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Abstract. In any classroom, different groups of students may have
unequal voices. This “lack of democracy” may be particularly problem-
atic in STEM fields. To promote a more inclusive classroom, we devel-
oped and tested an online, real-time communication tool: the Mathe-
matics Classroom Collaborator (MC2). MC2 makes the entry of math-
ematics easy and intuitive, it includes an option for anonymity, and it
works on a variety of platforms, including smart phones, tablets, and
notebook computers. In this paper, we share our experience with employ-
ing MC2 in a statistics service course and an introductory probability
course. We describe how this tool creates new communication models for
the technologically-enhanced class — models that may help overcome
social barriers to create a more inclusive environment, and that may
lead to further democratization of learning, including increased partic-
ipation by women and/or English-language learners. The results of an
experiment to measure the effectiveness of MC2 compared to Microsoft
Word Equation for novice users are also presented.

Keywords: Technology-enhanced classes
Mathematics Classroom Collaborator · Democracy in the classroom

1 Introduction

Students’ interactions with instructors and classmates have long been a corner-
stone of learning in any field of study. For instructors, one challenge, therefore,
is to create a welcoming and inclusive classroom atmosphere by building rapport
with students, and to encourage them to take full advantage of office hours. In
STEM disciplines, however, a number of studies, including Eddy et al. (2015)
and Krupnick (1985), have suggested that certain groups — namely, female stu-
dents and English-language learners — may not have an equal voice, both in
in-class and out-of-class engagements, relative to other groups. To overcome this
barrier and build more “democratic” classrooms, we developed a novel online
technology: the Mathematics Classroom Collaborator (MC2). In this paper, we
will first describe MC2’s full functionality for students and instructors. We will
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then share our experience of utilizing this tool in an introductory course in Prob-
ability and a second course in Statistics. Finally, we will present, and discuss the
implications of, the results of a small-scale experiment designed to measure the
effectiveness of MC2, relative to Microsoft Word 2016 Equation.

2 Functionality

MC2 (http://mc2.trentu.ca) (Pollanen et al. (2017)) is a Web-based application
that works on a range of different hardware platforms — tablets, smartphones,
and laptop computers — running on a variety of different operating systems,
including Windows, MacOS, iOS, and Android. No installation or “sign-up”
stages are needed for students. Once an instructor creates a classroom, students
join the room with the name of the classroom and any self-selected anonymous
username (Fig. 1).

(a) MC2 Chat Screen (b) MC2 Mathematical Ed-
itor

Fig. 1. Left panel: MC2 Chat Screen (1) Text input field (2) Insert TEX into text
field (3) Input image from camera or gallery (4) Launch the mathematical expression
editor. (5) Dialogue Pane: clicking on an image or mathematical expression launches
the expression editor for annotating or modification (6) Chat Option: tab to expand the
options of On-line Users button and Logout button. Right Panel: MC2 Mathematical
Editor – non-TEX users can click on math symbols or Greek letters from the menu and
make a diagrammatic equation that can be either converted to a TEX expression and
sent to a text file, or sent directly to the dialogue pane as an image file.

The User-Side Interface: On its face, MC2 is designed to be like a familiar
texting application, with the addition of mathematical capabilities for both TEX
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and non-TEX users. TEX users can click the TEX icon and write TEX expressions
with the extended chat window with the collection of commonly used TEX sym-
bols for easy access for smart phone users. Non-TEX users can click the math
icon to access the Math Editor where equations can be input using a diagram-
matic equation editor. The symbols can be selected, moved, and resized based
on the diagram editor UI. The expression is then recognized and converted to
TEX which then be displayed by the messenger. Students can also take a picture
from a smart phone, upload it, to share image of questions in the chat.

The Instructor-Side Interface: Instructors can do the following tasks: create
a classroom; announce (pin) a specific message; delete the message; zoom
in/out the message; assign TAs for the course; access the data of chat history;
upload and edit the images from the built-in library and send it to chat for
sharing with students (Fig. 2).

Fig. 2. Instructor side interface: create classroom, register TAs, access the data of chat
history

3 Application in the Classroom

We introduced MC2 into the classroom, and collected data from two different
courses representing two different student audiences. The two courses were: (1)
an introductory Probability course (STAB52, Fall 2017), consisting of 386 stu-
dents, mostly majoring in Mathematics, Statistics and Computer Science and
(2) a second service course in Statistics (STAB27, Winter 2018), consisting of
80 students, most of whom were majoring in the Social and Life Sciences. We
now turn to a description of how the software was employed in each course, and
of summary results from its use.

