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Abstract
This study compared learning for fifth grade students in two math homework conditions.
The paper-and-pencil condition represented traditional homework, with review of prob-
lems in class the following day. The Web-based homework condition provided immediate
Jfeedback in the form of hints on demand and step-by-step scaffolding. We analyzed the re-
sults for students who completed both the paper-and-pencil and the Web-based conditions.
In this group of 28 students, students learned significantly more when given computer
Jfeedback than when doing traditional paper-and-pencil homework, with an effect size of
.61. The implications of this study are that, given the large effect size, it may be worth
the cost and effort to give Web-based homework when students have access to the need-
ed equipment, such as in schools thar have implemented one-to-one computing programs.
(Keywords: online homework, intelligent tutoring systems, online tutoring, homework.)

Web-based homework assistance is already popular in colleges. Blackboard
(www.blackboard.com), WebAssign, (www.webassign.com), MasteringPhys-
ics (www.masteringphysics.com), and WebWorK (http://webwork.rochester.
edu) are all systems that have thousands of student users at the college level,
but K-12 Web-based homework assistance lags behind. Systems such as Study
Island (www.studyisland.com) and PowerSchool (www.powerschool.com) are
gaining popularity with K—12 teachers, and it seems likely that the use of Web-
based homework assistance for K—12 will increase as the digital divide between
students narrows, teachers become more comfortable with the technology, and
teachers gain access to systems that are low cost or free. The important question
is, do such systems help students learn more than traditional paper-and-pencil
homework?

With recent advances in educational technology, teachers now have a multi-
tude of tools to assist and enhance student learning and motivation. New intel-
ligent tutoring systems that guide students through math problems much the
same way human tutors do have been successful in helping students learn math
in the classroom. Some systems attempt to imitate a human tutor by reproduc-
ing the interactive dialogue patterns and strategies that were likely to be used
by a human tutor, whereas others provide immediate feedback by highlighting
each step attempted in either red or green to indicate a right or wrong answer.
They may also provide hint sequences to students asking for help.
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A U.S. Congress—mandated study (Dynarski et al., 2007) reported that
classrooms using selected math and reading educational software products did
not differ significantly on standardized tests when compared to classrooms that
did not use the products. This study has caused some to call into question the
utility of educational software, which might suggest that we should stop wasting
time producing computer-based systems. However, the Dynarski study looked
at computers used during the school day and not as a homework-delivery
system.

In this study, we attempt to determine if fifth grade students can learn more
by doing their math homework with a Web-based intelligent tutoring system
than when doing traditional paper-and-pencil homework. We conducted this
experiment using the ASSISTment System, a Web-based system that provides
both interactive scaffolding and hints on demand. We will review studies of
Web-based homework assistance systems before describing the ASSISTment
system used in this evaluation.

LITERATURE REVIEW
The Use of Web-based Systems for Homework

Web-based systems that allow students to do their homework online such as
Blackboard, WebCT (www.webct.com), Homework Service (https://hw.utexas.
edu/bur/overview.html), and WebWorK are becoming more widely used in
higher education. At the K~12 level, systems such as Study Island and Power-
School are gaining popularity among teachers.

Some states in the United States, including Maine, Indiana, Michigan, and
Virginia, have begun to implement one-to-one computing (Bonifaz & Zucker,
2004) in schools where each child gets his/her own laptop to use during school
hours and often to take home. For instance, the Maine Learning Technol-
ogy Initiative (2002-2004) supplied every seventh and eighth grade student
in Maine and their teachers with laptop computers, and 40% of the middle
schools allow students to take their laptops home. Although few research stud-
ies on the effects of one-to-one computing on teaching and learning have been
reported, teachers report that students in one-to-one computing programs are
more engaged and motivated and interact better with teachers (Bebell, 2005;
Silvernail, & Lane, 2004). At the same time, recommendations for abandon-
ing one-to-one computing programs citing the high cost, potential access to
inappropriate material, and lack of proven impact on student achievement (Hu,
2007; Vascellaro, 2006) have been widely published. Still, the number of U.S.
schools adopting one-to-one computing programs continues to increase every
year, according to a survey of the largest 2,500 school districts in the United
States conducted by the Hayes Connection and cited in the New York Times
by Hu (2007). The opportunities for students to do their homework online
increase as the digital divide narrows and more states become committed to
one-to-one computing. One important question is, do students learn more by
using computers to do their homework than by doing traditional paper-and-
pencil homework?

332 Spring 2009: Volume 41 Number 3



Some advantages of homework-assistance systems are immediate feedback
to students and automatic grading and recording of grades for instructors.
Automatic grading saves time for teachers who would like to grade all of their
students’ paper-and-pencil homework carefully by hand but do not have time.
In turn, this can prompt students to take homework more seriously because
they know it will be graded and the grade will be recorded. With these systems,
students can often get immediate feedback on their answers and work and
sometimes help toward solving problems.

Although these Web-based homework-assistance systems can provide ben-
efits, they can have disadvantages, as well. Many of these systems do not take
students’ work into consideration when they require students to enter a single
answer for each problem. Students may be less organized because they do less
scrap work on paper and try to do more math in their heads. Teachers may
be less able to figure out exactly where students are having difficulties without
seeing their work. Finally, because these systems often do not consider student
work, cheating may be easier among students because they could possibly get
the answers from their friends without having to show how they arrived at
them.

Web-based Homework Versus Paper-and-Pencil Homework

Previous research has shown positive results for using Web-based homework
assistance instead of traditional paper-and-pencil homework. MasteringPhysics,
a Web-based physics homework tutor developed at MIT, uses mastery learning
to help students reach mastery when solving physics homework problems. Stu-
dents can ask for hints on problems and receive feedback on common student
errors. Some hints will ask the student a question that behaves like a “scaf-
folding question” in the ASSISTment system (described in the next section).
Warnakulasooriya & Pritchard (2005) found that twice as many students could
complete a set of problems in a given time with the help provided by Master-
ingPhysics when compared to students who worked on the problems without
help (administered by MasteringPhysics but without hints or feedback).

