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Abstract— In this paper we present a new teaching
paradigm based on ubiquitous computing, which we call the
Interactive Lecture. It specifically supports situations where
the interactivity between students and lecturer is usually
limited, such as lectures with a large number of students,
or teleteaching scenarios. In an Interactive Lecture each
student is equipped with a handheld computer. These com-
puters connect to the computer of the lecturer via wireless
communication. Interactivity between students and lecturer
is then increased by a number of services. Examples for
these services are: online-feedback which enables students
to give immediate feedback about the lecture (e.g., about
its speed and difficulty), or online-quizzes were all students
participate in solving problems described by the lecturer.
‘We have developed a first prototype of the software and
performed a thorough evaluation during a graduate course.
The results of this evaluation indicate that interactivity was
increased significantly and that the students were very en-
thusiastic about participating in Interactive Lectures in the
future.

Index Terms— Ubiquitous Computing, Handheld Comput-
ers, Education, Interactive Lecture.

I. INTRODUCTION

Lectures in universities have profited from many techni-
cal advances over the last few years. The common black-
boards were replaced by overhead projectors which again
were substituted by video projectors and electronic white-
boards. Most lecture halls nowadays are equipped with
computers as well as video and audio systems, allowing the
integration of every possible type of media into the lecture.

However, the basic paradigm has remained largely un-
changed throughout this time: the lecturer gives presen-
tations, possibly using several different media to illustrate
the topics of the lecture. For large classes in the order of
more than 50 students, where spontaneous interaction is no
longer possible, this leads to unidirectional communication
and a lack of interactivity between the students and the
lecturer.

Lecturers often attempt to overcome this problem by
asking questions to trigger feedback on how well the stu-
dents have understood the presented material, as well as
provoke them to actively participate [Bli00]. For large au-
diences this is very problematic since only a small fraction
of the students is able to interact with the lecturer in this

way. The overwhelming majority will not profit from this
form of interactivity and remain inactive.

A second, very natural, form of interactivity are ques-
tions asked spontaneously by the students. In large lec-
tures this if often difficult. First of all, not all students are
able to ask questions because of time constraints. Second,
many students do not dare to ask questions in front of a
large audience. Finally, if questions are taken only at cer-
tain times, the questions are out of context when finally
asked. All three problems cause students not to interact at
all.

Another problem arises if the lecturer wants to get feed-
back on how the lecture is accepted by the students and
what he or she can do to improve the lecture. In lectures
with a small audience the teacher can typically deduce this
information from social cues, e.g., the students look bored
or are inattentive. For large audiences this information
is usually gathered by passing out feedback questionnaires
to the students at the end of a lecture period. Unfortu-
nately this approach is rather coarse-grained and does not
allow the assessment of individual elements contained in a
lecture. Furthermore it is not possible for the lecturer to
quickly react to problems.

These issues have gained even more importance over the
last few years by the rapid spreading of synchronous dis-
tance education. In an environment where a lecturer has
to pay attention not only to a local audience but also to
remote students, all of the problems mentioned above in-
crease dramatically.

In this paper we present an approach to improve inter-
activity in lectures by equipping the students with small
electronic devices (handheld computers) [RP02]. These de-
vices communicate with the computer of the lecturer and
thus allow to exchange information with the lecturer at any
time, without disturbing the lecture. The type of informa-
tion exchanged can be arbitrarily complex, ranging from
a simple “virtual hand raising” over detailed feedback to
quizzes that may even be counted towards the grades of the
students. To avoid cost-intensive modifications of the lec-
ture hall, the handheld PCs and the server are connected
by a wireless LAN.



With our technology we aim to create a new form of
multimedia-enhanced teaching: the Interactive Lecture.
We have designed and implemented a prototype and per-
formed a thorough evaluation of this concept during a reg-
ular lecture. The results of this evaluation suggest that
the Interactive Lecture indeed increases the overall learn-
ing success as well as the motivation of the students.

Although our main intention is to improve lectures in
universities and high schools, this approach may also be
investigated for application in other mass events like press
conferences, presentations or shareholders’ meetings.

