and improved their basic prob-
lem solving skills.

Figure 2 is a depiction of another four Likert-Type
questions that were on the survey. The data show that
ALEKS online homework platform positively impacted
students’ levels of attitudes about learning and complet-
ing assignments. The figure shows that students believe
that ALEKS provided them with useful guidance and hints
on problem solving, prevented them from falling behind
due to the fact that there were weekly assignments to
be completed, benefited them by improving their course
grade and contributing to their learning, and helped them
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ALEKS helped me better understand

3.68
concepts covered in lecture

AIEKS encouraged me to practice more
outside of class time

ALEKS helped me to better understand

. 3.61
how to go about solving a problem

ALEKS has helped me to improve my
basic problem solving skills

I I w I

1 15 2 25 3 35 4 45 5
Average Answer From Respondents

Figure 1. Questions and average answer from respondents for Likert-Type questions

ALEKS provided me with useful
guidance on problem solving

ALEKS prevented me from falling
behind in my readings because of
weekly assignments

ALEKS was overall beneficial to me and
contributed to my improvement in the _ 3.52

course grade

ALEKS helped me understand the
course material

1 15 2 25 3
Average Answer From Respondents

35 4 45 5

Figure 2. Questions and average answer from respondents for Likert-Type questions

better understand the material covered in the course.
Our data suggests that students underscore the im-
portance of ALEKS online homework. The students’ levels
of perceptions were overall positive towards ALEKS online
homework system where the students perceive ALEKS as
helpful in understanding concepts, practicing problem
solving outside the classroom, learning how to approach
and solve problems, and improving problem solving skills.
Furthermore, students’ levels of perceptions of ALEKS is
that it positively impacted their attitudes about learning
and assignments, provided useful feedback and guid-
ance, improved their overall course grades, and prevent-
ed them from falling behind. This is aligned with another
research study, where it was shown that online homework
systems improve student learning of content, experiences
with the course’s material, and success (Parker & Loudon,
2013). Generally speaking, research supports the notion
that students view online homework in a positive manner
(Doorn et al., 2010). Our results are supported by other

research in the field where the author correlated online
homework assignment completion and performance on
final exam and ACS standardized test, however the study
did not report on time spent performing the task (Revell,
2014).

Figure 3 shows the time that students spend on a
weekly basis on ALEKS as well as other aspects of the
course such as reading the textbook, or watching videos
related to the topic. Our data show that students spend
on average about 190 minutes using ALEKS weekly
compared 65 and 45 minutes, watching videos related
to the topic and reading the textbook, respectively. The
data clearly show that students spend a significant time
working and solving problems on ALEKS. This is a positive
thing for the students because the more time they spend
practicing problems, time on task, the clearer the concept
will be to them.

The results of this investigation shows that students
spend a significant amount of time solving problems on
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How long do you spend watching
videos related to the topic?

How long do you spend reading the
textbook?

How long do you spend on ALEKS? — 190
B
-

50 100 150 200

Average time in minutes

Figure 3. Questions and averages from questions related to amount of time students spend weekly on different

parts of the course

Do you believe ALEKS has helped you to
better understabd conepts that you did
not understand in the beginning of
class?

would you recommend ALEKS to
incoming students? Explain.

Please describe your over all expericne
with ALEKS?

1 15 2

3.37

3.4

25 3 35 4 45 5

Average answer from respondents

Figure 4. Open ended questions and average answer from respondents based on rubric

ALEKS online homework platform and more so than other
aspects of the course. We view this result as a positive one
since it shows that ALEKS increases time on task by the
students and thus positively impacts learning and study
habits. The more time students spend on completing the
ALEKS online homework tasks, the more learning they
will achieve. This is consistent with educational research
that argues that more time students spend on homework,
the higher is their achievement in the course (Cooper et
al., 2006). Additionally, research into science education
underscores the importance of time on tasks and their
impact on success in science courses since the more
time a student spends on a given task the more actively
engaged they are in the process of learning of the material
(Slavin, 2003; & Marks, 2013).

Figure4 presentsthethree questionsthat wereaskedin
the short answer part of the questionnaire. The data show
that students’ perceptions of ALEKS are neutral about the
role ALEKS played to help them better understand the

concepts, their recommendation of ALEKS, and their over-
all experience. We should note that majority of answers
were really positive, a score of 5, or really negative a score
of 1. One explanation is that weaker students spend more
time on ALEKS and thus they perceive it negatively. The
repeated knowledge checks and continuous monitoring
where weaker students have to complete around 20 more
problems could be attributed to the frustrations that
students face and their negative perceptions of ALEKS. In
one study, researchers report that adaptive online home-
work systems are more effective than traditional online
homework system in improving students’ study habits
and chances of success in the course, however, students
has less favorable attitudes towards it (Richards-Babb et
al., 2018). Additionally, it was found that higher motivated
and better performing students show more satisfaction
with online homework (Doorn et al., 2010).

Figure 5 shows the students responses to the features
they found most beneficial about ALEKS. Majority of
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10%: Knowledge |
checks —

7%: Nothing about it
was beneficial

11%: Pie Chat

6%: Data Spéet

What feature of ALEKS did you find to be most
beneficial to you?

