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Abstract. With advent of digital media, online homework systems have become a significant component
of college-level mathematics courses. These systems are particularly attractive to assess student learning in
large courses such as the traditional calculus sequence, with enrollment of over 1000 students. This paper
identifies the sophisticated administrative and pedagogical features that these systems must have so that they
can effectively support student learning and assessment. It then evaluates two popular, widely used systems,
namely, WebAssign (WA) and MyMathLab (MML) against these features. The evaluation finds that
although both systems provide some common, overlapping features across these two broad categories, WA
scores highly on the administrative capabilities, whereas, MML fares better on the pedagogical capabilities.
Thus, neither one of these systems can offer all the features necessary for their effective use.
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1. Introduction

The last several years have seen a significant permeation of digital media in university-level teaching
and learning. Technologies such as smart boards and online e-classes are rapidly supplementing and/or
replacing traditional methods such as blackboards and in-class instruction. Online homework systems
provide an efficient way to assess student understanding in and out of the classroom environment and are
useful to cope with the growing student enrolment [1]. These systems have offered improved learning
outcomes in various subjects ranging from organic and general chemistry to economics, physics, statistics,
and mathematics [2-7]. In mathematics, the use of online homework is fairly widespread in courses ranging
from developmental mathematics to differential equations [13-17]. Benefits of such online homework
systems include offering an instant feedback on every attempted problem [14] and providing a seemingly
unlimited repository of practice problems to enable a mastery of concepts. Because these benefits improve
the understanding of the course material, many students perceive online homework systems to be
advantageous over traditional methods of assigning, grading, and monitoring homework.

Several researchers have attempted to assess whether online homework has a positive impact on students’
performance [8]. It was observed that students in an introductory physics class spent more time doing
homework online than the time they expended on paper-and-pencil homework and earned better grades [2].
Similarly, students in a general chemistry course found the instant feedback extremely beneficial, leading to
better performance in the quizzes [4]. Another study reported positive change in classroom behaviour, higher
test scores, and enhanced student confidence with the introduction of a web-based homework system [6]. An
extensive recent study has linked positive students’ attitudes and practices towards online homework to
outcomes in microeconomics and business statistics courses using various online homework systems [9].
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Researchers have also sought to substantiate students’ perception of online homework and have noted a
significant positive impact on final exam scores [10,11] and on student satisfaction and learning [12].

Several commercial online homework systems are available for various mathematics subjects ranging
from Finite Mathematics and the calculus sequence from differentiable through vector calculus. As such,
these systems efficiently support the basic tasks of assigning and grading homework and providing instant
feedback. However, if these systems are equipped with advanced administrative and pedagogical capabilities,
they could lend significant support to both the instructors and the students. In this paper, we discuss these
advanced features of online homework systems. Subsequently, we evaluate two widely used, popular online
homework systems, namely, WebAssign (WA) [19] and MyMathLab (MML) [20] against these features,
based on our five-year long experience in their use in the calculus courses at the University of Connecticut.
We find that MML offers many desired pedagogical features, whereas, WA offers many desired
administrative features. Thus, each one of these widely used and popular homework system is deficient in
one respect. We conclude the paper with a suggestion to enhance WebWork [18], an open source online
homework system, to provide a combination of these two types of features.

The rest of the paper is organized as follows. Section 2 lists the desired features. Section 3 presents the
evaluation of WA and MML. Section 4 concludes the paper and offers directions for future work.

2. Advanced Features

The features of an online homework system can be broadly categorized into two types, pedagogical and
administrative; the former improves students’ learning process whereas the latter support efficient and
effective course management.

2.1. Pedagogical Features

The objective of the advanced pedagogical features is to guide the students along a path that enables
them to master concepts while producing a correct answer for a specific question. To meet these pedagogical
objectives, an online homework system should offer:

* Ability to view previous incorrect answers from each attempt.

* C(lear and visible count of the number of attempts remaining to solve a given question.

* Modifying or revising the problems after they are assigned.

* Rescoring of the problems that may be revised due to errors or other reasons.

* Feedback on why a problem is incorrect. For example, the system should differentiate between

syntactical and conceptual errors, and provide adequate information for students to recover from
their mistakes.

