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ABSTRACT
This paper describes a new mobile game application, Lec-
ture Quiz, which can be used within lectures in higher ed-
ucation to promote strong student participation and enable
variation in how lectures are taught. The new idea is to
provide a lecture game using the devices and infrastructure
already available in lecture halls like the teacher’s portable
PC, a large screen and a video projector, network connec-
tions, and the students’ mobile phones. The architecture of
the game application consists of a server, a client for the
students and a client for the teacher. The game is a multi-
player quiz game with a variation in game modes where an
unlimited number of players can play simultaneously. The
main contribution of this paper is a description of a novel
game concept for lectures and an evaluation of the applica-
tion in use. The paper also reports technology choices we
made when implementing the game and how we solved the
problem of variation in latency between the server and var-
ious mobile clients running on different wireless networks.
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1 Introduction

Video games have the last couple of years become more
and more used within schools to teach children mathemat-
ics, geography, English and other subjects. Experiences
show that video games can be effective and compelling
context for children’s learning [15, 9, 8]. The usual way
of integrating video games in schools is to let the children
practice on certain skills in a computer lab supervised by a
teacher. Previous research shows that it can even be bene-
ficial for academic achievement, motivation and classroom
dynamics to use video games within a classroom [17]. It
is also believed that the teaching methods based on educa-
tional games are not only attractive to schoolchildren, but
also to university students [18]. Research on video games
for higher education has been done before, e.g. [3, 14, 13],
but we believe there is an untapped potential that needs to
be explored. Research within this domain should focus on
two main areas: development of new game concepts and
game technologies for higher education, and evaluation of

these concepts and technologies. A video game can be inte-
grated mainly in two ways with a university course. First,
video games can be used instead of traditional exercises.
This approach should motivate the students to put extra ef-
fort into the exercises and gives the teachers an opportunity
to monitor the students when they are doing the exercises.
Second, video games can be used within lectures to im-
prove the participation and motivation of students. This
paper focuses on the latter, and describes the game Lecture
Quiz – being a game that is easy to integrate with lectures.

In the initial phase of the design of a new game con-
cept for lectures, we considered the existing technological
infrastructure already available in lecture halls. All lecture
halls at the Norwegian University of Science and Technol-
ogy (NTNU) are equipped with a stationary PC for the lec-
turer connected to local monitor and a video projector dis-
playing an image at a large screen (various sizes depending
on the size of the lecture hall). There are also connections
to connect a private laptop to the video projector, and there
are both wired and wireless network (WiFi) connections
available. In addition, close to 100% of our students own
a mobile phone where most of these phones can run Java 2
Micro Edition (J2ME) applications.

The goal of developing a lecture game was to motivate
students, make students learn, and to improve student par-
ticipation in lectures. Thus, it was important that as many
students as possible could participate in the game simul-
taneously. We therefore decided to include the students’
mobile phones into the game concept along with the equip-
ment already available in the lecture halls. The game con-
cept that we developed was a variant of the existing Sony
Playstation 2 quiz-game series Buzz! [1]. The main dif-
ference is that in our game we allow unlimited number of
players and that the players will use their personal mobile
phones as game controllers.

Game-based learning in mobile and ubiquitous learn-
ing environments has gained interest in recent years, e.g.
[16]. Studies show that wireless technology used in an ed-
ucational setting can increase mental activity [10], facilitate
interactivity [19], and promote social interaction [6]. This
paper will focus on the game concept, the software archi-
tecture, and the technical aspects of the lecture game con-
cept. The main contribution in this paper is a presentation
of a novel game concept that can be used in any lectures,
experiences from actual usage of the game concept, and



some technical considerations.
The rest of the paper is organised as follows. Sec-

tion 2 describes and motivates for the game concept used in
Lecture Quiz. Section 3 describes the software architecture
and the technical considerations made when implementing
such systems. Section 4 describes an evaluation of Lec-
ture Quiz with emphasis on data communication. Section 5
describes similar approaches, and Section 6 concludes the
paper.

2 The Game Concept

In this section we will present the motivation and a descrip-
tion of game concept of Lecture Quiz as illustrated in Fig-
ure 1 featuring student participation and interaction.