The Andes system is an intelligent tutoring system that provides support for
problem solving for physics homework. Students using Andes complete whole
derivations step by step and receive feedback after each step. Students can also
request hints for each step to find out where their errors are (What's Wrong
Help) or to find out what to do next (Next Step Help). VanLehn et al. (2005)
presented evidence from introductory physics courses taught at the U.S. Naval
Academy from 1999 to 2003 that students who used Andes for homework got
significantly higher exam scores than students in control groups who did paper-
and-pencil homework. Other studies of Web-based physics homework versus
paper-and-pencil homework did not find significant differences between the
two homework conditions (Bonham, Deardorff, & Beichner, 2003; Pascarella,
2002). The Andes studies seem to be the most closely related to our comparison
of ASSISTments and paper-and-pencil homework, and this study attempts to
replicate Andes’ positive results.
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The ASSISTment System

Assistance and assessment are integrated in a Web-based system called the
ASSISTment System, which offers instruction to students while providing a
detailed evaluation of their abilities to teachers. Each time students work on the
Web site, the system “learns” more about their abilities. The ASSISTment Sys-
tem is being built to identify the difficulties individual students—and the class
as a whole—are having, and teachers will be able to use this detailed feedback
to tailor their instruction to focus on those difficulties. Unlike other assessment
systems, the ASSISTment system also provides students with intelligent tutoring
assistance while assessment information is collected. Our hypothesis is that AS-
SISTments can do a better job of getting students to learn from homework than
traditional paper-and-pencil homework by providing immediate feedback on
answers and tutoring for items that students get wrong. Teachers can also assess
their students’ knowledge limitations better by noting the amount and nature
of the assistance students need to finish their homework. The ASSISTment
system was developed using grants from the U.S. Department of Education and
the National Science Foundation and will be freely available for use by teachers
and students.

The ASSISTment System provides students with two types of tutoring assis-
tance, scaffolds and hints, when they answer a question incorrectly. With scaf-
folds, the student who answers an ASSISTment incorrectly receives the message,
“Hmm, no. Let me break this down for you,” and is immediately presented
with a scaffolding question that the scudent must answer correctly in order to
continue and receive the next scaffolding question. The scaffolding questions
break the problem into steps, and students must answer the scaffolding ques-
tions before returning to the original question; that is, the student is forced
to work through the problem. With hints, the stcudent may request a hint by
pressing the hint button. Students may request more hints until they reach the
“bottom-out” hint, which will typically give them the answer to the question.

When students log in to the ASSISTment system, they are presented with
math problems. Figure 1 shows a screenshot of an ASSISTment problem with
three scaffolding questions. Solving this problem involved understanding con-
gruence, perimeter, and equation solving. If the student had answered correctly,
she would have moved on to a new problem. However, she incorrectly answered
23, and the system responded with, “Hmm, no. Let me break this down for
you.” It then presented the student with some questions that would help to
isolate the skills with which she had difficulty and to tutor her so that she could
figure out the correct actions. The tutor began by asking a scaffolding question
that isolated the step involving congruence. Eventually she got the scaffolding
question correct (by answering “AC”) and then was given a question about pe-
rimeter. The figure shows that the student selected ¥2 * 8 * x as the formula for
perimeter, and the system responded with a “buggy message” letting the student
know she seems to be confusing perimeter with area. The student requested two
hint messages, as shown at the bottom of the screen. The tutoring ends with a
final question, which is actually the original question asked again. The student
then will go on to do another math problem and will again get tutoring if she
gets it wrong.
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Figure 1. An ASSIS Tment showing three scaffolding questions.
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The design of the ASSISTment system was informed by earlier systems such
as Cognitive Tutors (Anderson et al., 1995) and Ms. Lindquist (Heffernan &
Koedinger, 2002). These systems use “model-tracing” architectures that were
invented by researchers at Carnegie Mellon University (Anderson, Boyle &
Reiser, 1985; Anderson & Pelletier, 1991) and used extensively to build tutors.
Each tutor is constructed around a cognitive model of the problem-solving
knowledge students have and the knowledge needed to solve each problem. The
model reflects the ACT-R theory of skill knowledge (Anderson, 1993), which
assumes that problem-solving skills can be modeled as a set of independent pro-
duction rules. Production rules are if-then rules that represent different pieces
of knowledge.

Ms. Lindquist, developed by Heffernan and Koedinger (2002), is an intelli-
gent tutoring system that uses dialog to help students write algebra expressions.
Ms. Lindquist models both student behavior and tutorial behavior by combin-
ing a cognitive model of student behavior with a tutorial model of strategies
observed in a human tutor. The cognitive student model has a set of production
rules that model the problem-solving skills needed to write algebraic expres-
sions, whereas the tutorial model is based on the observation of an experienced
human tutor during a tutoring session and tries to capture tutorial strategies
that were observed to be effective. Ms. Lindquist was the first intelligent tutor
that had both a model of student thinking and a model of tutorial planning
and is different from typical Cognitive Tutors in that it takes its cues more from
the dialogues that human tutors have with students and is more flexible. For
example, it can acknowledge that part of an answer is correct and then engage
a student in a “sub-dialogue” to help him or her improve the incorrect path. It
“breaks” problems down for students by asking questions and rephrasing ques-
tions but does not give students answers.

The ASSISTment system also breaks problems down for students in the way
that Cognitive Tutors and Ms. Lindquist do, but it is not rule based. Koedinger
et al. (2004) introduced example-tracing tutors that mimic Cognitive Tutors
but are limited to the scope of a single problem. The ASSISTment system uses
a further simplified example-tracing tutor called an ASSISTment that allows
only a linear progression through a problem, which makes content creation
easier and more accessible to nonprogrammers. Previous results show that our
example-tracing-based system can reduce the time required to build a single
hour of content from 100-1,000 hours to 10-30 hours (Razzaq et al., 2008).

