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Abstract—This innovative practice work-in-progress paper
presents the Challengr tool, a modern Classroom Response
System (CRS) used to organise micro-contests in classrooms,
especially for higher education. The proposed tool is designed
to evaluate students in a fun and challenging way. It also allows
instructors to collect feedback about students’ performances to
adapt and improve their lessons and teaching.

CRS is an interesting technology to increase students’ motiva-
tion and introduce interactions in classrooms in a scalable way.
Classical CRS like clickers can be used to implement active and
cooperative learning, making students engaged actors of their
own learning. The tool proposed in this paper is not meant to
provide interaction during the lesson or collect real-time statistics
with brief questions to the audience. The micro-contests can
take place at the beginning of the lesson to check students’
backgrounds or memories of the previous ones. At the end of the
lesson, it can be used to probe what they understood. Finally,
the system supports local challenges and online remote ones and
can accept guests. It additionally offers an API to connect it to
other tools, like Learning Management System (LMS).

Challengr is suitable for computer science engineering courses,
in particular when skills to be mastered by students are piecewise
and incremental. This work-in-progress tool is planned to be
tested for an introductory programming course. It is critical
for instructors to follow up how students are assimilating the
material from the lessons. It will also undergo a thorough
evaluation measuring the impact on students’ learning.

Index Terms—Competency based assessment, Evaluation.

I. INTRODUCTION

Classroom Response Systems (CRS) and similar tools such
as physical clickers have been designed to bring more interac-
tions into the classrooms, especially for large auditoria. CSR
helps instructors to design teaching tactics yielding measurable
superior learning outcomes [1] by increasing and improving
classroom interactivity [2]. Many audience response systems
with different features and usages exist and are used in
classrooms [3], [4]. In addition to technical considerations
about the used tool, the way it is used in classrooms also
impacts the possible effect on students learning.

This paper presents the Challengr tool, a modern CRS that
is used to run and organise micro-contests in classrooms. This
tool has been specifically designed for education, putting the
focus on formative assessment and real-time feedback.
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A. Related Work

Classroom Response Systems (CRS) have been used from
the beginning of the year 2000 [4]-[8]. Initially, they were
physical clickers transmitting the user’s answer to a received
with an RF connection. Later, with the generalisation of
smartphones and tablets, the emergence of mobile applications,
and the generalisation of Wi-Fi connections in classrooms,
CRS evolved from hardware systems to software ones [5].

Many systems have been created and used in educational
settings. For example, EduClick is a specific hardware CRS
used with software to project questions and manage the
interaction [9]. Several types of quizzes can be run, especially
competition quizzes. Statistical modes give access to useful
information for instructors to improve their teaching. Quick
Quiz proposes a gamified approach to teaching based on MCQ
supported by a software tool [10].

Recently, Kahoot! [11]-[13] and Poll Everywhere [14], [15],
two widespread and popular tools, have been used to organise
competitions in classroom settings. These general tools support
online polls with MCQ that can be used in classrooms. They
both have features similar to the ones desired in this work and
implemented in the Challengr tool, to support some kinds of
competitions. The main difference, detailed in Section II-E, is
the fact that they have not been specifically designed to run
micro-contests in an educational setting.

B. Motivations

The main goal of the Challengr tool is to bring a new
kind of interaction in classrooms to motivate higher education
students to learn and improve their learning. It can also be
used by instructors to evaluate students’ competencies in a
fun and challenging way. Real-time feedback about students’
performance can be collected and used by instructors to adjust
their courses during the semester. Finally, this paper also
presents associated instructional use of the developed tool, to
foster students’ learning. Compared to other existing tools,
that may have been used to obtain similar results than those
expected with Challengr, this latter tool has been designed
with educational objectives in mind. The presented tool must
be used with the proposed associated instructional use.
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Fig. 1. Challengr is a distributed application that can be used to organise

micro-contests accepting participants on both a web and a mobile front end.

II. THE CHALLENGR TOOL

The Challengr tool is a distributed application used to
organise micro-contests. Fig. 1 shows an overview of its
architecture. It consists of three main parts: (a) an API server,
(b) a website, (c) and the Challengr application. The API
server proposes services to manage challenges. Some of them
are accessible to the other two components while others are
open to external applications. The website allows instructors
to create and manage their challenges and access results and
statistics. Finally, the Challengr application is used by instruc-
tors to run the challenge and allow students to participate.

A. Question

The heart of micro-contests is the question. Instructors can
create them and manage their own private library of questions
through the website. The proposed tool supports several kinds
of questions including simple MCQ, open text, drag and drop,
image hotspot, etc. A tag feature allows instructors to organise
their questions library and to efficiently search through them.