2.1 Choice of game concept

In our search for a game concept for lectures, we found
a large number of projects and products of varying suc-
cess. The most important consideration when designing a
game is to make the game captivating and interesting to use.
In addition, for games used in education, the players must
learn something useful from playing. Malone has listed
three main characteristics that makes things fun to learn:
they should provide the appropriate level of challenge, they
should use fantasy and abstractions to make the game more
interesting, and they should trigger the player’s curiosity
[12]. Quiz games are likely to trigger player’s curiosity as
well as provide a challenge for the player, but do not pro-
vide much fantasy for the player. However, we believe that
the lack of fantasy can partly compensated if the game is a
multiplayer game where the social interaction becomes an
important motivating factor for playing. We also consid-
ered the social interaction to be important for games used
in lectures, to promote more active students in general. In
a quiz game, the level of the challenge is adjusted by the
questions asked, and the alternatives provided. Thus, the
challenge level can be adjusted to the right level for most
participants but not tailored for the individual differences.
The main benefit of choosing a quiz game concept is that
such games can be used in any course independent of the
subjects being taught. Quiz games are most useful for test-
ing and rehearsing theory, and are less useful for testing
skills like doing calculation in Mathematics or similar (al-
though, it can also be used for such purposes).

2.2 Game Modes

Our architecture (see Section 3) allows the design of
multiple game modes to facilitate various multiplayer
quiz variations similar to game modes available in games
like Buzz! [1]. In our current implementation we have
developed two game modes with names reflecting how the
students performance is presented:

Figure 1. Illustration of the Game Concept

Score distribution: In this game mode, the pre-
sentation of the students answers distributed on the
various alternatives is shown in an animated 3D bar
diagram and the correct answer is highlighted as shown in
Figure 2a). The graphics is scaled in size (both the bars
and the text), enabling a variation in number of alternatives.

Last man standing: In this game mode, the players
have to answer correct to play in the next round. After each
question, all the players that have participated in the round
are displayed on the screen as avatars with a nickname be-
neath, see Figure 2b). The players that have answered in-
correctly get shot and will not make it to the next round.
The goal of this game mode is to be the last man standing
as shown in Figure 2c). Also for this mode, the graphics
automatically scales the avatars and the text so they will be
larger when few players are left (see Figure 2 b and c).

3 The Software Architecture

The Lecture Quiz game has been designed using the well-
known client server architectural pattern. A deployment
view of the Lecture Quiz game is shown in Figure 3. The
system consists of one server and one teacher client and
one student client. The server manages a database of ques-
tions and alternatives, tracking game scores, manages game
modes, and routing messages between the server and the
clients. The server program is accessed by the clients over
the network using TCP/IP and is typically run one of the



Figure 2. Lecture Quiz game modes

University’s web servers. The teacher’s game client is used
to initiate and control the game using a keyboard, and is
used to visualise the performance of the students. This
client is usually run on the teacher’s laptop PC. For the
student client, the Lecture Quiz system support two alter-
natives – one is running on a mobile phone and one on a
laptop PC. The only difference between these two variants
is that the PC client runs an applet to wrap the mobile ap-
plication enabling students with laptop PCs to run game
clients from their machines.

3.1 Technology Choices

The server application of the system was implemented in
Java SE 6 and MySQL well integrated with an Apache Web
server, to enable cross-platform portability and easy inte-
gration with the rest of the server applications running at
our department. For the mobile clients, we had to make
a choice between three implementation approaches: 1) na-
tive applications, 2) .NET Compact Framework (CF) from
Microsoft, 3) Java 2 Micro Edition (J2ME) from Sun Mi-
crosystems. To make a choice, we considered what the mo-
bile devices of the students could run. Only a few students
have mobile phones or PDAs that are able to run .NET CF.
Further, only few students have mobile devices that allow
native applications. Thus, our choice was to use J2ME that
made it possible to run the client on all kinds of devices
including PCs using a Java applet.

It was harder to choose the implementation platform
for the teacher client application, as it was important to that
this client application could produce nice graphics and an-
imations. Our choice was between two alternatives: 1) us-
ing C++ or C# in combination with Microsoft’s DirectX or
2) using Java SE in combination with OpenGL. The first al-
ternative is an attractive choice with good development en-

vironments, high-speed graphics and good developer sup-
port, but it lacks of portability across operating systems.
The second alternative was chosen, as many lectures run
other operating systems than Microsoft Windows such as
Linux and Mac OS. The main disadvantage choosing the
Java and Open GL was a potential loss in performance.