During the design stage of the ASSISTment system, middle school math
teachers were involved in the process (Razzaq et al., 2005). Heffernan and
Razzaq met with these teachers weekly to do “knowledge elicitation” inter-
views, during which the teachers helped design the pedagogical content of the
ASSISTment system. The knowledge elicitation interviews started by showing
the teacher a problem and then asking a series of questions: “How would you
tutor a student to solve the problem? How would you break the problem down?
What hints would you give the student? What kinds of errors are expected, and
what would you say when a student made an expected error?” They videotaped
these interviews and used the recordings to fill out an “ASSISTment design
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Table 1. Participants in the Study

Class A Class B Class C Class D Total
Male students 13 12 9 12 46
Female students 10 13 13 10 46
Students with Internet at home 12 15 17 10 54

form,” which they used to implement the ASSISTment. Teachers gave their
opinions on the first draft of the ASSISTment and were asked to edit it. They
also videotaped these review sessions and revised the design form as needed.
When the teacher was satisfied, they released the ASSISTment for use.

Initial studies of the ASSISTment system (Razzaq et al., 2005) found that
students were learning eighth grade math while using the system once every
two weeks during their regular math classes. The purpose of this study was to
determine if using the ASSISTment system for Web-based homework assistance
is more useful (produces more learning) than traditional paper-and-pencil
homework.

METHOD
Setting and Participants

The setting for this study was 4 fifth grade classrooms and students’ home
computers. The school was located in a small town in a rural county and was a
sample of convenience. Approximately 350 students were enrolled in the school
at the time of the study, with at least 50% receiving free or reduced lunch. All
four classes were typical elementary classes with a mix of below-average, aver-
age, and above-average students. Teachers gave a total of 92 students (54 with
Internet access at home) this homework assignment, depending on their access.
The breakdown of the participants is shown in Table 1.

Content

We used two problem sets in both the Web-based homework and the paper-
and-pencil homework assignments, each consisting of 10 problems. One prob-
lem set consisted of Number Sense problems, and the other was a mix of prob-
lems. The Number Sense problem set included problems for which students
had to demonstrate understanding of numbers, ways of representing numbers,
and relationships among numbers and number systems. The Mixed problem
set included problems in the algebra, geometry, data analysis, and probability
domains. Students had to demonstrate understanding of patterns, relations, and
functions; describe spatial relationships using coordinate geometry and other
representational systems; develop and evaluate inferences and predictions that
are based on models; and apply and demonstrate an understanding of basic
concepts of probability. (See Appendix B for the problems in both homework
sets.) Students in the classes had prior learning experience with the homework
material during the course of the school year. However, as the experiment took
place at the end of the school year, it was not recent experience and was more of
a review.

Journal of Research on Technology in Education 337



The worksheets that students completed for paper-and-pencil homework
assignments were identical to the Web-based homework assignment problems,
with the same formats (i.e., multiple choice or short answer). This was possible
because each class did the Number Sense or Mixed problem set for computer
homework and the opposite problem set for paper-and-pencil homework.

This will be explained in detail in the Experimental Design section below. The
pretest and posttest items were “morphs” of the Number Sense and Mixed
problem sets and were designed to have different surface features, such as names
and numbers, while keeping the same deep features or knowledge requirements,
such as analyzing patterns. Finally, the same hints used in the problem sets on
the Web-based tutor were used while going over paper-and-pencil homework
problems in class to ensure that each class had the same instruction.

Experimental Design

We used a counterbalanced experimental design in which students in two
classrooms participated in the Web-based homework condition first, whereas
students in the other two classrooms participated in the paper-and-pencil con-
dition first. All students participated in both Web-based and paper-and-pencil
conditions, and all students received pretests and posttests for each condition in
which they participated.

In the Web-based first group, one class received a pretest for the Number
Sense problem set, and the other class received a pretest for the Mixed problem
set. Students then received a homework assignment consisting of 10 problems
in their respective problem sets on the Web-based system. After completing the
Web-based homework, the students received posttests in class the next day. We
then reversed the groups, with the Number Sense group receiving the Mixed
pretest and the Mixed group receiving the Number Sense pretest. Both groups
then received a paper-and-pencil homework assignment that consisted of 10
problems on a worksheet for their respective problem sets. They completed
posttests the following day. The paper-and-pencil first group participated in
the same overall experimental design. (See Table 2 for the overall experimental
design.)

Our design counterbalances the content (number sense vs. mixed) as well as
the order of condition (Web-based vs. paper and pencil) so that we can draw
valid inferences that any gains students make will not be attributed to these out-
side factors.

Procedures

On day one of the experiment, students in all four classes received the ap-
propriate pretest (two classes were administered the Number Sense pretest, and
two were administered the Mixed pretest). (See Appendix A for sample pre- and
posttests.) Thus, for both conditions, Web-based homework and paper-and-
pencil homework, one class was completing the Number Sense assignment
while the other class completed the Mixed assignment.

After completing the pretest, each class in the paper-and-pencil homework
condition received worksheets with 10 problems to complete for homework.
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Table 2. Experimental Design

Day Web-based first group Paper-and-Pencil First Group
Class A Class B Class C Class D
Mon. Pretest Number Pretest Mixed Pretest Mixed Pretest Number
Sense Sense
Intro to Paper-and-pencil
Intro to ASSISTments assignment Paper-and-pencil
ASSISTments assignment
Web-based
Web-based assignment
assignment
Tues. Posttest Number Posttest Mixed Review assignment Review
Sense assignment

Posttest Mixed

Posttest Number

Sense
Wed. Pretest Mixed Pretest Pretest Number Pretest Mixed
Number Sense Sense
Paper-and-pencil Intro to
assignment Paper-and- Intro to ASSISTments
pencil ASSISTments
assignment Web-based
Web-based assignment
assignment
Thurs. Review assignment Review Posttest Number Posttest Mixed
assignment Sense
Posttest Mixed
Posttest

Number Sense

(See Appendix B for sample worksheet problems.) They instructed the stu-
dents to bring the worksheets to school the following day so that they could

go over them and answer any questions they had. Students in each class in the
Web-based homework condition completed their pretests and then were taken
to the media room, where they learned how to log in to and use the ASSIST-
ment system. They all received a school identifier, which was the same for all
students, then received an individual screen name consisting of their first name
and last initial. After each student logged in to the system, they were shown
how to select their teachers’ names and how to select their homework for the
evening. They also learned how to select and work on a demonstration problem
to familiarize themselves with the system and how problems were presented.
The demonstration problems were not a part of their homework problems. (See
Appendix C for sample computer/ASSISTment problems.)