MC2 in the Introductory Probability Course
The Introduction to Probability (STAB52) course followed a semi-inverted class-
room format, where students were required to complete in-class worksheets
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immediately following each lecture. The lecture and worksheet portions of the
class were each one hour in length, occurring twice each week over a 12-week
semester. For the worksheets, students could get help from the instructor and
TAs and were allowed to work in groups, but they had to submit individual
answers which were graded for credit. The course had three sections sharing
the same instructor, and we chose one section per week to employ MC2 during
the worksheet activity, excluding the first two weeks, and the last week, of the
semester. During the weeks when MC2 was used in any given section, only the
instructor answered student questions submitted through the tool, while the TAs
provided face-to-face assistance. Students could post questions anonymously, and
their questions and answers were visible to everyone.
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Fig. 3. Boxplots of worksheet marks distribution, grouped by worksheet number and
lecture section.

To investigate the effect of MC2 on student performance, we examined stu-
dents’ worksheet marks (graded out of 20). In total, the tool was used in 15
worksheets, and Fig. 3 presents side-by-side boxplots of the marks distribution
by lecture section, worksheet number, and MC2 usage. Considerable variability
between worksheets and sections is evident, though the overall average was high
(>17/20). During the first two weeks of classes, when MC2 was not used, the
average marks were 18.61, 18.04, and 17.85 for Sects. 1, 2, and 3, respectively.
Figure 3 shows that, during the weeks of MC2 use, average worksheet scores
generally followed the same 1-2-3 ranking. There were, however, some excep-
tions to that rule that reveal mixed results. Most notably, on worksheet 19,
when Sect. 2 was using MC2, that section ranked first in average scores, for a
2-1-3 ranking. On the other hand, when Sect. 1 utilized MC2 on worksheet 17,
the section obtained the lowest average score (i.e., 2-3-1). So, at first glance, we
cannot discern a consistent change in the relative ordering of average marks.

To help us isolate the effect of MC2 on student performance, we ran an
ANCOVA analysis on the data. Clearly, there are other factors besides MC2

that affect worksheet marks. Variation both in the difficulty of topics across
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weeks and in individual student aptitude across sections could impact the marks.
To control for these differences, we used the worksheet number and students’
cumulative grade point averages (CGPA) at the start of the course as nuisance
variables, with worksheet marks as the response variable. We also looked at
the effect of MC2 by section because of differences in the way sections were
formed — Sect. 3, for example, was created only one week before the start of
the semester from wait-listed students. The ANCOVA results are presented in
Table 2, and show that all nuisance variables (LECTURE,WS, CGPA) are highly
significant (p-value ≪ 10−10). The overall effect (across all sections) of MC2

was not statistically significant, but it differs significantly across sections at the
5% level (p-value=0.01814). In fact, looking at the fitted model parameters
we find that MC2 use in Sect. 3 leads on average to an extra +0.49/20 marks,
relative to its effect in Sect. 1, but its use in Sect. 2 leads to −.29/20 fewer
marks, relative to Sect. 1. These results, although not consistent across the board,
suggest that MC2 has a more pronounced positive effect when used by weaker
students (Table 1).

Table 1. Analysis of Covariance Table: Average worksheet Marks by MC2 use (MC2),
lecture section (LECTURE), worksheet number (WS), student CGPA (CGPA), and
MC2:LECTURE interaction.

Source Df SSE MSE F-value P-value

MC2 1 1 0.69 0.0836 0.77244

LECTURE 2 2048 1023.88 123.9454 <2e−16∗∗∗

WS 14 14512 1036.60 125.4853 <2e−16∗∗∗

CGPA 1 1204 1203.85 145.7318 <2e−16∗∗∗

MC2:LECTURE 2 66 33.15 4.0131 0.01814∗

Residuals 4764 39354 8.26

Signif. codes: 0 ‘∗∗∗’ 0.001 ‘∗∗’ 0.01 ‘∗’ 0.05 ‘.’ 0.1 ‘’ 1

MC2 in Second Course in Statistics
In the Statistics II (STAB27) course, students were from various disciplines and
backgrounds. The class was composed of 49% female and 46% male students,
with 5% undefined. We examined whether MC2 usage depends on the gender or
the status (international/domestic) of students. MC2 was employed in weekly
group work sessions and two sessions of online office hours before the final exam
in the second half of the course.

We created a new dichotomous variable, Y , as follows: Y = 0, if MC2 is not
used; Y = 1, if MC2 is used one or more times. A logistic regression was fitted
to investigate which factors are statistically significant in terms of their impact
on the engagement of students with MC2.

Logit(πi) = β0 + β1(GENDER) + β2(LEG STATUS) + β3(Y EAR OF STUDY )



Mathematics Classroom Collaborator 285

Coefficients:
Estimate Std. Error z value Pr(>|z|)

(Intercept) 0.06003 0.78618 0.076 0.9391
GENDER(M) -0.90656 0.51299 -1.767 0.0772.
LEG_STATUS(International) -0.51626 0.57096 -0.904 0.3659
YEAR_OF_STUDY -0.05231 0.25646 -0.204 0.8384
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Controlling for the student’s year of study and the legal status, the gender of
the student was marginally significant factor (p-value < 0.1) in our estimation
of the probability of being engaged in MC2. Roughly 43.6% of female students
used MC2, while the figure was 24.3% for males, based on the Table 2.

