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ABSTRACT

This paper summarizes a quantitative study of the effects of animafed agents in web-based instruction (WBI) on
mathematics achievement and affitudes foward mathematics in post-secondary education. Eighty-one college
students who were enrolled in a core mathematic course at a doctoral/research-extensive university in central Alabama
participated in this study. Using a pretest - posttest control group design model, the study verified that the presence of
animated agents in WBI can improve postsecondary students' mathematics achievement and affitudes foward
mathematics. In addition, the interaction of gender choice of the animated agent with several demographic factors
did statistically affect aftitudes foward mathematics. These findings can be used fo beffer design, develop, and
implement a web-based tutorial that promotes positive affiftudes toward learning mathematics and long-term
mathematics achievementin postsecondary mathematics.
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INTRODUCTION

Most post-secondary education students, regardless of
their academic major, are now required to complete a
core mathematics course (Simmons & Jones, 2005).
Many of these students have not demonstrated the
interest or ability to excel in mathematics and are
apprehensive about enrolling in a mathematics course
because of previous experiences in a mathematics class
(Coben, O'Donoghue, & Fitzsimmons, 2000; Cohen,
2000). Thus, it has become very important to find or
develop appropriate instructional design methods that
can help to improve attitudes toward mathematics as
well as mathematics achievement among those
students who are not mathematically oriented.
Multimedia usage, such as, computers, audio,
animation, animated agents, and video, in educational
technology has the potential to offer a mathematical
learning environment that is more effective and
enjoyable (Kulik & Kulik, 1991). However, inclusion of
media does not guarantee satisfactory learning
outcomes (Moore, Burton, & Myers, 2004).

Technological advances, such as web-based course
management systems and animation, have made web-

based instruction (WBI) an attractive option for providing
intferactive activities to promote positive learning
environments. Not surprisingly, interest in using animated
agents in WBI has increased exponentially to improve the
attractiveness of WBI. Multimedia tools have become
more accessible, and they have proven to be very
effective in motivating students to learn and changing
students' attitudes fowards learning (André, Rist, & Mller,
1997; Barron, 2004; Bates, 1994; Johnson, Rickel, & Lester,
2000).

The purpose of this study was to determine the effects of
animated agents on achievement in post-secondary
mathematics education and attitudes toward
mathematics. By focusing on college students who do
not demonstrate the ability to excel in mathematics and
are notintrinsically motivated to complete mathematical
tasks, we can gain valuable information or knowledge
that can assist with the design and development phases
of effective tools that are beneficial to diverse learners.

Review of Literature
Animated Agents:

Animated agents are implemented in WBl and appearon
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the screen as “embodied characters and exhibit various
types of human-like behaviors, such as speech,
emotions, gestures and eye, head and body
movements” (Dehn & van Mulken, 2000, p. 2). The
appearance, voice, and ability to communicate ideas
are some of the essential components for establishing a
clear communication between the student and the
instructor. This may, in turn, affect student attitudes toward
the content and the instructional environment. Lester and
Stone (1997)indicate that the persona effect, whichis the
presence of an animated agent in aninferactive leaming
environment, can positively affect students' perceptions
of how wellthey canlearnin this environment.

Mathematics Achievement in Post-secondary
Education:

Many students' mathematics achievement in post-
secondary education depends on a myriad of factors
such as K-12 mathematics experiences, attitudes towards
mathematics, parental atfitudes toward mathematics
and procrastination (Byres & Miller, 2007).  If students
have a good K-12 mathematics experiences and have a
positive attitude towards mathematics and learning, they
are more likely to excel in postsecondary mathematics
course (Gal & Ginsberg, 1994). Thus, in order for students
to excel in any learning environment, they must have a
positive attitude towards learning.