B. Challenge

Instructors can create and configure new challenges through
the website. Just by selecting a list of questions and a list of
participants, they are done with the micro-contest setup. The
tool makes it possible to either run local challenges or remote
ones. In both cases, a challenge can be configured to accept
public guests that have not to be on the participants’ list.

Local challenges are meant to be run on a private Wi-Fi not
connected to the internet. In addition to minimise cheating
risk, it is useful to prevent an unstable internet connection
disturbing the contest. Such challenges are handled by the
Challengr application run by the instructor on a computer
connected to the same network as the students. Remote chal-
lenges require an internet connection since they are completely
managed by the Challengr servers. The main advantage is that
instructors do not have to install nor run anything on their
computer except a web browser. The main disadvantage is the
dependence on a good internet connection.

In both cases, instructors can control the flow of the micro-
contest. For each question, one slide with its statement and
answer propositions is generated. Depending on their device,

students will either see the projected slide or only the answer
input component. Students have a limited amount of time to
answer the question, which is configurable for each question.
The score for a correct answer, a wrong one, and an abstention
can also be configured for each question. When creating the
challenge, it is possible to organise the questions by groups,
each being configured with the maximum time and scoring
scheme for its questions. Typically, difficulty levels are used
to define these groups (easy, medium, and hard questions).

C. Statistics and Feedback

After the completion of the challenge, both students and
instructors have access to several statistics and feedback
information. Students can review all the questions with their
answers, the correct one, and an optional feedback explanation
if the instructor has set it up for the question. They can also
see their own total score and position in the classroom ranking.

Instructors have access to more detailed statistics about
each student, each question, and about the whole classroom.
For challenges only consisting of MCQ, instructors have
access to psychometric indicators from Classical Theory Test
(CTT) and Item Response Theory (IRT). It can help them to
identify difficult questions and not well-asked ones. For all
questions, they also can access basic statistics about students’
answers (histograms, average, standard deviation, etc. Finally,
for questions that have been used several times in different
challenges, they can perform diff analyses.

Finally, instructors can add a feedback survey with questions
asked to students after the completion of the challenge, just
before the results and ranking are made available. It is a
convenient way to collect simple information about their
experience. Examples of questions to ask are whether they
found the challenge fun, whether its level was too difficult
for them or what is the score they expect to have. Several
predefined questions are available for instructors to include
them when designing their challenge.

D. API

The proposed tool comes with an API server providing
internal services to support the website and the Challengr
application. External services are also available and used to
ease the connection with other tools, in particular Learning
Management Systems (LMS). This latter access can be used
to retrieve data from the Challengr tool into other tools. For
example, the detailed score of a student obtained during a
challenge can be used to support a certification assessment.

E. Advantages

Compared to Kahoot! or Poll Everywhere, the Challengr
tool is more specific and only targeted to competitions. While
the two aforementioned tools can also support some kinds of
competitions, they are way more general. In particular, as far
as we know, they only support online remote competitions
with MCQ with at most four answer options. Also, only
Poll Everywhere has some integrations with LMS, which
is absent from Kahoot!. Finally, neither offers instructional
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Fig. 2. A challenge should be run either at the beginning or at the end of the
course session, depending on what information the instructor wants to collect.

use or specific tools targeted to instructors and dedicated
to improving their teaching. The Challengr solution comes
as a bundle with technical infrastructure and tool and with
educational features aiming at improving teaching and learning
for instructors and their students.

III. INSTRUCTIONAL USE

The challenges supported by the proposed platform can
be used in different settings. Several scenarios have been
thought of, to use the Challengr tool in a classroom to
evaluate students’ competencies and collect information for
the instructor. Fig. 2 illustrates two proposed moments in time
when to run a challenge, namely at the beginning or at the end
of a course session. In each of these scenarios, information
about the current competencies of students is collected and
made available to both the instructors and themselves.

A. Running Challenge

Proposing challenges to students at the beginning of the
course may serve two purposes. Running a challenge that
emphasises the previous course session encourages students
to revise their notes [16]. Additionally, immediate feedback
guides students about their own learning status and progress.
Having students better prepared ahead of a course session is
more pleasant for the instructor. It also provides a signal to stu-
dents who are maybe a bit late in the course material. Another
reason is to check any background or prior knowledge. It may
help instructors to better know their classrooms before starting
a new course. Another possibility is to end the course session
with a challenge. The instructor will then be able to check what
students remembered or understood about the course session
they just heard, depending on the questions used. The collected
feedback allows the instructor to better prepare the next course
session to possibly provide reminders to students.