On day 2, the students in the paper-and-pencil condition received the
answers to their worksheet problems and then had the opportunity to ask
questions for review. (We are aware that our homework review procedure is
susceptible to the fact that some students are more assertive than others when
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Table 3. Group and Individual Class Completion Rates

Class A Class Class Class All Exclude
B C D Classes Class D
% with Internet 17/24 12/23 10/22 15/24 54/93 39/69
70.8% 52% 45% 62.5% 58% 56.5%
% with Internet that 13/17 6/12 7/10 3/15 29/54 26/39
completed WBH 76% 50% 70% 20% 53.7% 67%
% with Internet that 15/17 9/12 7/10 12/15 43/54 31/39
completed PPH 88% 75% 70% 80% 79.6% 79%
% with Internet that 12/17 6/12 7110 3/15 28/54 25/39
completed both 70% 50% 70% 20% 52% 64%

asking questions, but we argue that our design is reasonable, as we have tried
to replicate what happens in typical classrooms when going over homework.)
When answering questions the teacher used the exact hints used in the com-
puter-hints condition to ensure uniformity across groups. (See Appendix D for
sample hints.) The review was limited to 10 minutes per group.

We designed the procedures used for the homework review to simulate a typi-
cal review that math teachers would use. For example, in a typical math class
the teacher will usually go over the answers for the homework assignment and
then ask students if they have any questions. If they do, the teacher will put the
problems on the board for students to see or from time to time have students
do problems on the board so the teacher can see where the students are having
difficulty. The reviews usually last approximately 10 minutes. For this study we
attempted to simulate those procedures as closely as possible, but with a few ex-
ceptions. For example, we went over the answers to the homework assignment,
and then asked students if they had any questions. However, in lieu of doing
the problems on the board, we chose to use overheads with the exact hints used
in the ASSISTment problems. We did this because we wanted to ensure that
each group received the same review.

The students then completed posttests. The two classes in the computer
condition received posttests on day 2. Days 3 and 4 followed the same proce-
dures as days 1 and 2, but the groups were reversed. That is, the two classes in
the Web-based condition switched with the two classes in the paper-and-pencil
condition, and the two classes that did number-sense problems switched with
the two classes doing mixed problems.

Results

There were a total of 93 students in the four classes. Of the 93 students, 5
were absent during all or part of the study, another 6 missed part of the study
due to activities in which they were involved outside of the classroom, and 6
students were nonreaders. These students did not participate in the study, which
left a total of 76 students. Only 54 of those students, however, had Internet
available at home and could participate fully in the study. Of these 54 students,
31 students (57%) started the Web-based homework, but 2 of them reported
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Paired Samples Statistics

Std.
Error
Std.
Mean N t . Mean
Deviation
Pair GainlCompter 2.32 28 2.195 415
1 Gain2PPH 1.14 28 1.533 290

Paired Samples Correlations

N Correlation Sig.

Pair  GainlCompter

1 & Gain2PPH 28 -.322 .094

Paired Samples Test

Paired Differences

95% Confidence
Interval of the Dif-

ference

Std.
Std. ¢ Sig. (2-
Devi- Error )
Mean Lower Upper ailed)
ation Mean ¢ df
Pair  GainlCompter
1.179
1 Gain2PPH -.322 577 -.006 2.363 2.041 27 .051

Figure 2. Results on Web-based homework and paper-and-pencil homework
Jor students who completed both

technical difficulties and were not able to complete the assignment. Another
student in this group did not complete his paper-and-pencil homework.
Consequently, we analyzed the remaining 28 students (52%) when comparing
Web-based homework to paper-and-pencil homework.

These percentages may be somewhat misleading because in Class D only 3
out of 15 students who had Internet did the assignment at home as instructed,
but 10 of the 15 students completed the assignment in the morning on com-
puters at the school. Because those 10 students did not actually do the Web-
based assignment at home, we chose to count those students as not having com-
pleted the Web-based homework assignment. This class had a substitute teacher
that day, and we speculate that the substitute may not have impressed upon
the children the importance of doing the assignment at home, which may have
accounted for the lower than expected participation rate in this class. When
we exclude Class D from the above analysis, the participation rates increase, as
shown in Table 3.

For the following analyses, #-tests were run on the Web-based gain scores
from pretest to posttest and on the paper-and-pencil gain scores from pretest
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Figure 3. Results on Web-based homework and paper-and-pencil homework
Jor students who completed both.

to posttest. There was learning in both conditions; however, when comparing
the effect of Web-based homework and paper-and-pencil homework, including
only those students who completed both the Web-based homework and the pa-
per-and-pencil homework, there was a statistically reliable difference in favor of
the Web-based homework condition. The paired #test, #(27) = 2.04, p = 0.051,
showed an effect size of .61 (see Figure 2). The 95% confidence interval for this
effect size of .61 is (0.08-1.15). The mean gain for the Web-based homework
group was 2.32 points out of 10 points, and for the paper-and-pencil home-
work group the gain was 1.14 points out of 10 points.

As shown in Figure 3, our analysis is not sensitive to one or two students. The
weighted sum of gain scores, if we disregard negative scores, is 72 (Web-based
homework) versus 36 (paper-and-pencil homework).

