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O o ni ie ma e hen i come o den ma h a i de and performance. Over two
semesters, across treatment sections of college algebra students, we implemented a set of
dynamic computer activities linking animations and graphs. Across all sections, we administered
a f ll online
e of den a i de oward math. Using mixed methods, we analyzed
den a i de o a d ma h and hei e fo mance on a co e final e am. A he end of each
semester, we found statistically significant differences between treatment and comparison
den
e cei ed com etence toward math. Furthermore, treatment students outperformed
comparison students on the course final exam, with statistically significant differences on an item
linked to the dynamic computer activities. When students have opportunities to interact with
dynamic computer activities, it can impact their math attitudes and course performance.
Keywords: Affect, Emotion, Beliefs, and Attitudes; Post-Secondary Education; Research
Methods; Technology
Opportunities matter when it comes to students’ math attitudes and performance. Ideally,
College Algebra courses would be a place where students could gain opportunities to develop
their mathematical competence. However, too often students experience College Algebra courses
as gatekeepers rather than opportunity makers (e.g., Gordon, 2008; Herriott & Dunbar, 2009). To
address this opportunity problem with College Algebra, we investigate the question: How might
College Algebra students’ opportunities to interact with dynamic computer activities, linking
animations and graphs, impact their math attitudes and course performance?
Strategic uses of educational technology, particularly those that involve opportunities for
students to interact with others to discuss mathematical ideas, show promise for promoting math
learning for underserved students (Kitchen & Berk, 2016). In an exploratory study, researchers
implemented dynamic computer activities in a middle school in a high poverty neighborhood,
serving primarily students of color (Schorr & Goldin, 2008). During the intervention, researchers
found that students demonstrated both sophisticated mathematical reasoning and positive affect
toward math, including emotions such as elation (Schorr & Goldin, 2008). We were inspired by
this link between the opportunities for reasoning afforded by educational technology and positive
affect toward math, and we aimed to investigate such relationships on a larger scale.
We focus on an aspect of students’ mathematical affect—their attitudes toward math (Ding,
Pepin, & Jones, 2015; Di Martino & Zan, 2010; Pepin, 2011; Zan, Brown, Evans, & Hannula,
2006). Following Di Martino and Zan (2010), we view students’ attitudes as multidimensional,
encompassing three interrelated dimensions: emotional disposition toward mathematics,
perceived competence toward mathematics, and a vision of what mathematics is (p. 44). For
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example, students may like math because it makes them think (emotional disposition), may
consider themselves as capable of doing math when they practice (perceived competence), and
they may view math to be difficult, but fun (vision of mathematics).
Researchers have found emotional disposition and perceived competence to be important
dimensions when it comes to university students’ persistence in mathematics courses (Bressoud,
Carlson, Mesa & Rasmussen, 2013; Ellis, Fosdick, & Rasmussen, 2016). In a large study of
university Calculus I students, Bressoud and colleagues (2013) found that students’ confidence
and enjoyment of math decreased by the end of Calculus I, despite the fact that the majority of
students completing the survey at the end of the course demonstrated success in the course, as
measured by a final grade of A, B, or C. Given the findings from students’ experiences in
Calculus I, we were particularly interested in courses that served as prerequisites for Calculus I,
such as College Algebra.
The study we report is part of a larger research project, for which we designed an
intervention providing College Algebra students with opportunities to interact with a set of
dynamic computer activities (see Johnson, McClintock, Kalir, & Olson, 2018). We designed the
activities to promote students’ covariational reasoning, a key form of reasoning that can
engender students’ conceptions of rate and function (Carlson, Jacobs, Coe, Larsen & Hsu, 2002;
Thompson & Carlson, 2017). In the larger research project, we have three aims: to measure
students’ covariational reasoning (see Johnson, Kalir, Olson, Gardner, Smith, & Wang, 2018), to
promote students’ positive attitudes toward math, and to promote students’ outcomes in College
Algebra. Here, we focus on the latter two aims. Using mixed methods, we demonstrate that our
intervention resulted in differences in students’ attitudes toward math and in students’ course
outcomes, as measured by a final exam.
Theoretical and Conceptual Underpinnings
De igning D namic Comp e Ac i i ie o P omo e S den Co a ia ional Rea oning
We integrated different theoretical perspectives to design dynamic computer activities to
promote students’ covariational reasoning. Each of the dynamic computer activities linked
computer animations with dynamic graphs. In particular, we integrated Thompson’s theory of
quantitative reasoning (Thompson, 1994; 2002) with Marton’s variation theory (Marton, 2015;
Kullberg, Kempe, & Marton, 2017). Drawing on Thompson’s theory, we problematized
students’ conceptions of attributes represented in the tasks (e.g., distance, height). We theorized
how students might conceive of task attributes as capable of varying and possible to measure.
Drawing on Marton’s theory, we problematized students’ discernment of different aspects of the
tasks (e.g., axes of a Cartesian graph). We theorized what students might discern as we designed
differences (e.g., Cartesian graphs with the same attributes represented on different axes) against
a background of invariance (e.g., a situation involving a toy car moving along a track.)
O Pe pec i e on S den A i de To a d Ma h
With our perspective on students’ attitudes toward math, we intend to move beyond
McLeod’s (1992) categories of beliefs, attitudes, and emotions as comprising distinct
components of mathematical affect. We ground our perspective on students’ attitudes toward
math in the work of scholars aiming to explicate the multidimensionality of students’ attitudes
toward math (Di Martino & Zan, 2010; Zan et al., 2006). From our perspective, students’ math
attitudes are not distinct from their emotions. Rather, students’ attitudes toward math include
students’ emotions, as well as other dimensions. Accordingly, we adopt Di Martino and Zan’s
(2010) multidimensional perspective on students’ attitudes toward math. That is, students’
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attitudes toward math comprise three interrelated dimensions: their emotional disposition toward
math, their perceived competence toward math, and their vision of what mathematics is.
Method
The research we report is part of a broader research project taking place across all face to
face sections of College Algebra at a public university situated in the downtown area of a large
city in the midwestern US. The university serves large proportions of students who identify as
