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Abstract

Many intelligent tutoring system (ITS) researchers are looking at
ways to detect and to respond to student emotional states (for
instance animated pedagogical agents that mirror student
emotion). Such interventions are complicated to build, and do
not take advantage of the potential for teachers to be part of the
process. We present two studies that intervene when a student is
having trouble by presenting the student with a YouTube video
that is recorded by their own teacher and that delivers a
motivational message to help them to persist with the learning
session. We experimentally compared two different motivational
interventions, which are both grounded in the literature on
student affect and motivation. We also had a control condition
that had no video. We found that when looking at students’ self-
reports on the value of mathematics, we found a main effect of
condition for the value-video. In Study 2 we examined whether
these 60-second videos could impact homework completion
rates and found that in fact homework completion rates were
higher for students in the value-video condition. The present
research is suggestive of a somewhat novel use of teacher-
generated content that could easily be incorporated into other
ITSs.

Introduction

In recent years, connections between complex learning
and emotions have received increasing attention in the
intelligent tutoring literature (Arroyo et al., 2009; Conati
& Maclaren, 2009; Forbes-Riley & Litman, 2011;
Robison et al., 2009). Deeper understanding of affect-
learning connections is needed to design more engaging
educational technologies, creating the potential for affect-
sensitive ITSs and more engaging educational games (De
Vicente & Pain, 2002; Graesser et al., 2008;). The focus
on affect is motivated by the realization that affect and
cognition are complementary processes in learning
environments.
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In light of the affect-cognition relationship, a number
of research groups have been addressing the problem of
building learning environments that detect and respond to
affective states such as boredom, confusion, frustration,
and anxiety; Burleson & Picard, 2007; Chaffar et al.
2009; Conati & Maclaren, 2009; D'Mello et al., 2010;
Robison et al. 2009). These systems use state-of-the art
sensing technologies and machine learning methods to
automatically detect student affect by monitoring facial
features, speech contours, body language, interaction logs,
language, and peripheral physiology (e.g.,
electromyography, galvanic skin response) (see (Calvo &
D’Mello, 2010) for an overview). These affect-sensitive
systems then alter their pedagogical and motivational
strategies in a manner that is dynamically responsive to
the sensed affective states. Some of the implemented
responses to student affect include affect mirroring
(Burleson & Picard, 2007), empathetic responses, and a
combination of politeness, empathy, and encouragement
(D'Mello et al., 2010).

The above studies represent some of the contemporary
approaches to recognizing and responding to affect.
Some are multi-million dollar efforts. This study takes a
different approach in attempting to improve student affect
using teacher-generated video messages. Our study does
not attempt to create a sophisticated emotional model of
the student. Instead we attempt a novel approach of
leveraging the “skill builder” infrastructure in the
intelligent tutoring system, ASSISTments to deliver the
motivational interventions.

The present interventions are grounded in the control-
value theory of academic emotions (Pekrun et al., 2006)
and on perspectives that highlight the importance of
students’ attitudes on the malleability of intelligence
(Dweck, 2006).

According to Pekrun’s control-value theory of
academic emotions, subjective appraisals of control and
value of a learning activity give rise to student affect
(Pekrun et al., 2006,). Subjective control pertains to the
perceived influence that a learner has over the activity,



while subjective value represents the perceived value of
the outcomes of the activity. Engagement is increased
when task value is high, but boredom dominates when
learners feel like they are being forced to exert effort on
an activity they do not value (Pekrun et al., 2010).
Therefore, one would expect that students completing a
homework assignment might experience boredom when
task value is perceived as being low or when problem
difficulty is considerably below or above their skill level.