Implications

In this study, students learned significantly more with Web-based homework
than with paper-and-pencil homework, and the effect size we reported of .61
is large compared to other possible interventions shown in an in-depth study
of the effect sizes of more than 100 classroom innovations accumulated from
thousands of studies (Hattie, 1999). In the absence of one-to-one computing
programs, teachers could use Web-based homework-assistance systems in their
school computer labs or assign them for homework to students who have Inter-
net access at home, access to school computers after school, or access to com-
puters at the local library. The implications of this study could be important to
policy makers, particularly considering the popularity of one-to-one computing
initiatives (Hu, 2007) and claims that laptops can now be produced for prices
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as low as $200 each (Bray, 2007). The cost of an intervention is of concern at a
time when school budgets are already stretched thin, so policy makers need to
see programs that can increase learning dramatically at low costs. In this study,
we showed an intervention that led to a dramatic increase in student learning
at a relatively low cost. For example, the Maine Learning Technology Initiative
(2002-2004) was able to supply laptops to all of their seventh and eighth grade
students for $300 per student per year, which is about one third of the cost of
reducing class size. The cost of one-to-one computing programs could drop
further, considering the new smaller and less expensive laptops being developed
(Bray, 2007), and when excluding the growing number of students who already
have computers at home.

Caveats are in order, of course. Our study looked at the impact of learning
at home, not in the classroom, so this intervention would help kids learn from
their homework, not learn more effectively during class time. Other stud-
ies have documented large gain scores when comparing traditional clsssroom
instruction to computer-based tutoring (Kulik & Kulik, 1991; Razzaq, Mendi-
cino & Heffernan, in press), so it is perhaps not a leap to assume the computer
would also help learning when doing homework. Our study was also short
term, and we were not able to do a retention test afterward due to a lack of
time, as this study took place at the end of the school year.

Our study was limited to fifth graders working on their math homework. We
do not know if our results would generalize to students in other grades or other
subjects. One limitation of the ASSISTment system is that it is not able to grade
open responses or essay-type questions, and teachers are limited to multiple-
choice or short-answer questions. Currently, this would limit us to tutoring sub-
jects like math and science, and we do not know if our results would generalize
to subjects such as English or history.

In this study, we were also limited by the number of students who did not
have Internet at home. As the digital divide narrows and more K—12 students
have access to computers and Internet at home, more teachers can take ad-
vantage of the promise of Web-based homework-assistance systems. With this
paper, we believe we have taken a step toward justifying the cost of providing
students with the means to do their homework via the Web.

CONCLUSION

By using a system such as the ASSISTment system, students can learn more
than they would by doing their homework with paper and pencil. Students get
immediate feedback on their answers and help when they need it. In addition
to better learning results, teachers can take advantage of the convenience of
having homework automatically graded and recorded. Students can also benefit
from Web-based homework because they may take their homework more seri-
ously when they know it will be graded.

With the ASSISTment system, teachers can also pinpoint exactly where
students are having difficulties and get reports on which skills to address in class
for individual students or the class as a whole (Feng, Heffernan & Koedinger,
2000), thus allowing teachers to address shortcomings. Content is relatively
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easy to develop in the ASSISTment system and can be created in a fraction of
the time needed to develop content in other intelligent tutoring systems (Raz-
zaq et al., 2008).

For future studies, we would like to determine if the results of this study have
external validity. We would run the study with more students who have had
more experience with the system. We would also like to find out if the results
generalize for students in other grades and over longer periods of time.

Contributors

Michael Mendicino is a doctoral student in the Department of Technology,
Learning, and Culture at West Virginia University. He specializes in instruc-
tion for students with mild learning disabilities. (Address: PO Box 6122, 506
Allen Hall, West Virginia University, Morgantown, WV, 26506-6122, Phone:
304.293.3879, e-mail: mmendicl @mix.wvu.edu.)

Leena Razzaq is a PhD student in the Department of Computer Science at
Worcester Polytechnic Institute. She is interested in studying how different
tutoring strategies in intelligent tutoring systems affect students of varying abili-
ties. (Address: Department of Computer Science, Fuller Labs 312, Worcester
Polytechnic Institute, 100 Institute Road, Worcester, MA 01609-2280, USA,
Fax: 508.831.5776, e-mail: leenar@cs.wpi.edu)

Neil T. Heffernan is an assistant professor of computer science at Worcester
Polytechnic Institute. Heffernan holds a PhD in computer science and specializ-
es in building intelligent tutoring systems. (Address: Department of Computer
Science, Fuller Labs 237, Worcester Polytechnic Institute, 100 Institute Road,
Worcester, MA 01609-2280, USA, Phone: 508.831.5569, Fax: 508.831.5776,
e-mail: nth@cs.wpi.edu)

References

Anderson, J. R. (1993). Rules of the Mind. Hillsdale, NJ: Erlbaum.

Anderson, J. R., Boyle, D. E, & Reiser, B. J. (1985). Intelligent tutoring sys-
tems. Science, 228, 456—462.

Anderson, J. R., Corbett, A. T., Koedinger, K. R., & Pelletier, R. (1995).
Cognitive tutors: Lessons learned. 7he Journal of the Learning Sciences, 4(2),
167-207.

Anderson, J. R., & Pelletier, R. (1991). A developmental system for model-trac-
ing tutors. In L. Birnbaum (Ed.), 7he International Conference on the Learning
Sciences (pp. 1-8). Charlottesville, VA: Association for the Advancement of
Computing in Education.

Bebell, D. (2005). Technology promoting student excellence: An investigation of the
Ist year of 1:1 computing in New Hampshire middle schools. Technology and
Assessment Study Collaborative. Boston College. Retrieved November 20,
2007, from www.bc.edu/research/intasc/studies/nhLaptop/description.sheml

Bonham, S. W., Deardorff, D. L., & Beichner, R. J. (2003). Comparison of
student performance using Web- and paper-based homework in college-level
physics. Journal of Research in Science Teaching, 40(10), 1050-1071.