B. Collected Feedback

Both approaches can be used for either formative or cer-
tification assessments. In any case, the collected information
informs students about their own situation and progress and
instructors about how their classrooms are performing. Check-
ing the audience understand the concepts presented during
the course is important for instructors. This is the case for
some computer science courses where concepts are brought
in a piecewise and incremental way. For example, in an intro-
ductory programming course, variable and boolean expression
concepts should be well understood before moving to the
loop concept. Using Challengr with the proposed settings and
relevant questions can help instructors to better understand
their classroom and adapt their teaching.
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Fig. 3. A possible timeline starts with the challenge, followed by a survey,
then a feedback session showing correct answers, and finally the results.
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IV. STUDENT ASSESSMENT

The Challengr tool has not only been designed to bring
interactivity for students in the classroom nor to provide
an information collection mean for instructors. Following
the principles of Technology-Enhanced Formative Assessment
(TEFA) [3], the proposed tool can be used to assess stu-
dents and capture real-time information about their learning
progress. First, students can follow their progress in micro-
contests’ rankings during the semester, to note an evolution or
a stable position at the top.

With these formative assessments, instructors can keep track
of the progress of their students and classrooms. They can
also provide students with feedback by adding comments
explaining the correct answers for each question or by going
through them with students after the end of the competition.
Fig. 3 shows a timeline example of what can be done with
the Challengr tool. The first step is the execution of the
challenge controlled by the instructor. Students are discovering
and answering the questions at the rhythm defined by the
instructor. At the end of the competition, students get some
time to fill in the feedback survey. After that, the instructor can
go through all the questions again, while showing the correct
answer and explaining why it is the correct one. Finally,
individual scores are made available to students, along with
the ranking. At that time, the instructor could access general
statistics about the classroom.

Using such formative assessments during the semester has
proven to have a positive impact on students’ learning [17],
[18]. The results of the challenge both help students and
instructors to have information about their knowledge and
progress with time. The survey may help instructors to better
characterise and profile students, which can be useful to
personalise their learning. For example, a student always
overestimating his/her score may need some advice from the
instructor. Finally, the feedback time is important for students
to learn from their errors and to gain self-confidence for
the questions they mastered. The Challengr tool can also be
used for certification assessment, especially when run locally
without internet access. The provided API can be used to
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Fig. 4. The Challengr tool has been designed to support real-time feedback
between instructors and their students by proposing fun and challenging
micro-contests to assess students’ competencies.

retrieve the scores into an external application such as an
LMS, for example. The large variety of question types makes
it possible to create rich challenge enough so that to be able
to assess differently several competencies. It may also help to
remove any bias or random answers possible with MCQ-only
quizzes. For this latter case, the generated statistics may help
instructors to neutralise some questions after having analysed
the psychometric indicators.

V. CONCLUSION AND FUTURE WORK

As summarised by Fig. 4, the Challengr tool has been de-
signed to be a real-time feedback tool between instructors and
their students. The proposed tool can be used to create and run
challenges in classrooms. They are meant to bring a fun and
interactive way for students to assess their competencies and
for instructors to collect students’ performance information.

The Challengr solution is planned to be tested with students
following an introductory programming course, following ex-
isting evaluation approaches [19], [20]. Gamified approaches
used for higher education have proven efficient [21], in par-
ticular, to learn to program [22]. This upcoming experiment
will have as main objective to measure how well the Challengr
tool improved several aspects of teaching and learning. Two
surveys will be conducted on this occasion, to measure the
motivation and user experience of students with the tool, the
evolution of students’ performance on the assessed compe-
tencies. A survey will also be conducted among teachers to
measure the relevance of the statistics and feedback generated
by the tool. Future work also includes improving the platform
itself, by adding new question types, testing new statistics
information, and by implementing integrations with popular
LMS, by using the Learning Tools Interoperability (LTI)
specification. Finally, the Challengr solution will also be used
with the “stars system”, a tool supporting competency based
assessment, to provide certification assessments [23].

REFERENCES

[1] J. S. Twyman and W. L. Heward, “How to improve student learning in
every classroom now,” International Journal of Educational Research,
no. 87, pp. 78-90, 2018.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

K. Siau, H. Sheng, and F. F-H. Nah, “Use of a classroom response
system to enhance classroom interactivity,” IEEE Transactions on Edu-
cation, vol. 49, no. 3, pp. 398-403, 2006.

R. H. Kay and A. LeSage, “Examining the benefits and challenges of
using audience response systems: A review of the literature,” Computers
& Education, vol. 53, no. 3, pp. 819-827, 20009.

