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ABSTRACT
Cold calling scalably incentivizes all students in class to actively
prepare contributions to a class discussion, but some students find
it terrifying. Rewarding voluntarily speaking in class is less off-
putting, and can be valuable for students who participate; however,
it can allow a large fraction of the class to disengage. Agora is an
open-source app designed to serve as a middle ground between
these extremes, with the added benefit that it automatically pro-
duces an assessment of each student’s engagement. The key ideas
are to give students control over whether their hand is raised or
lowered, to choose randomly among students with raised hands,
and to give participation credit to all students who were consid-
ered every time a speaker is chosen. The system has various other
features to facilitate deployment in large classes including SAML 2
integration; multiple queues to support concurrent questions on
different topics; a message board to allow students to communicate
discretely with the instructor; and polling. We deployed the system
in three offerings of a large undergraduate class and demonstrate
its effectiveness in terms of learning outcomes, gender balance in
participation, and student satisfaction.
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1 INTRODUCTION
Active learning, a pedagogical approach that emphasizes students’
participation in the classroom, has been widely embraced in higher
education. Indeed, it offers many documented benefits for students
[2, 17, 29, 30]. Whole-class discussion, where the instructor engages
students by inviting them to ask and answer questions, is possibly
the most ubiquitous form of active learning. It is well established
that such discussions improve learning outcomes [6, 19]. However,
it is far from trivial to facilitate a class discussion in a way that
maximizes its benefit to as many students as possible. The crucial
active learning benefit a student receives from a class discussion is
formulating the response they would like to make—whether or not
they actually get the chance to speak out loud. Notably, offering
students the opportunity to formulate a response is scalable even
to large class settings, even though actual speaking opportunities
are necessarily limited. However, when no immediate rewards are
provided, a significant fraction of students may choose to partici-
pate very little, or not at all [22, 32, 35], and substantially miss out
as a result. Even worse, specific groups of students shy away from
class discussions more frequently than others. When compared to
men, women tend to speak less frequently, and with less confidence
[1, 10, 12, 40]. This seems to go beyond personal choice; various
studies have provided evidence that instructors can subtly (and
often unconsciously) favor male students, asking them better ques-
tions and providing them with more feedback [8, 34]. Differences in
participation between men and women tend to become more pro-
nounced as the percentage of men in the classroom increases [38],
a particular concern for Computer Science classes. First-generation
students [37] and non-native speakers [20] have also been found
to be less likely to voluntarily contribute to in-class discussions.

To maximize students’ incentives to actively formulate responses
and thus to benefit from active learning, some instructors employ
cold-calling, a strategy in which students are randomly called upon
to answer questions. Cold calling can be very effective in engaging
students and driving their learning. Most students will engage with
the material and formulate an answer, whether or not they get to
share it with the rest of the class. Studies indicate that in classes
with frequent cold-calling, significantly more students volunteer to
answer questions, and their comfort participating in class discus-
sions increases over time [14]. Moreover, cold-calling can increase
voluntary participation for both men and women, without causing
disproportional discomfort for either gender [15]. However, some
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students find the constant risk of being cold-called to be terrifying,
and shy students can even choose to skip class [5, 25]. These nega-
tive effects can be especially pronounced for students who already
face structural disadvantages, such as first generation students and
non-native speakers [21, 28]. In response, alternative approaches
have been proposed. For example, “warm calling” provides students
with advance notice and the option to opt out of participating in
front of the class [28]; instructors can also share a list of possible
questions before the lecture [23].