The remainder of this paper is structured as follows: in
Chapter Two several related projects are presented that in-
vestigate the utilization of electronic devices in collabora-
tive work and education. In Chapter Three, the Interactive
Lecture is introduced and explained in detail. In Chapter
Four, results of an evaluation which took place in January
2002 are presented. The paper ends with a conclusion and
an outlook in Chapter Five.

II. RELATED WORK

Many projects today are dedicated to Ubiquitous Com-
puting, i.e., the integration of tiny computers in everyday
life. Especially the involvement of small electronic devices
for the collaboration in teams or in education receives is
related to our work [RP02], [AAB198], [AAFT96]. Some
major projects are outlined below.

A. The Pebbles Project

The term Pebbles is an abbreviation for PDAs for En-
try of Both Bytes and Locations from External Sources. In
this context the term “bytes” stands for letters/numbers
and “locations” for mouse positions. The intention of this
project at Carnegie Mellon University is to allow multi-
ple persons to use one central computer with their PDAs
[MSGI8]. This is done by remotely controlling the mouse
pointer and the keyboard of that computer. An application
was developed (the “Remote Commander”) which controls
the connections between several PDAs and the computer
and solves some key problems like scaling (small display
size on the PDA vs. big screen size on the computer)
and floor control. The advantage in using this system is
that during meetings all participants can use the electronic
whiteboard (or the computer connected to a video projec-
tor) in turn without having to switch places.

While Pebbles can be helpful to support teamwork be-
tween students, it does not target the problem of a lack of
interactivity between students and the lecturer.

B. SharedNotes System

The SharedNotes System was developed at the Univer-
sity of Calgary and deals with the utilization of handheld
computers in collaboration and teamwork [GBL99]. Each
participant is able to note ideas and items anytime and
anywhere on his/her PDA. During the meeting, these items
may then be published to other participants both by dis-
playing them using a video projector or electronic white-
board and by sending them to other PDAs for future use.

Furthermore any annotations or changes to the discussed
items are stored on the handheld devices, too, so there is no
need to take other personal notes. Unlike other projects,
the SharedNotes System tries to establish the handheld
computer as an adequate working device, not only as a
tool or terminal.

SharedNotes focuses on gathering notes and ideas any-
time in order to then discuss and exchange these items later
in a meeting. Thus it may be suitable for seminars or other
collaborate work, but it is not possible to use this system
to enhance interactivity in lectures since it implies a great
deal of existing interaction.

C. A Multiple Device Approach for Supporting Whiteboard-
based Interactions

This approach tries to solve common problems that oc-
cur when several people try to access a single electronic
whiteboard simultaneously [Rek98], [PMMH93]. For this
purpose handheld computers serve as input assistance just
like a color skid for a painter. A new form of HCI tech-
nique was introduced, Pick-and-Drop [Rek97], where the
user selects several parameters on the PDA like line width,
color and shape with his pen and then uses the same pen to
draw on the whiteboard using these parameters. The user
may even “pick-up” media data from his PDA and then
“drop” it onto the whiteboard. Although all information
(parameters, media, slides, etc.) is transferred directly be-
tween the PDA and the whiteboard, it seems to the user
that the functionality is inside the pen.

Similar to Pebbles and SharedNotes, this projects aims
at enhancing collaborative work in small teams with not
more than 20 participants. Thus it is not directly applica-
ble to mass lectures which we are targeting. Several key
elements of these approaches, though, could be integrated
into an Interactive Lecture.

D. NotePals

NotePals was developed at the University of California
in cooperation with the FX Palo Alto Laboratory (Xerox)
[DLC*99], [DLB*98]. Since most participants of seminars,
lectures, conferences or presentations write down personal
notes, the idea of NotePals is to collect these notes and
publish them on a web site to help the other participants.
Similar to SharedNotes System a pool of knowledge comes
into existence which covers far more information than the
private notes of a single participant. The interface to be
used is an application running on handheld computers on
which the participant can compose his notes simply by
writing on the display. The handwritten notes are then
transferred to a server and processed by some OCR soft-
ware. The notes, as graphic files, are then published along
with the fragments of recognized text to enable keyword
searching.