2.2. Administrative Features

The advanced administrative features will ease the management of large mathematics courses. Usually, these
courses follow a hierarchical, three-tier organization consisting of a Coordinator at the top who assumes
responsibility for all the sections of the course, as shown in Figure 1. At the second level, there are 4 to 5
large lecture sections taught by individual professors. Finally, at the third level, each large lecture section is
further split into smaller discussion sections of 15 students, each section is supervised by a Teaching
Assistant (TA). Many of these courses are mandatory for students who receive a BS degree (engineering and
sciences), and hence, typically enrol over 1000 students each semester. This hierarchical organization makes
it extremely complicated to assign and monitor homework uniformly and consistently to all the students.
Thus, to support this organization, an online homework system should offer the ability to:

* Login and navigate the site in a simple, intuitive manner.

* Create and maintain a hierarchy of multiple classes, with each class divided into subsections.

* Manage each class by an instructor and a section coordinator.

* Manage each subsection by a TA in addition to the instructor. Provide full control of the classes to
the instructor, including oversight over the role of the TAs.

® Equip the coordinator with the mechanisms to control and change assignments on the fly.

® Integrate with the university’s learning management system (blackboard).



Figure 1 Hierarchical organization of large mathematics courses.

It is important to note that some features do not neatly fit in one category. For each such feature, we
determine whether it strongly influences the pedagogical or the administrative process, and then classify it
accordingly. For example, modifying and rescoring assignments can either be an administrative or a
pedagogical feature, however, because it has a stronger influence on student learning rather than course
management, we classify it as a pedagogical feature.

3. Evaluation of Systems

We evaluate two popular online HW Systems, namely, WebAssign (WA) [19] and MyMathLab (MML)
[20] from Pearson against the advanced features outlined in Section 2. WA is one of the most widely used,
standalone online homework systems. It simultaneously supports over 500,000 users spread over 1500
colleges [19]. MML is even more widely used across several different disciplines with over 7.2 million users
[20]. As such, we chose these two systems because of their widespread use in the higher education industry.

3.1. Pedagogical Features

Pedagogically, the foremost significant difference between WA and MML is the way in which they store
students’ answers to a question. If a student has three attempts to solve a question, WA stores all the answers
thus providing a history of students’ attempts. Such history provides critical insights into a student’s
evolving thought process while solving a question. It also signals the student to seek help from the TA or the
instructor on how to approach the problem correctly, as the number of remaining attempts dwindles. MML,
however, lacks this feature.

In WA, assignments can be easily modified, even while the students are attempting the problems. Such
ease of modification is particularly useful, because some questions become mathematically inappropriate or
incorrect, when they are subjected to randomization in order to produce different versions of the problem to
test a single concept. Randomization of problems, however, is necessary to minimize the cross talk and
collaboration among students and to permit a fairer evaluation. These issues, brought about by randomization,
surface only after the students start working on the problems. In this case, the instructor or the TA either
needs to modify the assignment to eliminate the inappropriate question, or incorporate another problem
generated with new randomization settings. The instructor may also decide to add other questions after
eliminating the incorrect one. MML does not allow either the TA, or the instructor to change the assignment
once the students start working on it. This is extremely restrictive as it limits the possibility of changing a
homework after it is assigned, even when it is erroneous.

The modified assignment also needs to be re-scored. WA allows such re-scoring, while MML does not.
The only work around in MML is to duplicate the existing assignment, then make the necessary change, and



re-assign it to the students. It also requires the coordinators, lecturers or the TAs to un-assign the original
assignment so that students do not continue to work on the older version.

One of better features of MML is that it can distinguish between syntax and conceptual errors, at least for
some types of questions. Students find this feedback extremely helpful to correct their answers. WA does
not distinguish between these two types of errors, which causes frustration among the students and leads
them to waste their time. MML also allows students to scan and upload their handwritten work as images.
Instructors can thus view students” work to serve two purposes; assigning grades and understanding grasp of
the material. WA currently does not offer this feature.

Finally, the issue of establishing equivalence among answers is critical in mathematics. An answer
entered in the form of a reduced fraction and one, which is left in its original form, needs to be evaluated for
equivalence. Both systems have limitations with respect to this feature.