More typically—particularly in the Computer Science context—
students are never called upon unless they volunteer to speak,
but are given some kind of grade incentive for participating. In-
deed, the literature shows that students are very responsive to
changes in participation incentives [33], especially if participation
is a component of course grades [13]. Krohn et al. [24] compared
the effects of different participation conditions and found that the
introduction of participation credit increased balance in participa-
tion among students; interestingly, the same effect was observed
both when student participation was recorded and self-reported.
Foster et al. [16] showed that participation could be increased in
initially low-responding students by providing credit for recording
class comments on note cards. Sommer and Sommer [36] rewarded
students for participation only on alternating days, but showed
that participation increased in non-rewarded classes as well. Mc-
Cleary et al. [26] generalized this approach, introducing a random-
ized approach to participation credits. In particular, they assigned
participation credits only on randomly selected days, observing a
significant reduction in non-participation rates and an increase in
credit-level participation. Boniecki and Moore [4] implemented a
token economy, where participating students earned tokens that
could be exchanged for extra credit. The study observed partici-
pation levels in an introductory psychology class before, during,
and after implementing the token system, noting a substantial in-
crease in participation during the token economy that persisted
after its removal. Overall, participation incentives have a positive
and well-documented impact on fostering inclusive and engaged
learning environments. However, anyone who has taught using
a variant of this methodology is well aware that many students
simply disregard the incentives and disengage, losing out on the
benefits of active learning as a result.

Various technological tools (notably, clickers) have been intro-
duced with the aim of broadening class participation, particularly
in very large classrooms. Clickers are tools that allow every student
in a class to answer live questions, typically in a multiple-choice
form. They are typically well received by students and contribute
to understanding and retention of material [3, 7, 31, 39]. They are
often used to facilitate other active learning strategies, such as
Think–Pair–Share [3, 9]. For students who carry a smartphone
with them to class, purchasing a physical clicker is no longer neces-
sary. Some polling tools are even designed with the specific goal of
increasing engagement via a quiz-like appearance (Kahoot, Quizizz,
Mentimeter are a few examples). Despite their benefits, clickers and
online polling apps are not replacements for whole-class discus-
sions. Quinn [31] expressed the concern that students may hide
behind clickers rather than speaking in class, and as a result may not
practice professionally useful skills. Clickers also necessarily reduce

discussion to a small, discrete set of predefined choices, limiting
both the depth and the spontaneity of engagement opportunities.

This paper unifies these three themes: incentivizing as many
students as possible to prepare answers to every question in a rich,
oral discussion; lowering the fear factor through voluntary partici-
pation; and leveraging technology to scale to large classrooms. The
key idea is moving from incentivizing participation—which is an
inherently scarce resource that grows scarcer with class size—to
incentivizing willingness to participate. We propose a kind of opt-in
cold calling, where students dynamically decide whether to volun-
teer themselves for consideration as a class discussion progresses,
and all such students receive participation rewards. Of course, no
such system could feasibly be implemented without technology.
We thus (in Section 2) present Agora, a web/smartphone-based
participation app, that realizes our vision. Agora presents a simple
interface allowing students to “raise their hand” and “lower their
hand” freely as class progresses. Every time the instructor wants to
hear a student speak, they push a button and Agora both randomly
chooses a single speaker and grants participation credit to all stu-
dents who put themselves at risk of being called upon. Beyond its
core mechanic, Agora has a mature set of features that provide aux-
iliary benefits in a large class. It allows students to raise hands in
multiple “lists” to allow for side conversations; offers a live message
board that lets students discretely communicate with the instructor
without disrupting the class; and supports live polling, both graded
and anonymous. It allows students to authenticate using standard
university credentials via SAML 2, allowing grades to be tracked
reliably. And it is both easily customizable and freely available as
open-source software, making it appropriate for a wide variety
of deployments. We deployed Agora ourselves in three previous
iterations of a large Computers and Society course. We describe the
results in Section 3, demonstrating that it led to tangible improve-
ments in students’ learning outcomes, benefited gender diversity,
and improved student satisfaction as measured via a survey.

2 THE AGORA SYSTEM
We now introduce Agora and its features in more detail and describe
the rationale for some of the design choices that we made. We begin
by explaining how an instructor can use Agora to call on students in
a semi-randomizedway.We then discuss various capabilities offered
by the system: calling on students from multiple lists; grading
students based on their participation in the system; the option for
students to send live messages to the instructor; and the system’s
support for both graded and ungraded polls.