Attitudes toward Mathematics:

Before leamning begins, students may already possess
aftitudes that may affect their ability and motivation to
learn (Wlodkowski, 1999; Zahn, 1969). Attitudes can be
formed at a young age and continue to manifest as we
encounter positive and negative experiences along with
cultural and social stereotypes. As with all types of
learning, having a positive attitude can provide the
necessary motivation and belief that we can achieve. For
non-STEM (Science, Technology, Engineering, and
Mathematics) students, they may experience a higher
degree of anxiety or negative affitude when entering
mathematics-related courses (Gal & Ginsberg, 1994).
Thus, it is very essential fo intfroduce instructional tools that
promote attitudinal improvement, which will lead to

better understanding and achievement.
Methodology

There were 81 college undergraduate students (23 males
and 58 females) atftending a doctoral/research-
extensive university in central Alabama during the
summer and fall semesters. Each participant was
enrolled in a Pre-Calculus course that was offered by the
Department of Mathematics and Statistics for non-STEM
majors. Seventeen participants were enrolled during the
summer semester, and the remaining 64 were enrolled
during the fall semester. Seventy-nine percent of the
participants were freshmen, 3.7% were sophomores,
8.6% were juniors, and 8.6% were seniors. Age of the
participants ranged from 19 to 24 years.

In this study, Adam, a WBI system that offers various forms
of instruction using animated agents with verbal audio
(Gilbert, 2002), was implemented. In Adam, students
receive instruction from an animated agent via verbal
audio, graphics, text, animation and other web
deliverable media. Figure 1 gives anillustration of alesson
module in Adam. The animated agent speaks o the
student as if he was an instructor. The student views the
lesson content in the frame on the right and reads along
as needed. The student can also pause the animated
agent, read the material and then restart the animated
agent. The student has the ability to click the question
mark button to type a question that is submitted to a real
teacher. When the teacher responds, the student will then
receive an emailmessage with the answer.

Furthermore, in Adam, students have the ability to select
the persona of theirteacher. There is a smiley face button,
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Figure 1. Snapshot of Adam Lesson Module
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Figure 2. Snapshot of Adam - Teacher Selection

which represents the persona selection feature (see
Figure 1). When a student clicks on the persona selection
feature, s/he will be presented with the teacher selection
screen (Figure 2). Each teacher, or persona, has a
different physical appearance, voice and facial
emotions (e.g. Some smile more than others). Each
teacher delivers the exact same lecture for the same
lesson content using his/her unique voice and facial
emotions. Finally, at the end of each lesson module in
Adam, the student is presented with an assessment.
Assessments implemented in Adam are posted in web
format using HTML forms.

For this study, students need not access Adam in the
classroom, but can access it from any computer with
Internet connection, during non-class hours with an
Internet browser and a Haptek Player plug-in. (Haptek
Player was used to display the animated agents (Haptek,
2008)).

In addition to the implementation of Adam, two lesson
modules and assessment were created to test students'
knowledge of i) solving quadratic functions and
ii) graphing piecewise functions. Each module contained
three problems and assessment related to the module
content. Based on the feaching experience of one

author, the content for the modules was chosen because
most non-STEM majors tend to have difficulties with these
topicsin aPre-Calculus course.

Data Collection Procedure

This study implemented a pretest-posttest control group
design with matching:

Participants were grouped into pairs on the basis of their
pre-assessment scores (Borg & Gall, 1989). The
experimental group (n= 38) completed lesson modules
using Adam, whereas the control group (n = 41)
completed paper versions of the lesson modules without
using Adam. Both groups had access to the same
curriculum, materials, syllabus, exams, and a face-to-
face learning environment, which was taught by different
instructors.

The dafa collection process was divided info three
stages:

Pre-assessment stage, lesson module completion stage,
and post-assessment stage. The purpose of the pre-
assessment stage was to gather mathematics
achievement and mathematics attitudinal data before
the introduction of Adam by completing a pre-lesson
assessment activity (that corresponded to the lesson
module) and the Sandman's Mathematics Attitude
Inventory. As a homework assignment, each participantin
the experimental group was asked to complete the
lesson module using Adam, and each participant in the
control group was asked to complete the paper-based
version of the lesson module. At the completion of each
lesson module, all participants completed a post-lesson
assessment that corresponded with that module.
Participants were allowed to ask their instructors questions
pertaining to the lessons and Adam. Finally, the
researchers used the aftitudinal scale from the pre-
assessment stage to gather attitude data after
completing all the lesson modules.

