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Abstract Mobile and wireless communication technologies are developing rapidly. 
These technologies could be used to support a pedagogical meaningful, place
and-time independent leaming process. At the Pori School of Technology and 
Economics, Finland, we have started a research and development project in 
wireless communication's capabilities in primaxy and early childhood 
education. In this paper we present a scenario for a problem-based learning in 
the wireless environment. The mobile devices may become a rnajor 
communication devices within all kinds of electronic communication and they 
might displace traditional computer networks in some areas of leaming. These 
technologies have to evaluate today in order to implement the next generation 
mobile eLeaming. 

1. INTRODUCTION 

One of the most rapidly developing areas in the field of technology is 
wireless communication (WCT) and especially mobile phone 
communication (MCT) (Räihä et al. 1999). The technological breakthroughs 
in this area, as weil as in information technology (IT), will give totally new 
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alternatives for school education, including primary and early childhood 
education. According to the National Strategy of the Finnish Ministry of 
Education (1995), it is the school's task to give for every boy and girl the 
necessary skills of information retrieval and knowledge acquisition needed 
in information. Thus, it is important to find out how the children use 
WCT/MCT and how they experience it (Laure! 1995, Downes 1995, 
Downes 1999). 

In Finland the children and young people have grown up into a culture of 
mobile communication; 70% out of the students in lower secondary schools, 
90% ofthose in upper secondary schools and 95% out ofthe university level 
students owns a mobile phone. Approximately the same number of the 
students at the different levels of education use their mobile phones daily 
both for taking care of their 'businesses' and for other communication with 
their friends (Ketamo and Multisilta 2001). With modern mobile 
communication technologies it is possible to support the studying and 
learning process. For instance, cutTent technology makes it possible to 
browse the examination calendar, to enter to an examination and to get the 
examination results by way of a simple W AP-based mobile phone. It's also 
possible to construct a simple W AP-based leaming game (Keiho, Lahti and 
Multisilta 2000). In addition to learning questionnaires basing on traditional 
pen and paper-method, also W AP-based learning questionnaires can be 
utilised. In order to implement a www-like open learning environment 
utilising mobile technology, radical improvements in performance are 
needed. Especially, the screen size, cpu-power and data transfer capacity set 
limitations for the use of current mobile devices as a technique of learning 
environments. The mobile learning environment may be based on the same 
general principles as the www-based learning environments. The carefully 
developed mobile learning environment can make the place-and-time
independent studying possible on contrary with the www-learning 
environments which are bound to physical network connections and to 
workstations located in certain classrooms. 

2. THE WIRELESS COMMUNICATION IN 
LEARNING-PROJECT 

At the Pori School of Technology and Economics and the Department of 
Teacher Education in Rauma, Finland, we have started a research and 
development project in wireless communication's capabilities in primary and 
early childhood education. The project is multi-scientific and in it WCT is 
studied from two points of view: 1) WCT as a subject in education, 2) WCT 
as a means of education. The starting points of the study are the following. 
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Wirelessness. No one can still exactly foresee the technological solutions 
of the mobile learning environments of the future. Like www-techniques, 
also WAP-techniques serve frames for the environments. However, the 
W AP-techniques are still quite undeveloped and they cannot yet be utilised 
as the techniques of a learning environment. Also, the costs of data transfer 
are still quite high. The disadvantages of wireless PC-techniques include the 
quite limited operational range and the fairly large size of the mobile 
computers. However, the costs of data transfer are minor and the 
performances of the devices can be adjusted to sufficient Ievel for the 
requirements of a learning environment. 

Teaching/instruction. A starting point for instruction is the use of 
wireless communication in situations where some additional value is to be 
achieved from it to the teaching. The technology is not used just for itself 
(technological imperative), but it is tried to be used to support problem
based and/or co-operative learning (Hakkarainen, Lonka and Lipponen 
1999). 

Communication is restricted to interpersonal communication; the man
machine communication is excluded in the context of learning. Thus, 
technology is regarded only as a tool with which a mobile learning 
environment applying to and effectively maintaining social knowledge 
construction (Bereiter and Scardamalia 1993) is made possible. 

3. REQUIREMENTS OF A GOOD LEARNING 
ENVIRONMENT 

On the basis of learning theories, the following properties are required 
from a good computer based learning environment: 1) The environment has 
to support the constructivist point of view on learning and thus it has to 
counsel the learner to active working. 2) The environment has to support 
social interaction in order to maintain co-operative or problem-based 
learning tasks. 3) Delivering information, tasks and objectives should be 
possible in the environment. 4) Arranging tests and examinations should be 
possible in the same environment. 5) The environment should support giving 
feedback. 6) There should be the possibility to extend the environment and 
openness of the environment. It should be able to bring other teaching 
materials, documents and tasks to the environment (Ruokamo and 
Pohjolainen 1998, McGee and Howard 1998, Hopper 1998, Multisilta 1999). 

In designing a learning environment especially the users' needs should be 
taken into account which often differ from the views of the programmer 
(Häkkinen 1996). A good user-interface is based on the users' images of the 
functions, and performs whole tasks at a time, and the user does not need to 
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be trained to use of the tool first. Also, the instructions for the users have to 
be planned and accomplished carefully as unclear instructions Iead attention 
away from the essentials. 