In a related vein, Dweck and colleagues discovered that
people with trait-based beliefs in their own competencies
(also termed the “entity theory of intelligence” or the
“fixed mindset”) are much more likely to disengage when
they are confronted with challenges and threats of failure
(Dweck, 2006). In contrast, individuals who believe that
their competency can be developed with practice and
effort (i.e., the “incremental theory of intelligence” or the
“growth mindset”) are more resilient to failure and its
resultant negative effect (such as frustration or anxiety).
Past research suggests that messages that help students
change their attributions of failure from external, fixed,
and uncontrollable factors to internal, malleable, and
controllable factors are effective at re-engaging students
(Shores & Smith, 2010;). Students are expected to
become frustrated and disengage when they perceive that
the learning task is out of their control due to adherence to
entity theories of intelligence.

In line with these theories, one proposed intervention
consists of displaying a video message designed to help
learners appraise the learning task, so as to increase its
perceived value (value-video condition). The message
reminds learners that although they may see little value in
the specific current task (e.g., surface area of 3-
dimensional figures), each task helps to broaden and build
upon their math skills, get a good grade, progress to the
next grade level, and that the content covered has the
potential to be used in a future career or to improve
general problem solving abilities. The other intervention
(control-video) incorporates a motivational video message
to the students in order to help them alter their attributions
of failure, and promote a growth mindset. This
intervention emphasizes the fact that failure is part of
learning and if the student continues to work hard, they
will be met with success. A third condition, called the no
video condition serves as the experimental control.

Such interventions are intended to address student
beliefs; targeting attributes like “grit” rather than provide
academic assistance. Therefore, immediate learning gains
are not to be expected. However, it has been determined
that “grit”, or perseverance, is essential to success in a
variety of domains (Duckworth et al., 2007). This
suggests that interventions that positively impact grit and
increase persistence, might lead to higher long-term
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learning gains. Measures of perseverance include
homework completion (Fredricks et al., 2011).

Much of the prior work that attempted to manipulate
the fixed mindset was done in a laboratory setting. These
interventions are unique in that they were tested in the
context of a real math class and over the course of an
actual homework assignment with ASSISTments, a math
ITS (Mendicino et al., 2009; Kelly et al, submitted), thus
providing ecological validity. ASSISTments allows
students to complete problem sets for homework,
providing tutoring and hints at the student’s request. The
pre and post-tests were administered during class before
and after the targeted homework assignment with
ASSISTments, respectively. These students were
accustomed to using ASSISTments, so, while the
embedded video was novel, the homework task was not.

The research questions are:
la. Can a teacher-generated video help change students’
perceptions of the value of math or encourage a “growth
mind-set”? (Study 1 and 2)
1b. Can the motivational videos increase persistence, as
measured by homework completion? (Study 2)
2a. Does one video (control or value) have a greater
impact on student perceptions than the other? (Study 1 &
2).
2b. Does one video (control or value) have a greater
impact on homework completion rates than the other?
(Study 2)

Study 1

This study attempted to use an intelligent tutoring system
to deliver a motivational message in the form of a video
starring the teacher. The videos targeted either students’
value in or their control over the learning activity. The
effects of the videos on students’ perceived value, control,
and learning gains were measured and analyzed.

Videos

The intervention consisted of students viewing one of two
possible videos. The teacher used a video camera to
record herself reading the script. The videos were then
uploaded to YouTube and the link to the video was an i
frame embedded into the html of the problem in
ASSISTments. The videos were of their math teacher
delivering a motivational intervention. The control video
had the teacher explaining that if the student works hard,
they can be successful. The value video had the teacher
explaining how important math homework is to learning
as well as to their future. (See Kelly (2012b) for the actual
videos). The script for the control video was based on
Dweck’s (2006) work on mindset. However, the first
author, who was the teacher in the study, revised the



scripts multiple times to tailor them to middle school
students. For example, to convince students that their
work in math class has value, a reference to problem
solving in video games was made as an appropriate
connection. A primary goal was to keep the videos short
in order to ensure that students were engaged.