2.1 Calling On Students
Students’ core interaction with Agora is through pressing a but-
ton to “raise their hand” every time they want to contribute to a
discussion (Figure 1 Right), or to press the button again to “lower
their hand”. Every time the instructor wants to call on someone,
they press a button in their own interface (see Figure 1 Left). As a
result, one student among those with their hand raised is selected at
random by the system. This student’s name and photo (if available)
are shown to the instructor (so that they may proceed to call them).
Every other student whose hand was raised at the moment of the
instructor’s “call” is also recorded.
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Figure 1: The instructor dashboard (left) and student dashboard (right).

The instructor’s dashboard further displays a list of all students
who have their hands up—indicating for each student whether or
not they have previously spoken in the same class—and a log of
students who previously spoke. By default, the former list is sorted
according to the order in which students raised their hands, with
the earliest hand raise listed first. The instructor can use this infor-
mation to ensure that a sufficiently large number of students are
willing to speak before pressing the call button. The log of students
who have already spoken is sorted in descending chronological
order. This is intended to make it easy for the instructor to refer
back to the names of students who recently spoke, facilitating call-
ing back to their remarks as the discussion progresses and thereby
learning students’ names.

When the instructor presses the “call” button, by default, Agora
first checks if any student with a raised hand has not yet spoken
during the current lecture. If one or more of such students exist,
Agora eliminates all other students from consideration; otherwise,
it keeps all students in consideration. Once the poll of students
from which to call has been adjusted, Agora computes a probability
distribution from which to sample, giving a boost to students who
have been less active in previous lectures. The benefit of favoring
students who have not spoken recently is twofold: it increases the
diversity of voices in the classroom and it reduces the incentive
for students to only raise their hands during popular questions,
hoping that they would not be the one being called. More formally,
Agora assigns a weight to each student 𝑖 of 1/log2 (𝑐𝑖 ), where 𝑐𝑖
is the number of times 𝑖 has been chosen to speak so far in the
course. Agora then normalizes these weights and samples from the
resulting probability distribution.

The instructor has an alternative to the “call” button: they can
also manually select any student with a raised hand. From the
students’ side and with regards to recording participation for all
students, this acts just as if the instructor had pressed the “call”
button and the same student had been chosen at random. This
feature is designed to give flexibility to the instructor, e.g., if they

want to recognize the first person who raised their hand, if they
want to hear from someone who rarely speaks, or if they know that
a particular student has experience relevant to the question.

2.2 Multiple Lists
Agora provides up to four different “raise hand” buttons, color-
coded as Green, Blue, Red, and Yellow (although if undesired, certain
buttons can be turned off in the instructor interface). Each button
corresponds to a different list; the instructor can e.g., press the Blue
“call” button and randomly identify a student from that list using
the logic described above, and with participation credit awarded to
all of the students on (only) the Blue list. We envision at least two
use cases for this functionality.

First, the lists allow side conversations without clearing the list
of raised hands from the main discussion. For example, as a class
discussion is proceeding using the Green list, a student might ask a
question. The instructor might want to ask if any other students
know the answer to this question. In this case the Green list will
be full of students with other points to make in response to the
instructor’s original prompt, so the instructor might instead direct
students who’d like to address the new question to raise their hands
in the Blue list. Once that conversation wraps up, the instructor
can proceed back to the Green list.

Second, multiple lists can be used to elicit students’ opinions on
a multi-dimensional topic. For example, an instructor may want to
hear arguments both in favor of and against a given proposition.
In such a case, they can ask students to raise their hands in the
appropriate lists and then iterate over the lists as appropriate to
elicit different opinions. Note that Agora also offers a polling feature
which covers a distinct but related use case; see below.