3.2 Network Considerations

Our architecture is independent of the type of network used
in the system. However, we recommend using a wired con-
nection between the teacher game client and the server to
ensure stability and high transfer speed. Between the stu-
dent game client and the server, a wide variety of wireless
network technologies are available: GSM, GPRS, EDGE,
3G, WiFi and Bluetooth. Of these networks, GSM is not
recommended because of slow transfer speed and long de-
lays in establishing connections. We also considered pro-
viding support for Bluetooth connections directly between
the server and the mobile devices in the lecture hall. This
approach was abandoned, as it has limited the number of
players that could participate. Even when using a Bluetooth
hub, the maximum number of players would be maximum
21. From experiences from another project [20], we know
that a Bluetooth connection with 21 clients can become
slow, has a long connection time and is unstable. Thus, we
chose to do all communication between the student game
client and the server over the telecom networks or the lo-
cal WiFi infrastructure. The main disadvantage with using
the telecom networks is that the students must pay the tele-
com providers a small fee using their network to transfer
data to play the games during the lectures (about 30 cents
per game). As more mobile phones also support WiFi, this
problem might be less of a problem in the future.

4 Evaluation of the Lecture Quiz

The Lecture Quiz game was implemented by two master
students (the second and third author) in four month. This
section describes an evaluation, the first of experiences
from usage, and some issues related to communication.

4.1 Experiences from Using Lecture Quiz

The Lecture Quiz game was used in a summary lecture in
the course Software Architecture 8th of May 2007, as well
being tested by several students not being part of a partic-
ular lecture. Lecture Quiz has received good reviews from
the students on concept, engagement and playability. For
the teacher the game concept was easy to integrate with the
lecture, as the PowerPoint and a video projector was used
in the rest of the lecture.

In the test in the software architecture lecture, the stu-
dents were told in the beginning that they were going to
play a new quiz game in the last part of the lecture. We ob-
served, that the students were very concentrated during the



Figure 3. Deployment view of the Lecture Quiz game

presentation of the power point slides in order to do their
best in the game. The two game modes were used, start-
ing with Score distribution and continuing with Last man
standing. The same questions were used for both game
modes, thus giving the students the opportunities to learn
from the first game round. The students said after the lec-
ture that they thought this approach was useful both for
learning and for motivating students to show up in lectures.

4.2 Issues Related to Data Communication

From the start of the Lecture Quiz project, we were aware
of initial latencies of up to 6-10 seconds for TCP/IP pack-
ages sent over GPRS networks [5]. As an important part of
the gameplay is synchronised by a countdown timer (e.g.,
20 seconds to pick an answer), this unpredictable latency
would make the game unfair and cumbersome to use. Thus,
we had to find ways to minimize the perceived delay for the
player.

From tests we ran, we discovered that the initial la-
tency differed considerably between the mobile network
providers. At times, the initial delay of some providers
was several seconds longer than others. However, this was
only a problem for the first packet sent after a longer delay.
The average latency could be drastically reduced by send-
ing small amounts of data directly after the mobile client
returned an answer. E.g., for one telecom provider the la-
tency was reduced from 1828 to 344 milliseconds, by trans-
mitting an extra data packet.

Our solution to synchronise the mobile clients was to

send one packet of data (dummy or real) every 2 second
and at the same time introduce an intentional delay of 2
seconds before the clients could start to answer. The intro-
duced delay was camouflaged in the Teacher client by play-
ing a sound of a bell and displaying the countdown timer
before the question was displayed (2 seconds and 300 mil-
liseconds) after the dummy package was sent to the clients.

The solution to this problem is illustrated in Figure
4. ∆Normal illustrates the normal difference in delay for
two mobile clients to be ready to receive answers from the
players, ∆wait is the introduced delay to cover the differ-
ences in latency between clients and ∆Optimized is the
optimised difference in delay after using the solution de-
scribed above.

Our solution reduced the observed delay on the mo-
bile clients from maximum 7-8 seconds on the slowest tele-
com providers to approximately 300 milliseconds. A dif-
ference of 300 milliseconds will not affect the gameplay
and fairness of the game.

5 Related Work

As far as we know, there are no papers describing exactly
the same game concept using the technical infrastructure in
lecture halls. However, there are some related approaches
that we will describe in this section.