Participants and Design

Twenty-four 7" grade students in a suburban school in
Massachusetts participated in this study as part of their
homework in their math class. In an attempt to balance
the groups, students were blocked into groups based on
prior knowledge. This was done using students’ current
averages in math class, ordering them from least to
greatest, taking three consecutive students at a time and
randomly assigning them to the no-video condition (n=8),
control video condition (n=8), or value video condition
(n=8).

Procedure

Students were given a pre-test and a pre-conception
survey in class. The pre-test consisted of five content
questions (adding and subtracting fractions). The actual
pre-test can be found in Kelly (2012a). The pre-
conceptions survey consisted of five questions to measure
attitudes towards value and control. The survey questions
were adapted from the Academic Emotions Questionnaire
(Pekrun, Goetz & Perry 2005) and responses were
measured via a 5-point Likert scale. See Kelly (2012) for
the questions and other study materials.

Students were then given a homework assignment in
ASSISTments. As part of the students’ typical routine,
this assignment was completed at home as their math
homework. The homework started with three content
related questions that were morphologically similar to the
pre-test. Students in the experimental conditions, who got
at least one of these questions wrong were given a link to
either the control video or the value video. The
assignment continued with content related questions until
the student independently and correctly answered three
consecutive questions. Correctness feedback was
provided and hints were available upon student request to
assist in answering questions. Finally, after completing
the content questions, students were given the same five
survey questions that had been asked during the pre-test.
To see the entire assignment, as a student would
experience it, see Kelly (2012c).

The next day, students were given a post-test in class.
The post-test consisted of five morphologically similar,
content related questions. Five days later, a retention
post-test was given consisting of five content related
questions (see Kelly (2012d) for the items). Students also
completed the 5-item survey at both these testing points.
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Results

Five students answered the first three questions on the
homework assignment correctly. They did not receive the
intervention and were therefore excluded from the
analysis. Only students who completed all of the tasks
were included (n=16). There were no significant
differences found on the pre-test or conceptions survey
prior to the intervention.

The results of the survey questions are shown in Table
1. An ANOVA showed a significant main effect of value
video (F(2,13)=4.51, p=0.03) after completing the
homework assignment. Specifically, post hoc tests
showed that students viewing the value video showed
marginally higher appraisals of the perceived value of
math than the students in the no video condition
immediately  after the  homework  assignment
(F(1,14)=3.01, p=0.084). The effect size, using Hedges
correction (CEM 2013), was estimated to be 1.22.. This
effect was stronger the following day on the immediate
post-test (F(1,14)=4.30, p=0.037), with an effect size of
1.52 and a 95% confidence interval of 0.22 to 2.82. This
effect lasted to a lesser degree (effect size of 0.92),
several days later on the delayed post-test (F(1,14)=2.09,
p=0.12)..

There were no significant differences of meaningful
trends for the control-video, which suggests that this
intervention was less successful than the value video. We
were also unable to measure perseverance through
homework completion rates since all students completed
the assignment.

Table 1: Mean and standard deviations (in parenthesis) for
survey questions asked during each task by condition.

Value Control

Pre Test No Video 3.6 (0.6) 4.2 (0.4)
Value Video 3.8 (0.8) 4.4(0.4)

Control Video 4.3 (0.3) 4.4 (0.5)

Homework No Video 3.6 (0.6) 4.3 (0.4)
Value Video 4.4 (0.7) 4.4(0.2)

Control Video 4.1 (0.5) 4.4 (0.5)

Immediate Post No Video 3.3(0.6) 4.1 (0.5
Value Video 4.3 (0.7) 4.2 (0.5)

Control Video 3.5 (0.6) 4.0 (1.1)

Delayed Post No Video 3.4(0.5) 4.2 (0.5)
Value Video 4.1 (1.0) 3.8(1.1)

Control Video 3.1 (0.9) 3.8(0.9)

Additionally, due to the small sample size and scale of
the intervention, differences in learning gains were not
expected. However, for completeness, mean scores were
calculated and can be found in Kelly (2012). As expected,
learning gains were not reliably different on the



immediate post-test (F(2,13)=0.036, p=0.9),
delayed post-test (F(2,13)=0.067, p=0.9).

or the

Study 2

Based on the results of Study 1, we refined the procedure
before replicating the study. The homework task was
lengthened and made more challenging so that differences
in homework completion rates could be calculated, the
pre-test was embedded in the homework, and the
preconception survey was administered twice instead of
four times.