2.3 Grading
For every class section and for every student, Agora records a count
of the number of times the instructor called on the class and the
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Raise your hand at least this many times Get this many points

0 0
1 5
2 6
3 6.5
4 7
The median 8
The maximum 10

Table 1: A per-class grading scheme we used with Agora.
Grades up to 70% are based on fixed counts (with four hand
raises in a class yielding a grade of 70%). The median and
maximum are taken among students who participated at
least once in the class. We linearly interpolated between the
points given here.

given student had their hand raised. In our own teaching, we use
this information as the basis of a class participation grade, applying
a nonlinear formula that gives decreasing numbers of marginal
grades for subsequent marginal hand raises (and thereby gives
stronger marginal incentives for participation to shy students); this
scheme is presented in Table 1. We average students’ participation
grades across the whole term to obtain their final grades, drop-
ping a prearranged number of classes to allow for absences. We
make it clear in our class conduct rules that use of Agora when
not physically present in the classroom is an academic honesty
violation; we note to students that Agora’s bias towards students
who have spoken less often makes such behavior risky. Because
Agora’s selection mechanism makes it very unlikely (at least in a
large, active class) that a student would be selected a second time
after speaking in class, we recognize that such a student could
“safely” raise their hand during every subsequent call and get the
participation points. To prevent students from needing to game the
system, we automatically award “bonus hand raises” for every call
that follows an occasion when a student speaks in class. Of course,
all of these system parameters can be adjusted.

Instructors can choose to assign different numbers of points for
participation in different lists. They can also configure the system
so that the very first hand raise by each student is worth more than
subsequent ones, again potentially differing across lists. This allows
instructors to incentivize shy students to risk participation at least
once in each class. Lists can also be configured to award no credit
at all; for example, the red list could be used for raising logistical
questions for which participation credit is not granted.

2.4 Live Message Board
In sufficiently large classes, the just-described mechanism for han-
dling logistical questions will not scale well: the instructor will not
want every logistical question to interrupt the whole class. We thus
designed a live message board in which students can communicate
only with the instructor. This feedback mechanism is designed es-
pecially for flagging logistical issues and misunderstandings in a
minimally disruptive way. Messages appear in the instructor inter-
face in real time. The instructor may simply choose to react verbally

to useful messages and to ignore others. Agora also allows them
to send text replies to the student who wrote a given message; to
broadcast useful messages to the whole class; and to block specific
students from sending further messages for the rest of the lecture.
If a TA is present in class, they can also reply to student messages
in real time. Of course, the message board can be disabled entirely
if an instructor does not want to use it.

2.5 Polling
Agora allows the instructor to create polls having a custom number
of choices and a custom prompt for each choice. The instructor
can choose whether to save both students’ answers (for simple
auto-grade quizzes) and IDs or only students’ IDs without answers
(for polls that are graded only for participation and/or for which
students want to know that their responses are anonymous). Once a
poll starts on Agora, the instructor is shown a diagram summarizing
live results. When the poll ends, both the instructor and students
receive a diagram summarizing final results; this is also saved as
an image for the instructor. Additionally, the instructor can later
export raw data corresponding to poll results as a CSV file.

3 EVALUATION
We deployed Agora in three in-person undergraduate-level com-
puter science classes: two sections (having different instructors) in
Fall 2022 and one in 2023, having 74, 120, and 115 students respec-
tively. These classes focused on the interplay between information
technology and society and followed a flipped classroom design,
providing students with many opportunities to engage in class dis-
cussions and debates. Ten percent of students’ total grades came
from in-class participation, which we tracked via Agora using the
grading scheme previously described in Section 2.3. We also gave
students a reduction in an assigned peer grading obligation for
each class in which they raised their hands at least once, which we
did to incentivize attendance. A similar version of the course, not
using Agora, ran in Fall 2018 and Fall 2019. During these courses,
an in-class teaching assistant manually recorded the name of ev-
ery student who was chosen by the instructor to speak in each
class. During these two course offerings, students were also offered
the opportunity to participate offline through Piazza, which was
awarded half a participation credit per week. We applied for and
received human-subject approval to study all of this data, and fur-
thermore to access the self-reported genders of all students in our
class, as recorded in the university database. (We note that this data
regrettably only allows two options for gender: male and female.)
To further enrich our data, we integrated students’ grades with
their participation data and conducted a survey asking students
about their experience with Agora. After each course completed, we
contacted students explaining the details of this study and giving
them the opportunity to withdraw all of their data from it; in total,
only one students did so.