NotePals is an excellent example for the productive ap-
plication of ubiquitous computing in the educational envi-
ronment. By replacing traditional paper notebooks with
PDAs important knowledge pools can easily be created for



everyone’s advantage. On the other hand this approach
does not improve interactivity during the lecture.

E. Classtalk

This is an early approach to enhance interactivity in lec-
tures [DGL1T96]. During a lecture three or more times a
problem (in form of a multiple-choice question) is displayed
by the teacher, and the students have to solve it in collabo-
rate work. The answer is then submitted over the infrared
port of a TI pocket calculator (or over a special remote
control-like device as used in later developments). All re-
sults are collected and immediately summarized by a cen-
tral server and then displayed as a bar graph. In this way
the lecturer is able to get information about how well the
students have understood certain parts of the lecture, and
to discuss the results immediately to further improve the
learning success of the students.

While being a first attempt to increase interactivity,
Classtalk covers only one possibility of classroom interac-
tion (problem solving/quiz). It does not provide an inte-
grated solution to increase interactivity. The devices and
communication technology used by Classtalk do not allow
the deployment in large lectures and limit the use of the
system to infrequent occasions. In contrast we aim to de-
velop an integrated solution, which is continuously used
during a lecture.

III. THE INTERACTIVE LECTURE

The main goal of the Interactive Lecture is to create a
new channel of communication between teacher and stu-
dents. This channel is intended to allow new forms of in-
teraction, which we call interactive services. For example,
one service could be the ability of students to ask questions
anytime without disturbing the general flow of the lecture.
Another service could allow them to continuously provide
feedback about certain aspects of the lecture, such as speed
and difficulty. The lecturer, on the other hand, is able to
distribute additional information to the students or to pro-
vide them with short exercises by means of appropriate
services.

In an Interactive Lecture all students are equipped with
handheld computers like PocketPCs or Palm PDAs. These
devices are easy to be carried along and they do not
obstruct regular classroom communication, as laptops or
desktops would do. The students’ devices are connected to
a central server by wireless communication such as Blue-
tooth or WaveLAN (IEEE 802.11). Some handheld com-
puters are already equipped with wireless networking fa-
cilities (mostly Bluetooth), others can be extended with
common PC Cards without much effort. In this way it
is possible to easily equip a complete lecture room with-
out any construction work: a well-equipped notebook com-
puter and one or two mobile access points are sufficient as
infrastructure if the students bring along the mobile de-
vices (either their own PDAs or equipment lent to them by
the university).

A. System Architecture

Our software system to run the Interactive Lecture is de-
signed as a classical client/server-application. As the cen-
tral part of the architecture, the server provides the funda-
mental functionality: connection management, user man-
agement and service management. Connection manage-
ment establishes connections to the clients upon request,
processes incoming and outgoing data and monitors the
registered connections for broken links. User management
identifies individual users via password and stores personal
information for internal and external use. Service man-
agement dynamically loads a requested number of plug-in
service modules, informs clients about the availability of
certain services and controls the data flow between the ser-
vices, within the server structure itself and between clients.

The services provide the actual functionality that is vis-
ible to the users when they start their clients and connect
to the server. Services are built as independent modules
that must be loaded by the server at start-up time. They
can be divided into two categories: services to be used be-
fore and after the lecture, which are mainly asynchronous,
and services that are used during the lecture. The former
are pretty obvious: messaging services to send small texts
or graphics to other participants, chat and forum services
to discuss certain items, and user management services to
maintain user-specific information.

The client for the lecturer runs on a machine connected
to the server via a traditional wired network. This client is
specifically designed to match the higher functionality that
is needed to operate the Interactive Lecture, e.g., activating
quiz rounds or answering questions asked by students. All
other clients use the wireless LAN to connect to the server.
They are designed as a single homogeneous tool that is
able to operate all services that are available in a particular
setting.

Special care was taken to allow scenarios with more than
one server. This is desirable in distance education scenar-
ios, where more than one lecture room is included in a
lecture. In order to support authentication of the students
each site in such a scenario may prefer to operate its own
server. To support this setting an external interface pro-
gram can be used to connect two servers, making sure that
at any time both servers have access to all data and all users
while they still operate independently. Since the server al-
lows more than one interface connection every imaginable
server network topology is possible.