Participants and Design

Seventy-six g™ grade students in a suburban school in
Massachusetts participated in this study as part of their
homework in their algebra math class. As in Study 1,
groups were balanced using blocking on prior knowledge,
and were then randomly assigned to a no-video condition
(n=29), control video condition (n=38), or value video
condition (n=38).

Procedure

Students were given a homework assignment in
ASSISTments. The first six questions of the assignment
were used as a pre-test to assess how fluent students were
in finding the surface area of cylinders. Students who
answered all six questions correctly (n= 16) were then
given survey questions but were not given the
intervention and were therefore not included in the study.

Following the pre-test, students in the experimental
condition, who answered at least one question incorrectly,
were given a link to one of two possible videos on
YouTube. The videos were the same from Study 1.
Students were then asked to indicate how many questions
they though they answered correctly. Students in the no-
video condition were simply asked this question and were
not given a link to a video.

Students then began the homework assignment, which
consisted of three sections. The first section required
students to find the surface area of a cylinder. Students
completed this section by answering three questions in a
row correctly. The second section required students to,
given the surface area, find the height, radius, diameter,
base area, or lateral surface area. Again, students
completed this section by answering three questions in a
row correctly.  ASSISTments provided correctness
feedback as well as offered hints on demand to students.
The third section of the assignment consisted of eight
survey questions to measure students’ attitudes towards
value and control. A 5-point Likert scale was used. Based
on student feedback from Study 1, we limited the number
of times we asked students these questions and therefore
included additional questions for a more robust measure
(see Kelly 2012e).
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The following day, in-class, students were given a post-
test. This test consisted of six questions that were
morphologically similar to the ones given on the pre-test.
Finally, six days later students were given a retention
post-test, again consisting of six morphologically similar
questions. Following the retention post-test, students were
given the same eight survey questions. To preview an
actual post-test see Kelly (2012f).

Results

Sixteen students who answered the first six questions
correctly did not receive the intervention and were
therefore not included in the analyses. To analyze
homework completion rates, only those students who
attempted the homework assignment were included in the
analysis (n=60). Students in the value video condition had
substantially higher homework completion rates (95%)
when compared to students in the control video (70%)
and no video conditions (69%). A Chi-Square test
revealed that these differences were marginally significant
(X*(2)=4.611, p=0.099).

For the analysis regarding survey questions and
learning gains, only students who completed all three
tasks, and who received the intervention (in the case of
the experimental condition) were included in the analysis
(n=27). Responses to the value and control questions were
averaged together, with question 7 being reversed scored.
There was no condition effect for the control video or
value video, thereby failing to replicate a finding from
Study 1. It is important to note, that students had to
complete the homework to receive the survey questions.
Therefore, there is the potential for selection bias in these
results; specifically, if students that got the value video
were more likely to complete their homework, the sample
of students in the value condition might have a different
perception of the survey questions. This possible source
of bias might account for our failure to replicate the
findings from Study 1 pertaining to the value-video.

Similar to Study 1, no significant differences were
found in percent correct on the immediate post-test
(F(2,25)=1.67, p=0.20) or the delayed post-test
(F(2,25)=1.27, p=0.30). See Table 2 for average
perceptions and test scores by condition.