Table 2. Two way table with MC2 usage and Gender

Y=0 (No, MC2) Y=1 (Yes, MC2)

Female Male Female Male

22 28 17 9

This partly supports Sankar et al. (2015) who found that, with the online
bulletin board tool Piazza, female STEM students were more likely to use the
anonymity feature than their male counterparts, although female undergraduate
students ask 37% fewer questions than their male peers in computer science.
There is also evidence that anonymity in the classroom boost the engagement
(Jong et al. (2013)).

The instructor conducted two types of extended office hours before the final
exam: face-to-face and online. During three hours of face-to-face office hours,
only 4 students visited the instructor’s office, while during one-hour online office
hour, 26 students logged in the session and 14 students actively participated in
conversations. Since students submit the questions simultaneously during online
office hours, “pinning a message” is a very useful tool for the instructor to
announce the message (it pins it to the top of the chat window) to which the
instructor is responding. We have yet to assess the impact of MC2 on students’
learning in this course. Marginal evidence that it encouraged females students
to engage in the course material through anonymous real-time communication
does, however, suggest that the tool creates a more inclusive environment.

4 Experiment

To measure the efficiency of using the math editor in MC2, relative to Microsoft
Equation (ME), we conducted an experiment involving 14 first-year students
(10 females and 4 males), none of whom had any previous experience in either
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software. We asked each student to enter each of the following 4 expressions into
each of the two software tools:

1. s =
!

1
n−1

"n
i=1(x − x̄)2 2.

# ∞
0 e−ydy 3.

#
1√
2π

e− x2
2 dx 4.

! √
x2+2x+2

x

x2+1

A maximum time limit was set to allow students to submit incomplete equa-
tions. Figure 4 shows the completion time differences. Expression entry in MC2

takes longer than ME for each expression. The differences are statistically sig-
nificant.

Fig. 4. Boxplots of completion time differences between MC2 and Word of four equa-
tions, grouped by quality of completion by Word Equation

But students who submitted “poor” quality expressions, and who could
thus be considered the most novice in the use of technology or mathemat-
ics, showed statistically insignificant differences for all 4 expressions, based on
the non-parametric Wilcoxon signed-rank test. These results suggest that, for
more novice users in particular, although its user-interface has room to improve,
MC2’s usability could be comparable to Microsoft Equation (Table 3).

Table 3. Non-parametric test results by four equations of the poor quality group

Equation # Eq. 1 Eq. 2 Eq. 3 Eq. 4

Non-parametric test statistic 9 7 7 6

P-value 0.1975 0.625 0.625 0.875

Potential errors in the entry of the square roots in expressions 1 and 4 in ME
are illustrated by two examples:
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s =
!

1
n−1

"n
i=1(x − x̄)2 and

$!
x2+2x+2

x
x2+1

These entries show that students had difficulty understanding the nested
concept in the software. A short survey was conducted to capture students’ views
on the usability of the two packages. On a scale of 1–5, the average response for
MC2 was 3 out of 5 for both quality groups, while the average usability score
for ME was 2.75 for the poor quality group and 4.5 for the good quality group.

Students comments about the challenges of ME included: “having to find
certain symbols and having to click on fractions or exponents (having to carefully
manage when I press certain functions to get the equations I want)” and “You
often end up deleting an equation when you’re only trying to highlight it to add
a function/square root on top”. Comments on the challenges of MC2 included:
“Having to be precise on the position of each character”, “at first, I did not know
how to make the equation show up properly when converting, but then I got the
hang of it”, and “It was a little difficult moving things around”.

There were also positive comments about MC2, including: “I like how it is
easy to move the symbols around to fit the equation”, “The program was really
cool. Really awesome how it can read the equations and send them in chat”.

5 Conclusion

In STEM subjects, there appear to be barriers to communication that prevent
certain groups, including women, from having an equal voice inside, and per-
haps outside, the classroom. This is particularly apparent in the quantitative
sciences, where communication may be suppressed by math or statistics anxiety.
These barriers may then prevent women from achieving their full potential. One
possibility for increasing communication is through the use of online technology
and the anonymity that technology can provide. Mathematics communication,
however, requires specialized user interfaces for input. To that end, we have
developed the Web-based application, MC2, that allows for easier entry and
communication of mathematical expressions on all devices.

We introduced the use of MC2 in a large first-year introductory probability
course and a second course in Statistics. We found a statistically significant
effect of MC2 on average work sheet difference by sections, after controlling for
other nuisance factors. We further found that females engaged at higher rates
than males in MC2 activities in the Statistics course. A small-scale experiment
suggests that the functionality of the Math Editor in MC2 is comparable to that
in Microsoft Equation.

Research into the use of anonymity in mathematics and statistics courses is
still in its infancy, and further research into how students write and perceive
mathematical expressions is also required. The results presented here, however,
suggest that the development of additional technologies to enable easy, anony-
mous communication and interaction in quantitative subjects is warranted.
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