students of color and are the first generation of their family to attend college. In fall 2017, 59%
of incoming freshmen identified as students of color, and 51% of all freshmen were first
generation college students.
Intervention: Dynamic Computer Activities
At the university where we conducted this study, College Algebra is divided in to recitation
and lecture components. Each section of College Algebra includes both recitation and lecture
components, with a recitation occurring before each lecture. Students always have different
recitation and lecture instructors. Typically, recitation instructors are graduate students, and the
instructors are faculty members. We implemented a set of dynamic computer activities across
selected recitations. In spring 2018, we were still developing some of the activities. Hence, in
spring 2018 we implemented five dynamic computer activities across two different recitations. In
fall 2018, we implemented seven dynamic computer activities across three different recitations.
To increase students’ access to the dynamic computer activities, we developed them on a
freely available platform—Desmos—in collaboration with Meyer, the chief academic officer of
Desmos. As typical with Desmos, each of our dynamic computer activities involves a series of
screens that students move through. There are five main components to each activity. First,
students watch a video that depicts a moving object, such as a toy car moving along a track,
along with a description of attributes on which the activity will focus (e.g., total distance traveled
and distance from a stationary object.) Second, students represent variation in each attribute by
moving dynamic segments along vertical and horizontal axes of a Cartesian plane. This design
choice was an effort to operationalize Thompson’s (2002) discussion of students’ use of fingers
as tools to represent variation. Third, students sketch a single graph representing a relationship
between both attributes. In each of the second and third components, students have opportunities
to get computer feedback on their work, a hallmark of Desmos activities. Fourth, students repeat
the second and third components for a new Cartesian graph with attributes on different axes. This
design choice was inspired in part by tasks developed by Moore and colleagues (e.g., Moore,
Silverman, Paoletti, & LaForest, 2014). Fifth, students answer a reflection question which asks
them to make sense of another student’s reasoning.
We designed the Desmos activities to promote students’ covariational reasoning, as well as
their conceptions of graphs as representing relationships between attributes that are capable of
varying and possible to measure. Through the reflection questions, we aimed to promote
students’ sense making, rather than rushing to judgments (Johnson, Olson, Gardner, & Smith,
2018). We conjectured that opportunities to engage in covariational reasoning could promote
students’ productive attitudes toward math and successful outcomes in college algebra.
Treatment and Comparison Groups
Spring 2018 was our first semester implementing the dynamic computer activities. In spring
2018, there were nine sections of College Algebra. One section was a treatment section, and the
other eight sections were comparison sections. We selected the treatment section, because the
lecture instructor is a co-principal investigator on our larger project, and was willing to
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implement the Desmos activities before we rolled them out to a larger number of sections.
In fall 2018, there were 13 sections of College Algebra. Prior to the beginning of the
semester, we invited recitation instructors to participate in a semester long professional
development (PD). The PD had three main aims, to provide recitation instructors opportunities to
(1) learn who their students are as humans; (2) to engage in covariational reasoning; and (3) to
implement the Desmos activities to promote their students’ covariational reasoning. We accepted
all recitation instructors who volunteered to participate, resulting in six recitation instructors
teaching a total of 10 sections. Hence, in fall 2018, 10 sections were treatment sections and three
sections were comparison sections.
Attitude Study
To investigate students’ attitudes toward math, we adapted methods used by Pepin and
colleagues (Ding et al., 2015; Pepin, 2011). We created an online survey shown in Table 1. The
first three questions are the same as those from Pepin’s (2011) survey. In addition, we added two
questions specific to students’ attitudes toward graphs, rather than math in general, because
graphs were specific to our intervention.
Table 1: The Attitude Survey
Attitude Survey Questions
I like/dislike math because __________
I can/ cannot do math because __________
Mathematics is __________
I like/dislike graphs because __________
I can/ cannot make sense of graphs because __________
During spring 2018 and fall 2018, we administered the attitude survey four times: Once at the
beginning of the semester (in week 2 or 3), and once at the end of the semester (in week 13). To
ensure that technology was working and to answer any questions, a research team member was
present at each administration of the survey.
Two qualitatively code the attitude survey data, a subset of our team built a coding rubric
based on preliminary analysis of pilot data collected in fall 2017. We had initially planned to
code students’ responses into three categories, the same way as did Ding et al. (2015): Like/Can,
Dislike/Cannot, and Neutral/Mixed. However, as we discussed responses from the pilot data set,
we determined that we needed two additional categories—Ambiguous and Detached—to capture
the scope of students’ responses. In our view, these mutually exclusive categories do not position
themselves along a line, with positive and negative being at opposite ends of the continuum.
Rather, the categories begin and end in a more knotted way, as shown in Figure 1.
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Table 2 includes sample responses from our data set, with two examples for each of the
codes. Responses coded as Positive included statements of like/can, while responses coded as
Negative included statements of dislike/cannot. All of the Positive/Negative responses shown in
Table 2 include “because” clauses, in which students explain their response. Not all students
included these clauses, which we did not require. We did not code differently when students used
a clause to qualify their response. Responses coded as Mixed included specific statements of both
like/dislike or can/cannot. Often these statements included the word “but” or “however” to
indicate the juxtaposition of positive and negative attitudes. Responses coded as Ambiguous
could cross multiple attitudes. For example, students may state that they like or dislike math
because it is challenging. Responses coded as Detached separated the mathematics from the
humans engaging in mathematical activity. Typically, students responding this way described
about math or graphs as things that are “out there,” rather than products of their activity.
Table 2: Sample Attitude Survey Responses from our Data Set
Attitude Survey
Example 1
Example 2
Codes
Positive:
I like math because it challenges I can make sense of graphs because of
Like/Can
me to keep trying and learn
practice.
more.
Negative:
Dislike/Cannot