Table 2. Means and standard deviations (in parenthesis) of survey
questions on each task by condition and for percent of correct answers
on knowledge tests

Control Value No Video
Survey Questions
HW Control 4.0 (0.5) 3.6 (0.3) 4.1 (0.5)
HW Value 3.7(1.1) 4.1(0.6) 4.4(0.8)
Post-Test Control 3.6 (0.8) 3.4(0.5) 3.8(0.3)
Post-Test Value 3.9(0.9) 3.9 (0.8) 4.1(0.7)
Test Performance
Pretest 65% (22) 64% (21) 56% (33)
Immediate Post 87% (12) 77% (23) 92% (9)
Delayed Post 95% (5) 89% (13) 95% (4)




Contributions and Discussion

This study suggests a novel use of ITS in a highly
ecologically valid situation (i.e., use in a real math
classroom for homework).  We hypothesized that
providing motivational videos from students’ own teacher
might increase their motivation and problem completion
rates. We found a positive effect for the value-focused
video on students’ perceptions of value in math in Study 1
and on homework completion rates in Study 2. The
control-video did not yield any benefits over not receiving
a video.

We anticipated the difficulty in obtaining statistically
significant effects given that our intervention consisted of
a 60-second video and the sample sizes were quite small.
Clearly, future studies should be conducted implementing
more substantial and long-term interventions. A longer-
term study might also address the significant attrition we
encountered, as there would be more opportunities for
intervention and growth.

We acknowledge that the empirical contributions of
this work are modest. Instead, the main contribution of
this paper is to develop a proof-of-concept of cost-
effective motivational interventions in ITSs. The long-
term goal of this research is to identify interventions that
work (from both a cognitive and motivational standpoint)
and to deploy these at the appropriate time. For example,
we envision a system that identifies when and why
students are struggling and displays different types of
prerecorded messages. There will need to be different
messages for different anticipated problems; some might
be content related but others might be focused on
motivation. We are in the process of augmenting
ASSISTments with the infrastructure to support teachers
posting their own messages for common situations, and
these messages can be accompanied with videos, which
would allow us to test the hypothesis that individual
teacher messages might be better than generic messages.

Additionally, matching the interventions to the specific
needs of the student might yield more impressive
outcomes. Specifically, a learner who is struggling and
therefore risks disengagement due to low appraisal of
control (despite valuing mathematics) might receive
supportive messages or a video to help the student have a
greater sense of control. This intervention might succeed
in alleviating boredom in the short-term, but boredom
might emerge as the session progresses (value decreases)
and as the topic is mastered (control increases). In this
situation, additional messages, either text or video, may
be required. Similarly, offering praise for success should
also be investigated.

Simple user modeling techniques might allow for more
personalized messages, however more sophisticated
tracking of student affect might be needed for finer
grained interventions. For example, ASSISTments is
currently incorporating automated detectors of boredom,
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engagement, and other problematic behaviors (Sao Pedro
et al. (submitted). More research is needed to see if
personalizing motivational feedback to individual
students goals and needs is an effective way of improving
ITSs.

It is also important to compare the effectiveness of
teacher-generated messages versus other motivational
messages. It could be that teacher created video are more
effective due to the fact they come for the students teacher
rather than some generic source (maybe a paid
professional actor) or an animated pedagogical agent.
An added benefit might be an increase in teachers’
willingness to adopt the ITS if they feel they can override
system default messages with their own personalized
messages.

In conclusion, Study 1 showed promising results in the
ability to alter student perceptions of the value of math by
showing a short, teacher-generated video during a
homework assignment. Study 2 showed that this
intervention might also increase motivation and therefore
homework completion rates, which over time could lead
to improved learning. These studies were intended to
serve as a proof-of-concept to test the idea that there
might be potential benefits for including teacher-delivered
motivational interventions within the context of
mathematics homework completion with an ITS. Further
research is needed to refine the interventions, augment the
infrastructure to afford easy production of additional
messages for a variety of situations by a variety of
teachers, understand how to tailor messages to different
situations and learners, and to study the long-term
efficacy of this approach to facilitate learning by
increasing motivation to persist in light of difficulty when
it is so much easier to simply give up.
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