This interface technique can also be used to connect a
server to an external application. For example, we have
conducted first experiments to attach a shared whiteboard
system to the server in order to provide a unified user in-
terface for both systems.

The overall system architecture is shown in Figure 1.

B. Services

This section gives a short overview over the most impor-
tant synchronous services that are used in the Interactive
Lecture.
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Feedback This service enables the students to pro-
vide feedback to the lecturer at anytime. The lecturer is
continuously informed about this feedback by means of bar
graphs. To use this service, the lecturer sets up several
categories; typical categories are speed and difficulty of
the lecture. For distance education, additional categories
are useful, such as video/audio quality of the transmission.
Feedback categories are defined by a short description, the
granularity and a characterization of the lowest and the
highest value (e.g., “too slow” or “too fast”). Students may
then express their opinion about the category by selecting
a number between those values.

Call-In  The Call-In service improves upon hand rais-
ing tools, which are already implemented in many video-
conferencing applications. In addition to virtually raising
his/her hand, the student may enter a question or remark
directly into the mobile device and send it to the lecturer.
The lecturer can use this additional information to choose
an appropriate time for answering the question. Also, this
feature can be used to create an archive of interesting ques-
tions and possibly answers. Of course this service also sup-
ports simple “virtual hand raising” as needed for very large
lectures or in teleteaching environments.

Quiz A quiz is a task that is prepared by the lec-
turer before the lecture starts. At the appropriate time
during the lecture the lecturer transmits the quiz to the
handheld devices of the students, who will then enter their
answers. The results are automatically graded, statistically
accumulated and displayed. The quiz service supports the
teacher to prepare the quizzes, to activate them during a
lecture and to analyze the results during and after the lec-
ture. Since we regard this to be the service with the largest
potential to increase interaction between lecturer and stu-
dents we describe it in detail in the next section.

--------------------------

Remote
Server

Foreign System
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Architecture of the Interactive Lecture software

C. Quiz service

Quizzes may be used for a wide range of applications,
such as:

o short questions delivered to the students during the lec-
ture to increase attention and to help them to better
memorize the lecture,

e questions that help the lecturer to identify gaps in the
students’ knowledge,

e “live” exams with more challenging questions. The re-
sults will be taken into account for grading.

In all cases, the quizzes are prepared before the lecture
takes place. A quiz consists of the question itself, defi-
nitions for the automatic analysis of the answers, media
elements (typically pictures) and a grading value, i.e., the
highest possible amount of credits to be gained when an-
swering the entire quiz correctly. Anytime during the lec-
ture, the teacher may then activate a quiz. Each student
connected to the server when a quiz becomes activated re-
ceives the questions and is counted in the result statistics
(even if he/she does not answer). The lecturer can monitor
how many students have already answered and deactivate
the quiz manually at an appropriate time (the question will
disappear from the student’s display, and no more answers
will be accepted). Alternatively a timer can be set that au-
tomatically terminates a quiz round after a certain amount
of time.

The results can be accessed immediately after the quiz
has been deactivated. A window appears on the teacher’s
display showing the question together with the correct an-
swer and an appropriate graph giving an overview over the
answers received (Figure 2). This window can be shown to
the students if the lecturer intends to discuss the results.
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Fig. 2. The results of a quiz (from a course on multimedia technology)

Of course, only types of questions can be used that can
be analyzed by the computer automatically based on pro-
vided reference values. E.g., exercises, where the students
have to write an essay about a certain topic are nearly im-
possible to automatically analyze and rate without human
influence. But there still is a broad range of possible quiz
types, including:

o Multiple Choice quiz with one correct answer: this is per-
haps the most obvious type of question for automatic
analysis. Three or more possible answers are provided,
with only one of them being correct (Figure 3). If the
student picks a wrong answer or does not answer at all,
he gains zero points, otherwise he gains as many points as
the question is worth. The results are shown as a simple
bar graph.