344 Spring 2009: Volume 41 Number 3



Bonifaz, A., & Zucker, A. A. (2004). Lessons learned about providing laptops for
all students. Newton, MA: Education Development Center. Retrieved Octo-
ber 15, 2007, from http://www.neirtec.org/laptop

Bray, H. (2007, November 19) $100 laptops? Not really, but $200 isn’t bad.
Boston Globe. Retrieved November 20, 2007, from hetp://www.boston.com/
business/technology/articles/2007/11/19/100_laptops_not_really_but_200_
isnt_bad/

Dynarski, M., Agodini, R., Heaviside, S., Novak, T., Carey, N., Campuzano,
L., et al. (2007). Effectiveness of Reading and Mathematics Software Products:
Findings from the First Student Cohort. Washington, D.C.: U.S. Department
of Education, Institute of Education Sciences.

Feng, M., Heffernan, N. T., & Koedinger, K. R. (2006). Addressing the testing
challenge with a Web-based e-assessment system that tutors as it assesses. In
L. Carr, D. De Roure, & A. Iyengar (Eds.), Proceedings of the Fifteenth Inter-
national World Wide Web Conference (pp. 307-316). New York: ACM Press.

Hattie, J. A. C. (1999). Influences on student learning. Inaugural Professorial
Addpress, University of Auckland. Retrieved November 20, 2007, from http://
www.education.auckland.ac.nz/uoa/fms/default/education/staft/Prof.%20
John%?20Hattie/Documents/Presentations/influences/Influences_on_stu-
dent_learning.pdf

Heffernan, N. T., & Koedinger, K. R., (2002). An intelligent tutoring system
incorporating a model of an experienced human tucor. In S. A. Cerri, G.
Gouarderes, & F. Paraguacu (Eds.) International Conference on Intelligent
Tutoring System 2002 (pp. 596—608). Biarritz, France.

Hu, W. (2007, May 4) Seeing no progress, some schools drop laptops. New
York Times. Retrieved November 25, 2007, from http://www.nytimes.
com/2007/05/04/education/
04laptop.heml

Koedinger, K. R., Aleven, V., Heffernan. T., McLaren, B., & Hockenberry, M.
(2004). Opening the door to non-programmers: Authoring intelligent tutor
behavior by demonstration. In J. C. Lester, R. M. Vicario, & E Paraguacu
(Eds.), Proceedings of 7th Annual Intelligent Tutoring Systems Conference (pp.
162-173). Berlin: Springer Verlag.

Kulik, C. C. & Kulik, J. A. (1991) Effectiveness of computer-based instruction:
An updated analysis. Computers in Human Bebavior, 7, 75-94.

Pascarella, A. M. (2002). CAPA (Computer-Assisted Personalized Assignments)
in a large university setting. Doctoral Dissertation, University of Colorado,
Boulder, CO. (T 2002 P2614)

Razzaq, L., Feng, M., Nuzzo-Jones, G., Heffernan, N. T., Koedinger, K. R.,
Junker, B., et al., (2005). The assistment project: Blending assessment and
assisting. In C. K. Looi, G. McCalla, B. Bredeweg, & J. Breuker (Eds.),
Proceedings of the 12th International Conference on Artificial Intelligence In
Education (pp. 555-562). Amsterdam: IOS Press.

Razzaq, L., Mendicino, M., & Heffernan, N. T. (2008). Comparing classroom
problem-solving with no feedback to Web-based homework assistance. In S.

Journal of Research on Technology in Education 345



Lajoie, & R. Nkambou, (Eds.), Proceedings of the 9th International Conference
on Intelligent Tutoring Systems (pp. 426—437). Berlin: Springer-Verlag.

Razzaq, L., Patvarczki, J., Almeida, S. E, Vartak, M., Feng, M., Heffernan,

N. T, et al. (2008). The ASSIS Tinent builder: Supporting the life cycle of ITS
content creation (WPI Technical Report WPI-CS-TR-08-06). Worcester, MA:
Worcester Polytechnic Institute.

Silvernail, D. L., & Lane, D. M. M. (2004). 7he impact of Maine’s one-to-one
laptop program on middle school teachers and students (Report #1). Gorham,
ME: Maine Education Policy Research Institute, University of Southern
Maine Office.

VanLehn, K., Lynch, C., Schulze, K. Shapiro, J. A., Shelby, R. H., Taylor, L.,
Treacy, D. J., Weinstein, A., & Wintersgill, M. C. (2005). The Andes physics
tutoring system: Lessons Learned. International Journal of Artificial Intelligence
and Education, 15(3) 1-47.

Vascellaro, J. E., (2006, August 31) Saying no to school laptops. The Wall Street
Journal. Retrieved November 20, 2007, from http://online.wsj.com/article_
email/SB115698378733250090-IMyQjAxMDE2NTM2MTkzODEZW;.
html

Warnakulasooriya, R. & Pritchard, D. E. (2005). Learning and problem-solving
transfer between physics problems using Web-based homework tutor. In P
Kommers, & G. Richards, (Eds.), Proceedings of World Conference on Edu-
cational Multimedia, Hypermedia, and Telecommunications 2005 (pp. 2976—
2983). Chesapeake, VA: AACE.

APPENDIX A: MIXED PRETEST & NUMBER SENSE PRETEST

Name Teacher
1.
Turf Coverage
Pounds Square Yards of Coverage
6 200
10 300
14 400
18 500

The table above shows the number of pounds of turf needed to cover a given
area. Based on the pattern in the table, how many pounds of turf are needed to
cover 800 square yards?

2. 2X +2=14

What value of X makes the equation shown above true?

o A)X=6
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o B)X=8
o C)X=10
o D)X=12

3. The radius of a circle is 18 inches. What is the diameter of the circle?

4. Mirs. Chipps wrote five numbers on the white board in her room.
After class, one of the numbers was erased. The four numbers left are shown
below.