I dislike mathematics because it
is too stressful and complicated.

I cannot make sense of graphs because
they don't make as much sense as
equations do to me.

Mixed

I only like math when I
understand it. When I understand
it, I enjoy it. But most of the time
I feel like I’m lost. So sometimes
I dislike math.

I can make sense of graphs because I
know how some functions move by
heart. I cannot make sense of graphs
because I do not know how all
functions move by heart.
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Ambiguous

It is challenging.

I look at the points and read info
given.

Detached

Math is the universal language.

They (graphs) are just a visual
representation of inputs and outputs.

To qualitatively code the attitude survey data, two graduate students served as coders. First,
they received training with coding rubric by participating in meetings to discuss the Fall 2017
pilot data set. Next, they independently coded responses, identified disagreements, and then
calibrated the disagreements via discussion, consulting with an expert coder if disagreements
could not be resolved.
To quantitatively analyze the attitude survey data, we conducted chi square analysis using
percent responses in each coding category. In each of spring 2018 and fall 2018, we used the
following groups: Treatment (Pre) vs. Comparison (Pre); Treatment (Post) vs. Comparison
(Post); Treatment (Pre) vs. Treatment (Post). We examined the data for statistically significant
results, then we developed explanations to account for those results.
Outcomes Study: Final Exam
We collected data from students’ performance on the common final exam, both in terms of
letter grade (ABCDF) and raw score. In addition, we collected item level data for a multiple
choice covariation item that we included on the final exam. In the covariation item, students
selected a graph to represent a situation involving a relationship between variables. Some of the
graphs were unconventional, like the graphs in the dynamic computer activities with which the
treatment students interacted. We scored the covariation item as correct/incorrect, with correct
responses receiving a score of 1 and incorrect responses receiving a score of 0.
To quantitatively analyze the final exam data, we also conducted chi square analysis using
percent responses in each coding category. In each of spring 2018 and fall 2018, we used the
following groups: Treatment (ABC letter grade) vs. Comparison (ABC letter grade); Treatment
(raw score) vs. Comparison (raw score); Treatment (covariation item) vs. Comparison
(covariation item). As we did for the attitude survey data, we examined the final exam data for
statistically significant results, then developed explanations to account for those results.
Results
We organize the results into sections devoted to the attitude study and the outcomes study. In
each section, we report results by semester: Spring 2018 and Fall 2018.
Attitude Study
At the beginning of both semesters, we found statistically significant differences between
students’ perceived competence in treatment and control groups, with treatment groups entering
with more negative perceptions of their competence. By the end of each semester, each group
demonstrated more positive perceptions of their competence, and we no longer found statistically
significant difference between treatment and control groups. In spring 2018, we found
statistically significant results when analyzing students’ perceptions of their competence with
graphs. In fall 2018, we found statistically significant results when analyzing students’
perceptions of their competence with math writ large.
In the next subsections, we include a number of tables to report results of quantitative data
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analysis. In tables 3-6, the comparison group is shown in the top row, and the treatment group is
shown in the bottom row. In table 7, the treatment group is shown in both rows. In tables 3-7, we
report results in terms of percentages of student responses coded in each category. In the
narrative, we provide specific numbers for the treatment and comparison groups.
Spring 2018: Attitude. In Spring 2018 the comparison and treatment groups demonstrated
statistically significant differences in their perceived competence toward graphs. In the first
administration of the attitude survey, the treatment group (n=26) demonstrated a more negative