A Multiple Choice quiz with a variable number of correct
answers is very similar, but may have a variable num-
ber of correct answers. The student has to select the
answers he/she thinks to be true; all other alternatives
must remain unchecked. The scoring is not obvious. We
decided to use a very strict policy: for each alternative
answer correctly checked or unchecked the student gains
points, for incorrect checkmarks he/she loses the same
number of points. So if half or more of the answers are
wrong, no points will be given. The results are shown
both as a bar graph (how many students have correctly
marked/not marked a specific answer) and as a line graph
(how many students gained how may points). This type
of quiz may also be used for “Which of the following
statements are true?”’-type of questions.
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Fig. 3. Two Examples of simple Multiple Choice quizzes

e The Fill-In statement is a type of quiz, where the ques-
tion itself is formulated as a statement with one word
missing. This word has to be provided by the student.
The student’s answer is matched with a set of provided
keywords that are considered correct (and score fully)
and optionally against a second set of “almost correct”
keywords that only give half of the points. A simple bar
graph displays the results: how many students entered a
correct, almost correct or wrong word.

An arithmetic problem has to be solved mathematically
and answered by entering a numerical value. Since the
student’s response is directly matched against the preset
correct, result, this is only useful for small, straightfor-
ward problems. To allow the automatic analysis of more
complex problems, several alternative results may be de-
fined and valued, which arise from small and predictable
mistakes. The final results are shown as a bar graph
with one bar for each alternative result and one for all
incorrect answers.

Process ordering quizzes present several steps of a cer-
tain process that are randomly shuffled. The student has
to sort these steps by entering their numbers in correct
order. Scoring is quite easy: the correct answer gives the
maximum amount of possible points, one error (switch-
ing two steps or putting one step in the wrong position)
gives half these points. The distribution of scores is again
displayed as bar graph.

For post-processing, detailed statistics are stored includ-
ing which student gave what answer, how much time did it
take for him or her to answer, as well as the student’s score.
These statistics may be used for the automatic generation
of ranking lists or to calculate part of a students grade. If
analyzed, they may even help to improve certain quizzes,
e.g., when the question has not been stated clearly.

IV. EVALUATION

In order to evaluate the concept of the Interactive Lec-
ture we developed a first prototype of the software. The
following decisions were taken:

« Server and clients were developed in Java. Thus it is very
easy to create a server, that instantly runs on the many
different environments used in lecture halls.

o We use PocketPCs as students’ devices because they are
much faster and more powerful than PalmOS PDAs. Fur-



thermore, sufficiently advanced Java virtual machines are
available for these handheld computers.

e The communication between clients and server takes
place via IEEE 802.11b wireless LAN.

One of the major problems with Java, of course, is its
low performance. In the earlier stages of the project this
lead to the question whether a server written completely
in Java would be capable to handle a sufficient amount of
concurrent connections. To investigate this, a small pro-
gram was developed that creates a variable number of bots
which send random commands to the server in order to
simulate the students’ actions. The largest test run so far
involved 210 bots, each simulating one students. The bots
were split in groups of 30 and run on 7 different machines.
Two computers were connected with wireless LAN, the rest
with fast Ethernet. The bots were configured to send ap-
proximately 4.5 commands per minute (much more than
a student would do) using the feedback service, and addi-
tionally disconnect and reconnect at random times. The
server application ran on an off-the-shelf notebook with an
1 GHz CPU, 256 MByte of RAM and Linux as the oper-
ating system. After 5 hours the test run finished with the
following results:

e All commands were processed without error.

o The response times (time between sending the request
and receiving the parsed response) varied between 200
and 700 ms with an average of 320 ms.

« Disconnects and reconnects were handled correctly.

Much more interesting though is a first evaluation that
took place in late January 2002. In this experiment we tried
to figure out whether the Interactive Lecture really im-
proves interactivity, heightens attentiveness and increases
motivation. Furthermore we investigated the effect on the
students’ learning success.

A. Setting

To be as significant as possible, the evaluation was inte-
grated into a real course (“multimedia technlogy” by pro-
fessor Effelsberg, University of Mannheim). Two chapters
(each covering one lecture) were prepared to utilize the
quiz service described above. Each of these chapters was
lectured twice, first as traditional lecture for comparison,
then in the form of an Interactive Lecture.

Participating students were split into two groups: each
group was to attend one chapter using interactive devices,
and the other chapter without. This lead to the examina-
tion schedule as shown in Table I. Thus we were able to
directly compare rating and learning success of traditional
lectures and the Interactive Lecture.