20324412 2

If the median of the five numbers that Mrs. Chipps wrote on the board was 20,
which of the following could be true?
o A) The number that was erased was greater than 44
o B) The mode of the five numbers Mrs. Chipps wrote on the board was
31
o Q) The number that was erased was less than or equal to 20
o D) The mean of the five numbers Mrs. Chipps wrote on the board was

56

5. Mr. Lamb drew an equilateral triangle. Which of the following statements is
true about the triangle?

o A) At least two angles are obtuse

o B) At least one angle measures 90 degrees

o Q) All of the angles are less than 90 degrees

o D) All of the angles have different measurements

What is the area of the triangle shown above?

o A)220 cm?
o B) 156 cm?
o C)125cm?
o D)225cm?
7
Inpuc 1 (2 |3 |4 |5 6 7

Output 6 |10 |14 |18 |22 |26 |30
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Shelby created the input-output table shown above. Which of the following
rules is true for all values of Shelby’s input-output table?
o A) Input + 5 = output
B) Input times 5 = output
C) (Input times 4) + 2
D) (Input times 4) + 3

O O O

8. Joe is 22 years older than Bob. If Joe is 43 years old now, how old is Bob?
o A) 12 years old
o B) 18 years old
o Q) 65 years old
o D) 21 yearsold

l
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On the coordinate grid above, which point is located at (7, 5)?

o A
o B
o C
o D
10.
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7 !
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S A }

‘ |
# g D
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© ) A3 456 7eg0n

What are the coordinates of point C?
Number Sense Pretest

Name Teacher

1. Which of the following is closest to the product of 397.8 * 10.3?
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A) 3,000
B) 30,000
C) 400
D) 4,000

O O O O

2. Which of the following shows the numbers in order from least to greatest?
o A)0.452,0.51,0.432
o B)0.452,0.432, 0.51
o (C)0.432,0.51, 0.452
o D)0.432,0.452,0.51

e } } f } } =l
4 3 2 -1 0 1 2

Jeffrey is plotting points on the number line above. Between which two num-

bers should Jeffery plot -3 V22

4. What is 15/60 as a percent?

5. Write 10/25 as a decimal.

6. What is the value of the following expression?

7*6+3

7. Destinee has a total of 12 fish in her aquarium. Exactly 9 of the fish are gold-
fish. What percent of the fish in the aquarium are goldfish?

A) 70%

B) 55%

C) 75%

D) 25%

O O O O

David made the circle shown below using gray and white triangles. What frac-
tional part of the whole design is made up of gray triangles? Write your answer
as a fraction.
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9. Kendra is going on vacation. She packed the following clothes in her suit-
case. How many different outfit combinations will Kendra have to choose from
during vacation?

Suitcase for vacation

Tops Pants
T-shirt Khaki pants
Sweatshirt | Sweatpants
Jeans
10.
¢ D
-+ttt >
4 80 120 160

What is the distance between point C and point D on the number line shown
below? D

40 80 120 160

APPENDIX B: HOMEWORK PROBLEM SETS
Homework/Mix Problems

Name: Teacher:

Date:

Fertilizer Coverage

Pounds Square Yards of Coverage

4 100
b1 200
12 200

16y AN

The table above shows the number of pounds of fertilizer needed to cover a
given area. Based on the pattern in the table, how many pounds of fertilizer are
needed to cover 600 square yards?

2. 2x+2=10

What value of x makes the equation shown above true?

o A)x=4
o B)x=6
o C)x=8
o D)x=12

3. The radius of a circle is 14 inches. What is the diameter of the circle?

4. Mr. Young wrote five numbers on the board in his classroom. After class,
one of the numbers was erased. Four of the five numbers are shown below.
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18253017 _2
If the median of the five numbers that Mr. Young wrote on the board was 18,
which of the following could be true?

o A) The number that was erased was greater than 30.

o B) The mode of the five numbers Mr. Young wrote on the board was
24,

o C) The mean of the five numbers Mr. Young wrote on the board was
22.6.

o D) The number that was erased was less than or equal to 18.

5. Mr. Donato drew an equilateral triangle. Which of the following state-
ments is true about the triangle?

o A) At least one angle is obtuse.

o B) All of the angles are acute.

o C) At least one angle measures 90 degrees.

o D) All of the angles have different measurements.

2l em

What is the area of the triangle shown above?

o A)126cm?
o B)210cm?
o C)252cm?
o D) 420 cm?
7.
Input 112134567
Output |4 |6 |8 10]12]14]16

Bridget created the input-output table shown above. Which of the following
rules is true for all values in Bridget’s input-output table?

o A) Input + 3 = Output

o B) Input * 3 = Output

o C) (Input*2) + 1 = Output

o D) (Input *2) + 2 = Output

8. Sam is 37 years older than Dennis. If Sam is 55 years old now, how old is

Dennis?
o A) 12 years old
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B) 18 years old
C) 28 years old
D) 92 years old

I 1 unit

A

F

»Xx
123 45678 910111213

On the coordinate grid above, which point is plotted at (4, 3)?

10.

I I unit

o A
o B
o C
o D
o E.
o E
y
3
11 |
10
A
9 ’
8
7
6
5
4
3
2
1
X
O 12345678 910111213

What are the coordinates of Point A?
o

O
O
@)

A) (6, 10)
B) (5,9)
C) (9, 6)
D) (6,9)

Homework/Number Sense Problems

Name:
Date:

Teacher:

1. Which of the following is closest to the product 298.7 * 10.1?
o

352

A) 300
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o B)2,000
o C) 3,000
o D) 20,000

2. Which of the following shows the numbers in order from least to greatest?
o A)0.765,0.82, 0.791
o B)0.765,0.791, 0.82
o C)0.791, 0.82, 0.765
o D)O0.791, 0.765, 0.82

ol
|

v

|
3]
1
=
2
L 4=

Marta is plotting points on the number line above. Between which two num-
bers should Marta plot -2¥2?

o A)land2
o B)2and3
o C)-2and-1
o D)-3and-2

4. Write 12/30 as a percent.

5. Write 15/25 as a decimal.

6. What is the value of the following expression?
3+6*4

7. Judith has a total of 8 fish in her aquarium. Exactly 6 of the fish are guppies.
What percent of the fish in the aquarium are guppies?

o A)48%
o B)60%
o C)68%
o D)75%

B
L

Key
l:‘ represents | gray file

l:‘ represents | white tile
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Shing made the design shown above using gray square tiles and white square
tiles. What fractional part of the whole design is made up of gray tiles? Write
your answer as a fraction.