3.2. Administrative Features

The hierarchical organization shown in Fig. 1 suggests that an online homework system must possess
two types of administrative features for smooth operation of students’ assessment. These include: a) Course
setup and student enrolment; and b) Homework oversight and content management.

Course Setup and Enrolment: WA allows administrators (professors or IT administrators) to create courses
and subsections for any number of users with considerable ease. For example, the structure shown in Figure
1 can be designed in WA in just over two minutes. MML, on the other hand, requires extensive use of IT
resources and takes over a week for set up.

In WA, either students can self enrol, or instructors can upload rosters to enroll the students. In the first
option, students register themselves into a particular section through WA website. They choose their own
username and password to setup their account for doing online homework. If instructors choose to upload the
rosters, then the username and password for each students must be entered as separate column in a CSV or
an Excel file. MML requires extensive involvement of the IT staff at both the university and the company to
upload student rosters. This significantly restricts the use of MML to support a model that uses batch loading
to enroll students. MML offers a separate platform known as MML plus which allows batch loading.
Although cumbersome, this model has fared better during its use at the University of Connecticut than MML.

Another important administrative feature is the ability to clearly define roles, which is necessary to
maintain the hierarchy shown in Figure 1. WA can identify and distinguish between instructor, TA and
student roles. Administrative privileges to create or change an assignment, enroll new users, switch users
between sections, grant extension for homework etc., are well classified. WA requires each role to have only
one login and password. Thus, the system recognizes a TA, who is logged in using the designated name and
the password for that role and grants appropriate access. WA is thus significantly conducive to maintain the
structure in Figure 1. MML requires the TAs to have separate admin accounts to enroll or switch users.

It is also commonly known that both systems can provide a building block that can integrate with the
university’s learning management system (blackboard).

Homework Oversight and Content Management: Both WA and MML allow TAs to access student rosters
and to grant extensions to homework and quizzes to an individual or a group of students fairly easily. MML
differs in this aspect. Another important content management feature is the propagation of common
assignments to all sections of all large lecture classes. A coordinator creates a master assignment in a master
course, which must then be propagated to all the other subsections of the course. For such propagation, it is
absolutely necessary to establish a parent-child relationship between the course and its subsections so that
any change in the master assignment is reflected through all the subsections. Such a parent-child relationship
can be created in WA relatively easily. MML, on the other hand, requires each course to be copied in a string
of operations. It is possible for errors to creep in while referencing the parent course. If and when such an
error occurs, it is extremely difficult to fix it without physically un-enrolling the students from the
subsections, deleting the incorrectly coded subsection, recreating the subsections with accurate cross talk




between the subsections and master course, and then re-enrolling the students. Thus, in MML this process
requires extensive IT resources and is very susceptible to human error.

Table 1 summarizes the comparative evaluation of WA and MML. A v indicates that the system offers
the specific feature in a easy, user-friendly manner, while a ¥ indicates that it either does not offer the feature
at all, or even if it does it is resource-intensive, cumbersome and error prone. In summary, WA scores highly
on the administrative features, whereas, MML scores well in the pedagogical category.

Pedagogical Homework Management v v
Modifying Assignment x v
Rescoring Assignment x v
Feedback on questions v x
Syntax vs. conceptual errors v x
History of answers x v
Number of remaining attempts x v
Administrative ~ Hierarchy of roles x v
Parent-child relationship x v
Self-enrolling v v
Roster upload x v
Privileges assignment x v
LMS integration v v

Table 1 Feature comparison of WA vs MML

4. Conclusions and Future Work

This paper presented an evaluation of two popular, widely used online mathematics homework systems,
namely, MML, and WA against advanced pedagogical and administrative requirements. MML scores highly
in the pedagogical category offering significant support and feedback to the students to aid in their learning
process. On the other hand, WA offers sophisticated administrative features, facilitating the set up and
management, and oversight of large courses. The evaluation suggested that a single system does not offer a
combination of these advanced features. Our future work thus consists of assessing WebWorks, an open
source homework system, to determine the ease with which it can be modified to provide these two types of
advanced capabilities.
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