perceived competence toward graphs than did the comparison group (n=112). Table 3 shows the
percentages of students’ responses coded in each category.
Table 3: Spring 2018 Comparison Pre (top) vs. Treatment Pre (bottom)
Like/Can Dislike/Cannot Mixed Ambiguous Detached
X2, p
I can/ cannot make
55.4%
15.2%
8.9%
13.4%
7.1%
sense of graphs
13.83*
because __________
p=0.010
34.6%
38.5%
3.8%
3.8%
19.2%
By the end of spring 2018, there were no statistically significant differences in students’
perceived competence toward graphs between the treatment group (n=19) and the comparison
group (n=77). Both groups saw increases in the number of students who demonstrated more
positive perceived competencies toward math. Table 4 shows the percentages of students’
responses coded in each category.
Table 4: Spring 2018 Comparison Post (top) vs. Treatment Post (bottom)
Like/Can Dislike/Cannot Mixed Ambiguous Detached X2
I can/ cannot make sense
58.4%
10.4%
11.7%
11.7%
7.8%
of graphs because
5.23
__________
57.9%
26.3%
0.0%
10.5%
5.3%
Fall 2018: Attitude. In Fall 2018 the comparison and treatment groups demonstrated
statistically significant differences in their perceived competence toward math. In the first
administration of the attitude survey, the treatment group (n=251) demonstrated a more negative
perceived competence toward math than did the comparison group (n=64). Table 5 shows the
percentages of students’ responses coded in each category.
Table 5: Fall 2018 Comparison Pre (top) vs. Treatment Pre (bottom)
Like/Can Dislike/Cannot Mixed Ambiguous Detached
X2, p
I can/ cannot do
57.8%
9.4%
17.2%
10.9%
4.7%
mathematics because
13.86**
__________
p=0.008
54.6%
21.1%
19.9%
2.8%
1.6%
By the end of fall 2018, there were no statistically significant differences in students’
perceived competence toward math between the treatment group (n=204) and the comparison
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group (n=45). As was the case for spring 2018, both groups saw increases in the number of
students who demonstrated more positive perceived competencies toward math. Table 6 shows
the percentages of students’ responses coded in each category.
Table 6: Fall 2018 Comparison Post (top) vs. Treatment Post (bottom)
Like/Can Dislike/Cannot Mixed Ambiguous Detached X2
I can/ cannot do
66.7%
11.1%
11.1%
11.1%
0.0%
mathematics because
5.44
__________
60.3%
24.0%
10.8%
4.9%
0.0%
Because of the size of the treatment group in fall 2018, we were able to compare differences
between the beginning and end of the semester. Within the treatment group, there were
statistically significant differences in perceived competence toward math from the beginning of
the semester (n=251) to the end of the semester (n=204). Table 7 shows the percentages of
students’ responses coded in each category.
Table 7: Fall 2018 Treatment Pre (top) vs. Treatment Post (bottom)
Like/Can Dislike/Cannot Mixed Ambiguous Detached
X2, p
I can/ cannot do
54.6%
21.1%
19.9%
2.8%
1.6%
mathematics because
11.60*
__________
p=0.021
60.3%
24.0%
10.8%
4.9%
0.0%
Outcomes Study: Final Exam
In spring and fall 2018, there were no statistically significant differences between the number
of students who passed the final exam (ABC) in the treatment or comparison groups. In both
spring 2018 and fall 2018, the treatment group outperformed the comparison group. In spring
2018, the final exam passing rate for the treatment group was 70.8% and for the comparison
group was 65.0%. In fall 2018, the final exam passing rate for the treatment group was 60.8%
and for the comparison group was 59.4%.
The analysis of final exam raw scores revealed similar findings to the final exam passing
rates. In both spring 2018 and fall 2018, the treatment group outperformed the comparison
group. In spring 2018, the treatment students outperformed the comparison students by 8 points
(153.8 vs 145.8). In fall 2018, the treatment students also outperformed the comparison students,
but only by 2.2 points (143.8 vs 141.5). The score differences were not statistically significant in
either semester.
We found statistically significant differences in students’ performance on the final exam
covariation item that was linked to the dynamic computer activities. In both spring 2018 and fall
2018, the treatment group outperformed the comparison group. The p value in spring 2018
(p=0.000) was stronger than the p value for fall 2018 (p=0.013).
Semester
Spring 2018