3%: Periodic Table

planation Feature

Figure 5. A pie chart showing the different aspects of ALEKS that students found most beneficial to their learning

18: Remove topics not on exam

22%: Due Date
Flexibility/Less el

6.3%: Remove | _
Decimal Detection_|
System

Please provide one improvement you would like to
add to ALEKS.

4.9%: Alerts for due assignments

12%: Remove Knowldge
Checks

%: Remove Retrograde

15%: Add video
explanations showing
_~ step by step

Figure 6. A pie chart depicting things that students would change to improve ALEKS

students, 62%, found the explanation feature, which pro-
vides a detailed explanation of the solution to a problem,
as the most beneficial to their learning; while pie chart
(11%), which is a feature that a student can select a pie
slice name to see the number of topics, mastered, learned,
and remaining for that pie slice, was found as most bene-
ficial aspect of ALEKS. Students reported that knowledge
checks (10%), which measures student’s mastery of the
topics and operates as a personal tutor, as most beneficial
aspect of ALEKS. Students also found that data sheets,
6%, and built in periodic table, 3%, to be beneficial to
them. It is noteworthy that 7% reported that nothing was
beneficial about ALEKS. This could be attributed to frus-
trations with ALEKS system that continuously assess and
check prior and current knowledge which could consume
a significant amount of the students’ time to complete the
assignments.

There are several aspects of ALEKS that the students
find beneficial to their learning which includes explana-
tion feature, pie chart, and knowledge checks. Although,

it seems like some students find no benefit from ALEKS
(7%). One possible explanation could be attributed to the
frustrations that weaker students face due to the repeated
knowledge checks and continuous monitoring where stu-
dents have to complete additional 20 to 30 problems each
time which could impact their views negatively. Student
provided some valuable information on improving ALEKS
offerings which includes due date flexibility, explanation
videos additions, alerts for deadlines, and retrograde
removal.

Figure 6 is a depiction of students’ suggestions on
improving ALEKS’ offerings. The pie chart shows that 22%
of students would recommend flexibility on due dates
and 18% would suggest removal of topics not on exam
which could reduce the amount of time spent on ALEKS.
Additionally, students recommend removing retrograde
(16%), adding videos showing step by step explanations
(15%), and removing knowledge checks (12%), which
is a list of questions, typically 20 to 30, that ALEKS asks
students to complete in order to determine their precise
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knowledge state in the course. Students feel that adding
alerts for due assignments (4.9%), as well, as, removing
decimal detection system (6.3%) could be helpful.

It has been suggested the online homework in general
chemistry courses provides students with prompt feed-
back, emphasizes time-on-task, and encourages active
learning (Parker & Loudon, 2013). This is suggested by
our research data since online homework ensures that
students are actively engaged in knowledge application
and problem solving, provide students with prompt feed-
back on their work, and encourages students to spent a
significant amount of time solving problems and achiev-
ing mastery of content. Furthermore, research has shown
that online homework positively influences students’
achievement and learning, improves their attitudes to-
wards the course and increases the increases the amount
of time they spend on homework (Allain & Williams, 2006).

Our data shows that students perceive online home-
work as positively impacting their learning, increasing
their time on tasks, and providing individual feedback
and guidance in solving problems. This is consistent with
research in chemistry education where it was found that
in a large enrollment organic chemistry course students
perceived onlinehomeworkas ausefulaspectforlearning,
revealed positive attitude towards online homework, and
suggested that it improved their study habits (Richards-
Babb et al., 2015). It is also noteworthy that online home-
work systems have been found to force students to spend
additional time solving individual problems while taking
advantages of hints and multiple attempts (Smithrud &
Pinhas, 2015).

CONCLUSION

ALEKS have provided positive perception/attitudes by
students when used in Chemistry courses. Our research
shows that implementing ALEKS online homework plat-
form into general chemistry courses positively affected
students’ levels of perceptions and attitudes of the course
material. Furthermore, students’ views of ALEKS is that it
facilitated their understanding of the concepts covered,
improved their problem solving skills, provided them with
useful prompt feedback, and improved their chances of
successfully completing the course. Furthermore, stu-
dents’ perception of ALEKS is that positively affected their
learning experience, understanding, and problem solving
skills.

Our most significant finding is that ALEKS implemen-
tation increases the amount of time on tasks for students
and thus improves their study habits. Students spend a
significant amount of time on ALEKS solving problems
and going through knowledge checked which directly

improve their learning, engagement in the material, and
achievement. Students found many aspects of ALEKS on-
line homework to be have benefited their learning which
includes explanation features, pie charts, and knowledge
checks.

Our data suggests that ALEKS online homework plat-
form contribute to students’ active engagement in the
course material and establishes a place where students
spend a significant amount of time on a weekly basis
involved in problem solving and achieving mastery of
content. This is crucial to the improvement of meaningful
learning. Students perceive ALEKS online homework as
positively impacting their learning and understanding,
and providing individual feedback and guidance in solv-
ing problems.
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