3.1 Impact on Learning Outcomes
3.1.1 Participation vs. Final Grades. We examined the correlation
(as Pearson correlation coefficient) between the number of times
students raised their hands in class and their final exam perfor-
mance in Fall 2022 and Fall 2023 (see Table 2). In Fall 2022, Section
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Class Correlation Coeff. 𝑝-value

Fall 2022 Section 1 0.0203 0.8310
Fall 2022 Section 2 0.2475 0.0389
Fall 2023 0.2422 0.0142

Table 2: Pearson correlation coefficients between students’
participation and final exam performance.

Time Period Correlation Coeff. 𝑝-value

Midterm 1 until Midterm 2 0.1512 0.1260
Midterm 2 until the Final 0.0681 0.0491
Midterm 1 until the Final 0.1954 0.4968

Table 3: Pearson correlation coefficients between students’
participation and performance improvement in Fall 2023.

2, and Fall 2023, we observed a correlation between the number of
hand raises and students’ final grades. Section 1 of Fall 2022 was
different; we observed a much smaller positive correlation that was
not statistically significant (𝑝-value > 0.05).

3.1.2 Participation vs Grade Improvement. A correlation between
the number of times students raised hands and their final perfor-
mance could have been due to factors besides active participation.
For example, rather than participation causing a performance ben-
efit, high-performing students might have tended to participate
more in class. To more deeply investigate the hypothesis that in-
class participation benefits students, we looked at the percentage
improvement of students’ grades throughout the course in Fall 2023.
(The Fall 2023 class had 2 midterms and a final exam; in contrast,
the Fall 2022 sections replaced the midterm exams with a single
take-home essay that does not lend itself to the same analysis.)
We observed a positive correlation between the amount by which
students’ grades improved and their level of participation in class
between Midterm 1 and Midterm 2. We observed a similar but
smaller correlation between Midterm 2 and the final (see Table 3).

3.2 Balance in Participation
In the three courses in which Agora was deployed, 100% of students
ended up raising their hands at least once in class in all three offer-
ings. 92% of students spoke at least once in Fall 22 Sec 1, 96% in Fall
22 Sec 2, and 91% in Fall 23. We note that these numbers by them-
selves may be astounding to some readers; they are certainly not
the norm at our own university among Computer Science courses
having between 74 and 120 students.

3.2.1 Inequality of Distribution. We used the Gini coefficient [18]
to measure how equally students participated in our classes. The
Gini coefficient is a widely used measure of inequality, applicable
to any distribution, including the distribution of total participation
opportunities among students in our classes. The coefficient ranges
from 0 (perfect equality: all students participate the same amount)
to 1 (perfect inequality, one student receives all the participation
points and all others receive none).

Class Gini Coeff.

Fall 2018 0.478 Without Agora
Fall 2019 0.561
Fall 2022 Section 1 0.429 With Agora
Fall 2022 Section 2 0.429
Fall 2023 0.383

Table 4: Gini coefficient of students participation.
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Figure 2: Lorenz curve of students’ participation distribution

As seen in Table 4, both sections in Fall 22, and Fall 23 have
Gini coefficients smaller than those for the classes in Fall 2018 and
Fall 2019, indicating that Agora distributed opportunities to speak
more equally among students than before its deployment. We also
conducted significance tests by bootstrapping our datasets (resam-
pling our data with replacement to generate 10,000 new, synthetic
classes of the same size) to check whether these differences were
statistically significant. We tested the null hypotheses that each
of Fall 22 and Fall 23’s Gini coefficients was greater than or equal
to those of Fall 18 and 19 respectively. Choosing our 𝑝-value at
0.05, we found these differences to be significant except for Fall 22
Section 1, for which we were unable to reject the null.

We use Lorenz curves to visually present the distribution of
participation in our classes. The closer a Lorenz curve is to the
𝑦 = 𝑥 line, the more equal participation is among students. (Indeed,
the Gini coefficient is the ratio of the area between 𝑦 = 𝑥 and the
Lorenz curve, divided by the total area under the 𝑦 = 𝑥 line.) As
seen in Figure 2, the classes in which Agora was deployed achieved
more equitable distributions across the board.