The independentvariables for this study were :

WBI using Adam and several demographic factors as
college classification, gender, and WBI experience. To

measure WBI experience, each student was asked if they
ever enrolled in a course that utilizes WBI and/or
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College Classification (1) Freshman  (2) Sophomore

(3) Junior (4) Senior
Gender (1) Male (2) Female
Enrollment in a course that (0) Yes (1) No
utilized WBI
Completion Web-based (0) Yes (1) No
course

Table 1. Transformation of Demographic Factors

completed a WBI course. Table 1 illustrates the
fransformation of the demographic factors.

The dependent measures for this study were:

The difference between post-and pre-mathematics
lesson assessment scores and the difference of attitudes
toward mathematics post - and pre-assessment scores.
Furthermore, student performances on exam problems
that were related to the content delivered via Adam were
compared between the two groups. The lesson
assessment scores measured immediate mathematics
achievement, whereas, the average score of the exam
problems measured the fransfer of mathematical
knowledge that pertained to the lesson modules.

Results

An one-way ANOVA that investigated the differences
between the experimental group and the confrol group
[see Table 2] showed that there were significant
differences among both group when investigating
mathematics achievement [F = 3.990, p < .05] and
attitude change towards mathematics [F = 4.733, p <
.058]. The experimental group significantly outperformed
the control group on all lesson assessments, which
measured immediate mathematics achievement.
However, there existed no significant differences between

the two groups when investigating the transfer of
mathematics knowledge [F = .672, p > .05]. Thus, the
two groups performed similarly on exam problems that
were related to the content delivered through Adam.

To examine the effects of animated agents on
mathematics achievement and atftitudes towards
mathematics based on gender, two-way ANOVAs were
performed. Results of these ANOVAs [Table 3] showed
that the main effects for gender [F = .002, p > .05],
[F = .150, p > .05] and the interaction between gender
and group type [experimental and control] [F = .327,
p > .05], [F = .219, p > .05] failed to reach significanct
differences in mathematics achievement and affitudes
tfoward mathematics, respectively. This suggests that
females are just as mathematically inclined as males. In
addition, the experimental group experienced a positive
change in their attitude towards mathematics, while the
control group experienced anegative change.

When examining college classification and attitude
change toward mathematics, the main effects for group
type [F = 7.197, p < .05] reached statistical significance,
while the main effects [F = .347, p > .05] and their
interaction [F = .1.768, p > .05] failed to reach statistical
significance [Table 4]. These results indicate that the level
of attitude change towards mathematics was higher for
students in the experimental group than for those in the
conftrol group. For college classification, the main effect

Source Typell df Mean F  Sig.
Sum of Square
Squares
Immediate Group Type 7.094 1 7.094 4.080 .047*

c hens
OMPIENeNSIon & (Group Type) 132,708 78 1.701

Gender 003 1 .003 .002 .966
Group Type * Gender .568 1 568 327 569
Sumof  df Mean F Sig.
Squares Square Error 132.140 76 1,739
Mathematics ~ BeTWeenGroups 6789 1 6789 3.990 049~ Group Type 733 1 733 704 .404
Achievement Transfer of
Within Groups~ 132.708 78  1.701 Knowledge Eror (Group Type) 80432 77 1.045
, Belween Groups  .385 1 .385 4.733 .033* Gender 2125 1 2125 2041 157
Attitude Change N
towards Group Type * Gender .100 1 100 .096 757
Mathematics  within Groups ~ 5.046 62 081 Error 78.073 75 1.041
*p < .05 *0 < .05

Table 2. ANOVA Group Type Mathematics Achievement
and Attitude Change towards Mathematics

Table 3. ANOVA Gender by Group Type Mathematics
Achievement
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Source Type lll df Mean Square F Sig.