Table 7: Final Exam Item: Comparison vs. Treatment
Group
Mean Score
Standard Deviation
Comparison (n=143)
0.31
0.46
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0.84***
0.28
0.43*

0.37
0.5
0.5

Discussion
We provided evidence to support our claim that students’ interaction with dynamic computer
activities impacted their attitudes toward math and their performance on the course final exam.
Our intervention impacted a particular dimension of students’ attitudes toward math—their
perceived mathematical competence, which has been shown to be an important dimension
impacting students’ persistence in mathematics courses, such as Calculus I (e.g., Bressoud et al.,
2013). We implemented this study in conjunction with an earlier, National Science Foundation
funded project promoting students’ active learning in College Algebra. Hence, we are
encouraged that comparison students also reported more positive perceptions of their
competence in graphs and math, respectively.
There are differences in the numbers of students responding to the attitude surveys, with
numbers declining from the administration at the beginning of the semester (pre) to the
administration at the end of each semester (post). Student attrition was a main cause for the
differences. The students responding at the beginning of the semester represent all those students
who began College Algebra. The students responding at the end of the semester represent those
students who continued to persist in the course. Hence, our pre and post groups are not exactly
the same student population.
Students have complex attitudes toward math. Langer-Osuna and Nasir (2016) have called
for researchers to develop methods that acknowledge the humanity of students’ experiences. By
coding students’ responses to allow for that complexity—to extend beyond a continuum of
positive or negative in students’ affect, we have responded to the call. Furthermore, our results
suggest that Schorr & Goldin’s (2008) findings are applicable on a broader scale, to university
students as well as middle grades students. That is, opportunities for reasoning afforded by
interactions with educational technology can promote students’ positive attitudes toward math.
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