3.2.2 Participation by Women. Gender bias and inequality are
longstanding concerns in Computer Science, with female students
known to have lower participation levels in computer science
courses [11, 27]. Table 6 summarizes the population of women
in our classes and the fraction by which they contributed to total
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Class % of women % of times spoken by women

Fall 2018 42 40 Without Agora
Fall 2019 45 51
Fall 2022 Section 1 40 33 With Agora
Fall 2022 Section 2 29 37
Fall 2023 41 42

Table 5: % of women in each course and % of times they have
spoken out of total students’ interventions.

participation. Ideally, we would want these fractions to be as similar
to each other as possible in each year, although we also expect a
certain amount of random variation from year to year. In order to
more deeply understand whether women in our classes participated
at above or below their level of representation, we looked at the cu-
mulative share of participation in our classes (Figure 3). In Fall 2018
and 2019, the instructor reports having made a conscious effort to
maintain gender balance in class discussions. In contrast, Agora had
no way of having any knowledge about students’ genders. How-
ever, it managed to choose students so that women’s participation
close to their level of representation. More specifically, in all classes
the very most active (e.g., top 5% of) participants were men. In all
classes other than 2022 Sec 2, the vast majority of women partici-
pated above their level of representation: i.e., the typical woman
participated more actively than the typical man. Overall, we can
conclude that there was a small number of highly engaged men,
but, in the remaining population, women were actually more likely
to participate. Finally, we can see that the students least likely to
engage were overwhelmingly men. In 2022 Sec 2 women’s par-
ticipation remained below the population percentage across the
cumulative distribution, but nevertheless did remain close to parity
beyond the most engaged 10% of students. We do note that in 2022
Sec 1 had a male instructor and Sec 2 had two female instructors;
conversely, Sec 2 had only 29% women vs 40%. It is possible that
some combination of a selection effect among female students and
the impact of being more substantially minoritized played a role in
the difference observed here.

3.3 Survey Results
We conducted an optional survey at the end of our courses, seeking
students’ feedback on their experiences in the course, including
the use of Agora. The survey was sent to all students in the Fall 22
and Fall 23 sections (N=309) and received 31 total responses. We
collected both broad and highly specific impressions about Agora
via between 4 and 10 questions (varying across years), each using
a 5-point Likert scale. We highlight three of the most interesting
questions here. In response to a question about how easy they
found it to use Agora, 68% of participants either agreed or strongly
agreed that the app was easy to use. To a question asking whether
they would have participated less in class without Agora, 80% of
participants either agreed or strongly agreed that they would have
participated less. When we asked whether Agora helped students
overcome their anxiety of raising hand to talk in class, 41% of
students agreed that Agora was helpful for this purpose.
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Figure 3: Participation by female students

SD D N A SA Total Responses

Q 1 4 6 0 6 15 31
Q 2 2 3 0 12 8 25
Q 3 6 7 0 5 4 22

Table 6: Survey Results: SD = Strongly Disagree; D = Disagree;
N = Neutral; A = Agree; SA = Strongly Agree.

4 CONCLUSIONS
Agora is an open-source app that encourages students to engage
in active learning by incentivizing them to prepare answers to
questions under collective class discussion, while also giving them
control over when to participate. Students decide when to raise or
lower their hands; the system chooses among students who opt in
(skipping students who have already spoken in the current class
and biasing towards students who have spoken rarely in previous
classes) and awards participation credit to all students whose hands
were raised. Agora offers a range of additional features designed to
aid in its practical deployment. We empirically evaluated the system
across three course offerings and found that active participation
correlated both with high grades and with grade improvement be-
tween the midterm and final; that Agora yielded generally balanced
participation ratios between men and women; and that students
reported satisfaction with the system in a survey. We note some lim-
itations of our study: notably, our assessment of learning outcomes
was correlational rather than causal (ideally, two identical sections
would run in parallel, one with Agora and one without); and our
assessment of gender was restricted to a binary concept of gender
due to our reliance on the registrar’s data. In future work, we intend
to expand our study by exploring different grading schemes to map
participation points to course credit. Additionally, we plan to extend
our study on distribution balance to include other underrepresented
groups, such as racially minoritized students.
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