To obtain the values needed for comparison, each stu-
dent had to complete two questionnaires: One question-
naire at the beginning of the experiment asked for some
personal information and tested the already existing knowl-
edge with nine questions regarding the upcoming chapter

‘ Topic Operating Systems | Content Analysis
Quiz
service Yes No No Yes
utilized?
Student A B A B
group
Number
of partic- | ¢ 28 17 21
ipating
students

TABLE 1

EXAMINATION SCHEDULE FOR THE EVALUATION

of the course. The second questionnaire was handed out
at the end of the lecture. It again tested the knowledge by
posing the same nine questions in order to derive the rela-
tive knowledge gain. In Addition the students were asked
to rate several items regarding the lecture itself as well as
the quiz service if applicable.

B. Realization and Technical Results

Only a few introductory words were needed to help the
students start their clients, connect to the server and man-
age the quiz client interface. After a first simple test quiz
to ensure that server and clients were working properly, the
regular lecture started. The process so far (including the
troubleshooting of some minor technical problems) took
approximately 10 minutes.

During the lecture 9 questions were sent to the students
in three blocks of 2-4 questions. All these questions were
successfully transferred to the students and the students’
answers were stored error-free, which could be proved by
analyzing extensive log files on the server and client sides
after the event. After each block the teacher could bring up
the results simply by pressing a button on his user interface.

Even though only a small group of students participated
in this evaluation a wide range of platforms were used:
PocketPCs and notebook PCs running different Windows
systems as well as Linux. The server itself ran on a note-
book PC under Windows 98 that was connected by fast
Ethernet. All clients were served equally well with response
times well under 300 ms and no transmission errors at all.

C. Results

The evaluation provided four classes of results: first, the
students’ opinion of the lecture itself, both as a traditional,
unidirectional event and as an Interactive Lecture. Second,
the students’ rating of the quiz service. Third, statistics
characterizing the learning success of the students with and
without the utilization of the quiz client. Finally, we re-
ceived much approval, criticism and many new ideas during
a group discussion that took place immediately after the
evaluation with all participating students.



M SD
Item: p
Top. trad. I.L. trad. I.L.
I'm satisfied with my learning success | OS 2.00 2.80 0.71 0.41 <0.001
today CA 1.59 2.10 0.71 0.72 <0.037
The lecture today was interesting 08 1.32 2.60 0.85 0.51 <0.001
CA 1.35 2.50 0.70 0.69 <0.001
I had the impression that I was able 0S 0.97 2.27 0.76 1.03 <0.001
to participate actively in the lecture CA 0.71 210 0.77 0.97 <0.001
I was particular attentive during 0S 1.72 2.60 0.79 0.63 <0.001
today’s lecture CA 1.47 2.25 0.87 0.55 <0.002
I have learned more in this lecture 0S 1.24 2.33 0.72 0.90 <0.001
today than in other lectures CA| 1.00 1.95 0.92 0.89 <0.003
TABLE II

RATING OF THE LECTURE (SELECTED ITEMS)

In Figure 4 the students’ rating of the lecture is shown
(M stands for median and SD for standard deviation). The
score shown is the sum of 13 different items, which had to
be rated between 0 (does not apply) and 3 (fully applies),
so the maximum score that could be reached was 39. All
items were formulated in a way that a higher value was
better than a lower value. As one can see, regardless of the
lecture’s topic, the score of the Interactive Lecture is much
higher (>25%) than the score of the same lecture presented
in the traditional way. Since the calculated significance p
considering the increase of score between the two types of
lecture is below 0.001 (i.e., there is a chance of less than
0.1% that one is wrong when assuming the given hypothe-
sis), it is safe to say that the students as a whole considered
the quiz service as a very valuable addition to the lecture.