Sum of Squares

Group Type .583 1 583 7.197 .010*
College Classification .084 3 028 347 792
Group Type * College 286 2 143 1.768 .180
Classification
Error 4.617 57 .081

*0 < .05

Table 4. ANOVA College Classification by Group
Type Attitude Change towards Mathematics

shows that for the experimental group, the sophomore
class experienced a slight improvement in their attitude
towards mathematics, whereas for the control group, the
freshman class experienced a slightimprovement. There
were no significant differences when examining college
classification and mathematics achievement [Table 5].

The study also investigated how previous experience in
courses that utilized WBI might affect attitudes [Table &].
For the experimental group, students who had used WBI

Type lll  df Mean F Sig.
Sum of

Square
Squares
Immediate Group Type .826 1 0.826 472 494
Comprehension  -jeqe 4205 3 1402 802 497
Classification
Group Type * 3.333 3 1.111 635 .595
College
Classification
Error 125.901 72 1.749
Transfer of Group Type 011 1 011 010 .921
Knowledge
© College 4.860 3 1.620 15531 214
Classification
Group Type * .299 3 .100 094 963
College
Classification
Error 75.136 71 1.058

*p<.05

Table 5. College Classification by Group Type Mathematics
Achievement

Source Type Il df Mean Square F Sig.
Sum of Squares
Group Type .381 1 381 4.576 .036*
Enrollment in Courses that .022 1 022 261 .611
utilized WBI
Group Type * .028 1 .028 .335 .565

Enrollment in Courses
that utilized WBI

Error 4.993 60 .083

*p < .05

Table 6. ANOVA Enroliment in Courses that utilized WBI by
Group Type Attitude Change towards Mathematics

had a more positive attitude change in mathematics
than those without WBI usage. The reverse was frue for the
control group wherein students with previous WBI
experience demonstrated a more negative affitude
change inmathematics than students without WBl usage.

For completion of WBI courses, the affitude changes
toward mathematics reached statistical significance
[Table 7] for group type main effect [F = 4.576, p < .05],
but not for WBI experience [F = .261, p > .05] and their
interaction [F = .335, p > .05]. The change was higher for
students in the experimental group than for those in the
control group.  However, there were no significant

differencesin mathematics achievement.

Finally, the interaction of gender choice of the animated
agent by the student with one of demographic factors,
college classification, did statistically affect attitudes
toward mathematics [F = 5.039, p < .05]. Participants
with freshman status who chose a female agent
mathematically outperformed the other students with
different classification status.

Discussion and conclusion

Results of statistical tests determined that the presence of
animated agents in web-based mathematics education
and positive reinforcement may have led 1o the
improvement of students' attitudes toward mathematics
and mathematics achievement. Students in the
experimental group experienced positive changes in
regards to their perception of their mathematics
instructor, anxiety towards mathematics, the value of
mathematics in today's society, self-concept of
mathematics, enjoyment of mathematics, and

Source Type lll df  Mean Square F Sig.

Sum of Squares

Group Type 675 1 675 8.468 .005*
Completion of WBI .028 1 .028 348 558
Courses
Group Type * 307 1 .307 3.852 .054
Completion of WBI
Courses
Error 4.703 59 .080

*o < .05

Table 7. ANOVA Completion of WBI Courses by
Group Type Atftitude Change towards Mathematics
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motivation in mathematics whereas the students in the
control group experienced negative changes in all the six
areas. Finally, according to this study, the characteristics,
such as gender and functions of the animated agents
are important fo consider when designing and
developing a web-based mathematical virtual learning
environment.

Based on this study, the presence of animated agentsina
mathematical learning environment does have the
capability to provide the enrichment and support that
can make a student feel more comfortable and
motivated to learn mathematics. Thus, the creation and
implementation of a web-based mathematical leaming
environment that incorporates animated agents may
lead to improvement in mathematics achievement and
attitudes (Baylor & Kim, 2003). In conclusion, more non-
math oriented students can attain the fundamental
concepts and skills to be successfulin their discipline.
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