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Abstract

How students do homework has been underresearched
relative to classroom learning because it is more
difficult to collect data on students’ homework
behaviors. Presumably, such data would have
implications for students’ achievement. To understand
how students do homework and how homework
performance and behaviors relate to end-of-year
standardized test scores, we analyzed the system logs
from an online homework support platform used by
more than 1,500 seventh-grade students in Maine.
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Introduction

Homework is a well-established practice in schools and
has been stable since the mid-1980s [10, 12]. Yet
public controversy has arisen from time to time about
homework’s impact on learning [e.g., 2, 11] and
whether it is worthwhile [1]. Research has also
addressed the role and practices of homework and its
relationship with student learning, especially in
mathematics [3-5, 8, 9, 13, 14, 15, 16].

Relative to classroom learning, however, homework has
been underresearched because it is difficult to collect
objective data (as opposed to self-reported data) on
homework behaviors. Little is known about when
students do homework, how long it takes them to
complete it, how much time they spend on problems,
and whether and where they struggle. As educational
technologies such as Khan Academy, ALEKS, and
IXL.com have gained wider use in schools and in the
home, the opportunity exists to better leverage
homework for learning and also better understand
homework practices from the data collected through
computer systems.
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Design of the Maine Online
Homework Efficacy Study

The Maine Online Homework
Efficacy Study was funded by
the Institute of Education
Sciences, U.S. Department of
Education. The study had a
school-level, delayed-
treatment, randomized
experimental design.
Implementation of Use of
ASSISTments was staggered by
cohort. During the 2012-15
school years, 44 schools in
Maine joined the study in two
cohorts. Each school stayed in
the study for two consecutive
years. Within each cohort, half
the schools were randomly
assigned to the treatment
condition and half to the
control condition. A total of 87
seventh-grade math teachers
in the treatment schools used
ASSISTments to assign and
review homework. They were
expected to assign
approximately 25 minutes of
homework in ASSISTments for
a minimum of three nights per
week. The specific days of
assignment were determined
by the teachers.

SRI International, with the University of Maine and
Worcester Polytechnic Institute, conducted a large-
scale efficacy study in 44 schools in Maine. The
objective was to test the hypothesis that the
ASSISTments homework support platform improves
student mathematics outcomes. Teachers choose (or
add) homework items in ASSISTments, and students
complete the items online. Students receive immediate
feedback on the correctness of their answers, hints
messages, or help decomposing multistep problems
into parts. Teachers receive reports with such
information as the percentage of items students got
correct on their nightly assignment and common errors
among groups of students. Teachers are encouraged to
use the information for more targeted homework
reviews and to more generally adapt or differentiate
their teaching. We've analyzed the outcome data from
the study and found a significant treatment effect
(effect size = .27).

Feng et al. [6] had established the assessment validity
of ASSISTments using data on how students performed
and interacted with the system during class time to
predict their end-of-year state test scores. In the
research reported here, we replicated that approach to
explore the relationship between students’
ASSISTments use on homework outside the classroom
and their performance on a summative standardized
test.

Data Source

The data were math homework log data from
ASSISTments, TerraNova test scaled scores (range
400-900), and performance levels (1-5) of 1,555
seventh-grade students from Maine. The ASSISTments
system collects data on student log-in, problems
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solved, problem-solving attempts, requests for help,
response from the online tutor, and assignment
completion status. All the actions are time stamped.
TerraNova is a standardized paper test and was given
to all students in control and treatment groups so as to
have a common end-of-year measure. The test was
nationally norm referenced, and both the scaled score
and performance levels for each student were reported.

Analysis of Homework Log Data

We constructed metrics that represented students’ use,
performance, and behaviors in ASSISTments and
calculated their correlation with students’ scaled scores
from the TerraNova test (Table 1). Among the features,
p_count is a measure of intensity of use, and perc_avg
and p_time_avg are performance measures. The
remaining features captured students’ behaviors: help-
seeking (hint_avg and bhint_avg), frequency of
attempts, time taken to respond to a problem on the
first try, and whether homework was completed on
time, late, or left unfinished (completed_perc,
incomplete_perc, and late_perc). We found that
perc_avg positively and strongly correlated with the
scaled score (.479). We observed a weak negative
relationship (.2 < r < .4) between TerraNova scaled
scores and the behavioral variables hint_avg,
bhint_avg, attempt_avg, and resp_time_avg.