In [4], the TVREMOTE Framework is presented. The
framework was designed to allow hundreds of students to
participate and give feedback during lectures using their



Figure 4. Synchronisation between server and clients

mobile phones over the GPRS network. The system fea-
tures polling of students’ opinions and electronic question
submission. The teacher can also broadcast links and notes,
as well as multiple-choice questions. The teacher collects
the feedback and reads it from a private display. The main
motivation for this tool is for the teacher to get a statistical
distribution of correct and incorrect answers. Studies using
the TVREMOTE show that students generally appreciate a
short explanation as to why a given answer is correct.

Linnell et al. describes Classroom Presenter being
a Microsoft PowerPoint plug-in developed at the Univer-
sity of Washington [11]. This plug-in allows students to
write comments directly onto the digital slides with a sty-
lus or a keyboard input using a tablet PC handled out at
the beginning of the lecture. Exercises are broadcasted to
the tablet PCs, and the students write their answers onto
a blank space of the slide. The teacher can then browse
through the replies.

WIL/MA is a tool developed at the University of
Mannheim and is a Java implementation of a digital
hand raising, spontaneous student comments and multiple-
choice questionnaires [21]. The clients run on PDAs and a
WiFi connection is used to transfer data. The teacher ob-
tains the students responses on his private screen on a PC.

ClassInHand is another approach developed at Wake
Forest University, and features a presentation controller,
real time quiz and student/teacher interaction [22]. The
students’ clients run on Windows Mobile PDAs and the
teacher is also running his/her client on a PDA. The
teacher’s client is used for information retrieval and this
information can later be presented to the students indepen-
dently of the ClassInHand system.

ClickPro is a commercial classroom polling applica-

tion developed by Avrio Ideas for teaching in elementary
school [2]. The system is based on infrared technology,
giving the students special remote controls to submit the
answers of multiple-choice questions. The teacher controls
the application on a PC and the answers are displayed us-
ing a TV or a video projector. Each student is assigned a
number that is displayed on the screen so the student can
see if his answer is correct or not.

Buzz was originally conceived as commercial trivial
game for Sony Playstation 2. With government funding, a
new version of the game named Buzz! The School quiz was
designed especially as a tutoring tool [7]. The game will
be marketed towards education institutions and comes with
content covering Stage 2 National Curriculum for private
schools in the UK. A new feature, create a quiz is included
to allow tutors to hold revision exercises on a given subject.
The game will use the Playstation 2 platform and wired
special purpose buzz-controllers that allow up to maximum
8 players.

Apart from Buzz! The School quiz, none of the sys-
tems above was intentionally designed as a game. Many of
the systems provide functionality for running quiz, but the
main focus is for the teacher to get the knowledge level of
the students, as the result is not presented for the students.
The ClickPro system has many similarities to Lecture Quiz,
but was neither designed as a game e.g., including different
game modes. In addition, ClickPro does not use the avail-
able technical infrastructure in lecture halls and requires
special purpose devices to use the system. Although, Buzz!
The School quiz is a game, this is a game tailored for a par-
ticular syllabus and cannot be used to support lectures in
general. In addition, the game requires special controllers
and a game consol to run.



6 Conclusion

In this paper we have presented a new game concept that
can easily be integrated with lectures. The game is a mul-
tiplayer game that utilise the equipment and infrastructure
available in lecture halls like the teacher’s PC, network con-
nections, video projector and the students’ mobile phones.
The game has been used with success in a software archi-
tecture lecture, and the students claimed that they learned
from playing the game and those such games would make
it more likely that they will follow lectures. The mobile
game clients communicate with the server using wireless
telecom networks like GPRS, EDGE and 3G. We found
that when transferring the first packages over the wireless
network, it could take up to 6-10 seconds before the data
was sent. However, when the first package was sent, there
were only small delays sending another package within 2
seconds. We solved the problem of synchronising the mo-
bile clients by sending dummy or real data packages ev-
ery 2 seconds and introducing a 2 seconds delay before the
clients could start to answer. This reduced the difference
in delay between various mobile clients and networks from
maximum 7-8 seconds to approximately 300 milliseconds.

We will continue to explore the area of lecture games
by creating new game modes in Lecture Quiz, evaluating
the use of Lecture Quiz in real lectures, and designing and
implementing other new game concepts that can be used in
lectures.
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