Score
404
35
30
25
20
15
10
5 —
0 -
Op.Systems C.Analysis
Legend: = w/o quiz i quiz
Topic | IL2® | M | SD
Operating no 24.60 4.43
Systems yes 33.27 5.71
Content no 22.18 6.14
Analysis yes 30.00 5.82

*) IL = Interactive Lecture

Fig. 4. Rating of the lecture with and without quiz service

A selection of some representative items can be found in
Table II. For every single item the scores of the Interactive
Lecture are higher than those of the traditional lecture.
Particularly interesting is the third item (active participa-
tion). The students obviously had the opinion that they
were much more actively involved in the Interactive Lec-
ture than they had been before.

Another section of the questionnaire was designed to ask
the students’ opinion about the quiz service itself. It was
composed of eight items, which again had to be rated be-
tween 0 and 3. Four selected items of this survey are shown
in Table ITI. The total score (considering the students of
both groups) was 19.94, which is a very remarkable result,
since the highest (and most positive) possible score was 24.
This very high rating was further supported by statements
in the group discussions afterwards: almost all students
considered the overall integration of the quiz service into
lectures to be extremely useful and desirable.

To investigate the effect of the quiz service on learning
success, we approximated the absolute knowledge gain by
asking nine question regarding the respective topic at the
beginning and the end of each lecture. These small tests
were rated and compared; the results are shown in Figure
5.

The very obvious result is that in either case the students
have indeed gained knowledge (with p <0.001). However,
it is far less evident whether they have learned more when
using the quiz service. Analyzing the statistical results, a
slight tendency that the learning success was indeed higher
in the Interactive Lecture may be accounted for, most no-
tably in the operating systems chapter. But this is not
significant with sufficient confidence.

This result may have been caused by several weaknesses
of the evaluation process. A major problem was the oper-
ationalization of the knowledge gain, which had been very
inaccurate due to the short period of time in which the eval-
uation took place. More questions covering a wider area of



| Ttem: | M | sp |
I’'m satisfied with my learning
success today using the quiz 2.19 0.82
service
The questions posed today
within the quiz service were 2.58 0.50
helpful for gaining knowledge
I think, that the quiz ser-
vice helped me to learn to- 2.58 0.69
day’s topics
I consider the integration of
the quiz service in today’s lec- 2.58 0.69
ture important
total score ‘ 19.94 ‘ ‘

TABLE III
RATING OF THE QUIZ SERVICE (SELECTED ITEMS)

content would certainly provide better and more significant
results. Furthermore only about 30 students participated
regularly, so our sample was very small. Last but not least,
the course in which the evaluation was carried out had the
problem that the students were already very happy with it
in its traditional form, so that the actual difference in the
rating/learning success of a traditional lecture versus the
Interactive Lecture was difficult to determine.

V. CONCLUSION AND OUTLOOK

We have presented a technical framework to greatly im-
prove interactivity for students in traditional lectures. This
is done by equipping the audience with small, unobtru-
sive devices, with which several interactive services, such as
hand raising, online-feedback and online-quiz, may be uti-
lized. Since this new type of bidirectional communication
is entirely based on electronic transmission, it is easily ex-
pandable for synchronous distance education. We focused
on using standard technology that creates as little mental
overhead as possible and is easy to integrate into existing
lecture halls without requiring any construction work.

We also presented the results of a first experimental try-
out. In late January 2002, we tested a prototype imple-
mentation of the quiz service with several students in a
real course for about two weeks. When using our tools, the
students were much more attentive and interested. They
regarded the service generally as useful and desirable.

In the future several more extensive evaluations in differ-
ent, courses are planned, most notably courses that do not
relate to computer science. In this way, we try to determine
the effect of the Interactive Lecture on students with differ-
ent study courses and varying experiences with computers
both in early and late stages of their studies. Additionally,
we will test further services in addition to the quiz and try
to find out which combination of services is best for what
type of lecture.

_Score

8
7_
6_
5_
4_
3_
2_
1_
trad./OS  LL./OS trad./CA LL./CA
Legend: EEH vefore B oo
Topic IL? * before after
M SD M (») SD
Operating no 3.06 1.22| 5.65 (+2.59) 1.81
Systems yes 2.27 1.16| 5.77 (+3.50) 1.16
Content no 2.88 1.50| 4.68 (+1.80) 2.00
Analysis yes 245 1.30| 4.55 (+2.10) 1.90

*) IL = Interactive Lecture

Fig. 5. Learning success with and without quiz service
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