The purpose of the leaming environment in this paper is to emphasise 
Vygotsky's idea about children leaming from each other. A portable mobile 
learning environment makes possible many different forms of 
communication with which the children can discuss leaming problems or 
tasks even without seeing each other. The communication may be delivered 
for instance as traditional phone calls, image calls, literal text-messages, on
line chat boards or off-line message boards. Allthese forms can be carried 
out between two or more partners. It is also possible to arrange for each 
learner a personal working area where the others can send messages and the 
learner can respond to them in a way they prefer. In this way, it is possible to 
arrange the leamer a chance for asking for advice from a teacher without the 
other participants even knowing it. This kind of 'facelessness' has been 
reported to have enhanced university students' argumentation (Marttunen 
1997). The traditional teacher-centred instruction is also possible in the 
mobile leaming environment of this study, but it is assumed that the leaming 
will be self-directed to social inter-student knowledge construction. 

4. SCENARIO- A 5TH GRADE BIOLOGY 
EXERCISE 

Problem-based leaming is very suitable method to elementary school 
science lessons. Often, when complex exercises are done outside the 
classroom, teachers work becomes quite hard; the teacher must instruct and 
control every pupil. When pupils are around the schoolyard, it becomes 
almost impossible. Also, when doing out-of-class exercises, the need of 
instructions arises heavily. It is also common, that completed exercises don't 
reach the aims ofthe planned exercise because ofthe Iack ofthe instruction. 

This scenario focuses on 5th grade biology exercise, where pupils have to 
observe how different trees grow. According to their observations, they 
should draw illustrations on different growing styles and write short 
explanations to the illustrations. An exercise begins with short introduction 
in classroom. Bach pupil and the teacher get their mobile-pc and after that 
children spread around the schoolyard. 

The wireless network reach pupils, when they are in schoolyard ( circle
plots in Figure 1 ). If there is a connection between the server and the 
workstation, the teacher knows that pupil ( or at least the machine) is in the 
schoolyard. Pupils can individually walk around the schoolyard and same 
time stay socially connected as in the classroom. In fact, there are even more 
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versatile possibilities to communicate to each other than in normal 
classroom. When doing the exercise, pupil 1 faces difficulties. Normally, she 
must search the teacher, but in this case she just sends some kind of message 
to the teacher and the teacher answers in one way or another. In case the 
instructions were poor, the teacher can give information to all pupils or just 
answer individually. 

pupil 

1@1 

eccess point 

pupil 

f®l 

.~""''" 
pupll 

1@1 

Figure 1. WLAN and pupils in the schoolyard. 

A more common case, when pupil 2 want to ask advice from another 
pupil she can send some individual question and nobody eise need to know 
that. If pupil 2 wants to ask a common question, she can do that also by 
sending message or by using videoconference to all. When time is up, the 
teacher can inform everyone by any kind of messages, or even by closing the 
pupil's workspace. 

In this scenario the wireless network is build by using WLAN 
technology. WLAN is based on access points, which transports the signal 
between the Iaptops. There must also be a WLAN pc-card in the Iaptop. If 
the WLAN is planned to be just an intranet, the server can be one of the 
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Iaptops. If connection to the intemet is needed, server or access point must 
have a cable connection to the intemet. Nowadays a maximum WLAN range 
between access point and workstation is approximately 300 meters in the 
open air; in this scenario the range is thought to be smaller because of 
different blocks in the schoolyard. The total area of seenarios WLAN is 
reached by using several access points, which reach each other. 

In the future, when fast mobile solutions (GPRS/UMTS) are in use, 
building this kind of network becomes redundant. With those solutions the 
access points are not needed and specific servers can be replaced by one 
server, which haudies all communication. Also, there would be no 
limitations in network range. With GPS tracing-systems in future mobile 
networks, teacher could control the position of pupil quite correctly without 
seeing the pupil. 

In this scenario, leaming is seen as a result of social interaction. 
Technology is seen as a tool for making more versatile communication 
possibilities and different leaming opportunities for different leamers. When 
leaming opportunities becomes more versatile, there is more space for 
different leaming styles, and that way the technology might be a good 
motivation element for leamers. Technology is also seen as teacher's 
assistant, which allows teacher to focus on guiding pupils instead of routine 
work, like controlling pupils. 

5. DISCUSSION 

Communication technology is rapidly developing and some day the new 
products with new powerful preferences will be in common use. It is quite 
possible that intemet services (www, email, news etc.) will become available 
to mobile devices in a few years, and for taking a full advantage from the 
new solutions, we should study the possibilities of those applications 
beforehand. In these studies we should focus on the content of the use, not to 
the usage of the technology. When there is a need to leam the usage of the 
technology, pupils will manage it easily. On the other band, using (and 
leaming to use) the mobile devices, pupils and students prefer to ask help 
from their friends than using any other sources (Ketamo and Multisilta 
2001). Accordingly, the teaching of the usage of device could be quite 
unnecessary, in fact the device should be implemented so that anyone can 
easily recognise its usage. 

The new mobile technology might displace traditional computer 
networks in some areas of leaming support. Mobile devices might, for 
example, become a major communication devices within all kinds of 
electronic communication. The role of the computer might become exactly a 
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Workstation in the meaning of work, not meaning the overall-environment. 
After all the pc-technology is not disappearing, because of its power in 
certain areas of leaming, but its supremacy in the field of leaming 
environments is certainly over. 
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