J. E. Caldwell, “Clickers in the large classroom: Current research and
best-practice tips,” CBE-Life Sciences Education, vol. 6, no. 1, pp. 9-20,
2007.

A. I. Wang, M. Zhu, and R. Saetre, “The effect of digitizing and
gamifying quizzing in classrooms,” in Proceedings of the 10th European
Conference on Games Based Learning, 2016.

J. L.-H. Bowden and S. D’Alessandro, “Co-creating value in higher
education: The role of interactive classroom response technologies,”
Asian Social Science, vol. 7, no. 11, pp. 35-49, 2011.

C. Fies and J. Marshall, “Classroom response systems: A review of the
literature,” Journal of Science Education and Technology, vol. 15, no. 1,
pp. 101-109, 2006.

K. Moss and M. Crowley, “Effective learning in science: The use of
personal response systems with a wide range of audiences,” Computers
& Education, vol. 56, no. 1, pp. 3643, 2011.

T.-C. Liu, J.-K. Liang, H.-Y. Wang, T.-W. Chan, and L.-H. Wei, “Em-
bedding educlick in classroom to enhance interaction,” in Proceedings of
the International Conference on Computers in Education (ICCE), 2003,
pp. 117-125.

C. Cheong, F. Cheong, and J. Filippou, “Quick Quiz: A gamified
approach for enhancing learning,” in Proceedings of the Pacific Asia
Conference on Information Systems (PACIS). AlSeL, 2013, p. 206.
C. M. Plump and J. LaRosa, “Using Kahoot! in the classroom to create
engagement and active learning: A game-based technology solution for
eLearning novices,” Management Teaching Review, vol. 2, no. 2, pp.
151-158, 2017.

J. P. Grinias, “Making a game out of it: Using web-based competitive
quizzes for quantitative analysis content review,” Journal of Chemical
Education, vol. 94, no. 9, pp. 1363-1366, 2017.

R. Dellos, “Kahoot! a digital game resource for learning,” International
Journal of Instructional Technology and Distance Learning, vol. 12,
no. 4, pp. 49-52, 2015.

J. E. Caldwell, “Flipped classroom with poll everywhere: engaging
students with active learning in large group settings,” Journal of Asian
Scientific Research, vol. 5, no. 2, pp. 111-119, 2015.

W. M. Kappers and S. L. Cutler, “Polleverywhere! even in the classroom:
An investigation into the impact of using polleverywhere in a large-
lecture classroom,” The ASEE Computers in Education (CoED) Journal,
vol. 6, no. 2, pp. 21-30, 2015.

M. Haigh, “Sustaining learning through assessment: an evaluation of
the value of a weekly class quiz,” Assessment & Evaluation in Higher
Education, vol. 32, no. 4, pp. 457474, 2007.

J. 1. Priego-Quesada, I. Jimenez-Perez, R. M. Cibridn Ortiz de Anda,
R. Gonzdlez-Pefia, and R. Salvador Palmer, “Effect of in-class group
clicker-quiz competition on student final exam performance,” Advances
in physiology education, vol. 43, no. 3, pp. 430-434, 2019.

L. M. Regueras, E. Verdd, M. F. M. noz, M. A. Pérez, J. P. de Castro, and
M. J. Verdu, “Effects of competitive e-learning tools on higher education
students: A case study,” IEEE Transactions on Education, vol. 52, no. 2,
pp. 279-285, 2009.

R. A. Bartsch and W. Murphy, “Examining the effects of an electronic
classroom response system on student engagement and performance,”
Journal of Educational Computing Research, vol. 1, no. 44, pp. 25-33,
2011.

C. Fies and J. Marshall, “The C3 framework: Evaluating classroom re-
sponse system interactions in university classrooms,” Journal of Science
Education and Technology, vol. 17, no. 5, pp. 483499, 2008.

T.-C. Liu, J.-K. Liang, H.-Y. Wang, T.-W. Chan, and L.-H. Wei, “A
review of gamification platforms for higher education,” in Proceedings
of the 8th Balkan Conference in Informatics (BCI), 2017.

S. Combéfis, G. Beresnevicius, and V. Dagiené, “Learning programming
through games and contests: Overview, characterisation and discussion,”
Olympiads in Informatics, vol. 10, pp. 39-60, 2016.

S. Combéfis and G. de Moffarts, “Reinventing evaluations with compe-
tency based assessments: a practical experiment with future computer
science engineers,” in Proceedings of the 2020 IEEE Frontiers in
Education Conference (FIE). IEEE, 2020.