Metrics Description Cor.
p_count Total number of problems 226
completed
0,
perc_avg Avg % gorrect across 479
assignments
p_time_avg Avg numbers of times needed 055
to complete a problem
hint_avg Avg number of hint requests -.340
per problem
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Group Avg t/p
p_count

1 620 Ivs. II:

II 919 t =-9.55,
p < .001;

111 1,097 IT vs. III:
t=-2.31,
p =.02

Table 2. Number of problems
completed by groups

Metrics Description Cor.
Avg number of bottom-out
bhint_avg hint (revealing answer) -.353
requests

attempt_avg Avg number of attempts -.242

resp_time_avg Avg response time -.307
5 -

completed_perc %o of as&gr;r;uteir:rt]se completed 214
5 -

late_perc %o of aSSIQEE};egiSe completed _160
5 -

incomplete_perc o of asi'gtngﬂslseizzrted but -.153

Table 1. Data features and their correlation with students’
scaled scores from the TerraNova test

We then split the students into three groups based on
their performance on the TerraNova test: I,
performance levels 1 or 2; II, levels 3 or 4; and III,
level 5. There was a significant difference in the
p_count among the three groups (see Table 2). Similar
trends were evident across the three groups for other
features. For example, students at a higher
performance level finished more assignments on time,
used a significantly fewer bottom-out hints, and had
significantly fewer incomplete assignments.

After the exploratory analysis, we built a series of
predictive models (Table 3) using students’ TerraNova
scores as the dependent variable and various
combinations of the homework features as predictors
(after they were normalized) and used R? and the
Bayesian Information Criterion (BIC) to compare
models. We started with a baseline linear regression
model with no predictors (model.0), added perc_avg
(model.1), and then added all other features in Table 1
as independent variables. We used a two-direction
stepwise model training and variable selection process,
using BIC as the selection criterion (model.2).
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Of all the models, model.3 had the lowest BIC and the
highest R?, 0.41. It was a two-level mixed-effects
model, including perc_avg, resp_time_avg, and
p_count (the selected variables from model.2) as fixed
effects and a school-level random effect. This
suggested that students doing more homework
problems in less time would have better achievement
outcomes.

Models Independent V. BIC R?
model.0 None 15184 0
model.1 perc_avg 14817 0.22
model.2 | PEC-avg *p_count+ | 4,545 | 026
resp_time
variables in model.2 as

model.3 fixed effects + school 14489 0.41

level random effect

All features as fixed
model.4 effects + school level 14511 0.41

random effect

Table 3. Predictive models, BICs and R?

Conclusion and Future Work

The predictive model using student homework logs
from an online support system did not show results as
impressive as those reported [6] when classroom use
data were used to predict end-of-year standardized test
scores (R* = 0.73). Yet considering that homework (a)
takes only a limited percentage of time in students’
overall learning, (b) is much more distributed and
casual than classroom practice, and (c) is largely self-
monitored and student controlled, we believe this work
contributes to our understanding of how students do
homework and thus can help teachers and students
better leverage it to improve learning outcomes. We
foresee that using technology to drive homework
improvement is an important opportunity for learning
at scale. An immediate next step following this work is
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to examine whether a relationship exists between
students’ use of ASSISTments for homework and any
change in their performance on summative
standardized tests, controlling for their incoming
knowledge.

Given that we have identified variables linked to
student performance, adaptations could be made so
that ASSISTments better supports students. For
example, detectors could be built in to sense and alert
teachers to changes in homework completion patterns
or high rates of bottom-out hints. Teachers could then
provide interventions to promote more effective use of
ASSISTments for homework support.
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