9.
Salad Ingredients

Lettuce Vegetable Dressing
Ieeberg Carrot Ranch
Romaine Celery Italian
Broceoli Caesar

Cauliflower | Vinaigretie

French

Rae is making a salad. The choices for the ingredients are shown in the chart
above. What is the total number of different salads she can make using one let-
tuce, one vegetable, and one dressing?

10.

L
=

200 300 400 500

A
&

What is the distance between point A and point B on the number line shown
above?

APPENDIX C: SAMPLE COMPUTER PROBLEMS

“2005_5_gr6” (Problem ID: 12330) [MA — 2005 — SPRING - 5]
Which of the following is closer to the product 298.7 * 10.1?

A) 300

B) 2,000

C) 3,000

D) 20,000

“2005_23_gr6” (Problem ID: 12395) [MA — 2005 — SPRING — 23]
Which of the following shows the members from least to greatest?
A) 0.765, 0.82, 0.791

B) 0.765, 0.791. 0.82

C) 0.791, 0.82, 0.765

D) 0.791, 0.765, 0.82

3. “2005_20_gr6” (Problem ID: 23332) [MA — 2005 — SPRING - 20]

L
r

|
) ==
|
o
|
—
=
p—
2
[FS 4
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Marta is plotting points on the number line above. Between which two num-
bers should Marta plot -2 ¥2?

o A)land2
o B)2and3
o C)-2and-1
o D)-3and-2

2. “2005_6_gr6” (Problem ID: 12341) [MA - 2005 - SPRING - 6]
2x+2=10

What value of x makes the equation shown above true?

o Ax=4
o B)x=6
o C)x=8
o D)x=12

3. “2005_12_gr6” (Problem ID: 12361) [MA - 2005 - SPRING - 12]
The radius of a circle is 14 inches. What is the diameter of the circle?

4. “2005_15_gr6” (Problem ID: 123606)
Mr. Young wrote five numbers on the board in his classroom. After class, one
of the numbers was erased. Four of the five numbers are shown below.

18253017 2

If the median of the five numbers that Mr. Young wrote on the board was 18,
which of the following could be true?
o A) The number that was erased was greater than 30.
o B) The mode of the five numbers Mr. Young wrote on the board was
24,
o C) The mean of the five numbers Mr. Young wrote on the board was
22.6.
o D) The number that was erased was less than or equal to 18.

APPENDIX D: SAMPLE HINTS
3.)

| L L L
-1 ] T

-3 -2 -1 0 1 2 3

Marta is plotting points on the number line above. Between which two num-
bers should Marta plot -2'/,2

L L
L L
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Answers:
A)1land2
B) 2 and 3
C)-2and-1
D) -3 and -2

left side right side

1 »
T T T T T >

-3 -2 -l 0 1 2 3
-2/, should be 2'/, units away from zero. What side of zero should -2'/, be on?

Answers:
the left side
the right side

Hint 1:

The numbers to the right of zero on the number line are positive and are greater
than zero. The numbers to the left of zero on the number line are negative and
are less than zero.

Hint 2:
Marta should plot -2'/, on the left side of zero because it’s negative. Between
which two numbers should Marta plot -21/22

Answers: (Interface Type: RADIO_BUTTON)
A) land 2

B) 2 and 3

C)-2and -1

D) -3 and -2

Hint 1:
Marta should plot -2'/, on the left side of zero, between two negative numbers.

Hint 2:
-2/, should be 2'/, units away from zero. Is that to the left of -2 or to the right
of -2?

Hint 3:

-2'/, should be plotted between -3 and -2. Choose D.
4. Write 12/30 as a percent.

Answers:

40%

40

First, it will help to reduce the fraction to tenths. What is 12/30 reduced?
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Answers:

3/10

4/10

4/5

6/12

Hint 1:

What is a common factor between 12 and 30 that will give you 10 in the de-
nominator?

Hint 2:
The common factor is 3. Divide 12 and 30 by 3.

Hint 3:
12/30 = 4/10

Hint 4:
Choose 4/10.
Good. What is 4/10 in percent?

Answers:
0.4%
0.04%
4%

40%

Hint 1:

There are several ways to change a fraction to a percent. One way is to divide
the numerator by the denominator and move the decimal point 2 places to the
right.

Hint 2:
What is 4 divided by 10?

Hint 3:
40%
4/10 = 0.4. Now move the decimal point 2 places to the right.

Hint 4:
0.4 = 40%. Choose 40%.

5. Write 15/25 as a decimal.

Answers:

0.6
First, it will help to reduce the fraction. What is 15/25 reduced?

Journal of Research on Technology in Education 357



Answers:

3/5

Hint 1:
What is the greatest common factor between 15 and 25?
Hint 2:
The greatest common factor is 5. Divide 15 and 25 by 5.

Hint 3:
15/25 = 3/5

Hint 4:
Type in 3/5
Good. What is 3/5 in decimal?

Answers:

0.6

Hint 1:
One way to change a fraction to a decimal is to divide the numerator by the
denominator, but it is easier to convert this fraction to tenths first.

Hint 2:

3/5 *2/2 = 6/10. To divide by 10, move the decimal point one place to the left.
(Since there is no decimal point, think of 6 as 6.0 and move the decimal point
one place to the left.)

Hint 3:
6/10 = 0.6 or 0.60

Hint 4:
Type in 0.6.
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