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Introduction

This paper describes the testing of the mobile learning solutions developed by NKI as part of the EU Leonardo Project “Mobile learning: The next generation of learning”.  

Test group

Ideally, we would have preferred to test the functionality of the m-learning devices (PDA and mobile phone) and content and communication with real distance students in the ordinary NKI Internet College system. As our main aim in this project was to look into possibilities of equipment and communication (wireless LAN) that presently is not available to a sufficient number of students, we chose to test the “always-online” m-learning solutions in a laboratory setting simulating a distance learning setting. In principle, when not online, the students may communicate via Bluetooth and mobile phone.

The test group consisted of 18 employees of NKI. The members of the test group had all volunteered to participate in the trial.  They were all registered as students in the test course three weeks before the testing started. Consequently, they had the opportunity to get acquainted with the course on their PC before testing, reading the materials, trying the interactive materials, listening to sound materials and watching video materials before the test on m-learning equipment and solutions started. Largely this is much in line with the assumptions underlying our m-learning developments; i.e. that the students normally study the course from printed materials and their desktop/laptop PC and apply PDA/mobile phone when on the move.

Another advantage with this composition of the test group was that they all had experience with distance education from different positions, insight in distance education pedagogy, problems and challenges.

Table 1 describes the test group according to their own responses on the questionnaire.

Table 1. Questionnaire section 1. Personal background

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	N

	1. Occupation
	Manager
	Employee Non-Technical
	Employee

Technical
	Teacher/

trainer
	
	

	
	3
	17
	8
	44
	4
	22
	3
	17
	
	
	18

	2. Age grouping
	>24 years
	25-29 years
	30-40 years
	41-50 years
	> 50 years
	

	
	-
	-
	-
	-
	6
	33
	2
	11
	10
	56
	18

	3. Gender
	Male
	Female
	
	
	
	

	
	7
	39
	11
	61
	
	
	
	
	
	
	18

	4. Level of education
	High school
	1-3 years post secondary
	4 or more post secondary
	
	
	

	
	1
	6
	8
	44
	9
	50
	
	
	
	
	18

	5.Mobile device ownership
	Mobile phone
	PDA
	Both 
	
	
	

	
	13
	72
	-
	-
	5
	28
	
	
	
	
	18

	10. Where did you study?
	At home
	At work
	Both home/w
	On travel
	
	

	
	-
	-
	18
	100
	
	
	
	
	
	
	18


No member of the test group had in any way been involved in any developments related to the m-learning project. The 3 managers were the personnel director of the NKI group, the director of NKI distance Education, and the director of the Learning Materials Development Department. The non-technical employees were secretaries (2), student advisors (2), editors (2) a salesman and one representative from the marketing department. The technical employees were 2 consultants from the central IT department, one IT consultant and one IT technical assistant from NKI Distance Education.

The group is older than the average distance education student, over 50 percent being over 50 years. The group also have a higher level of education than the average NKI distance education student.

Concerning mobile device ownership, all test persons, naturally, owned a mobile phone, while only 5 also owned a PDA. Of the 5 test persons who had their own PDA, two had actually stopped using it (because of battery problems) some time ago, and one had newly got a PDA and consequently was not an experienced user.

Concerning our assumptions for the m-learning developments, which is that m-learning functionalities is an additional offer to online distance students who are users of mobile devices and thus may apply this type of equipment when on the move, the test students were at a disadvantage, as most of them needed an introduction to the use of the devices as part of the test. However, this did not turn out to be a problem. Most participants found the equipment quite easy to use (See table 2). 

Test situation – context

The test was carried out under a sort of laboratory situation. The test was administered by two of the researchers on the project. One functioned also as tutor during the tests including correction and feedback on test assignments for submission and discussion in the course forum with students. The assistant researcher functioned as observer and guided the test group in using the devices when necessary during the test. Both students and teachers were placed in the same room. This made it possible to observe and register problems and opinions during the trials.

Three students took part at a time in each of six trials. In total 18 test persons completed the trials during the first week of April 2005. Each trial took from one and a half to three hours.

The test was carried out in an “always-online environment” with HP iPAQ h5550 PDAs with built in wireless LAN connected with the NKI Internet College Server. One test person used her newly acquired Qtec 9090 Smart Phone. The iPAQs functions well with Bluetooth and mobile phone connection, while the Qtec has a built-in mobile phone. Phone connection with the server was not included in the tests. This functionality was tested in our previous m-learning project (Rekkedal 2002a, 2002b).

During the trial, the researchers observed the test persons, and viewpoints were registered. Further, the test included submission of assignments and messages to the forum were they could give their opinions on different aspects, such as reading text, viewing graphical materials, navigating in the course etc. Immediately after completion of the trials, the test persons filled in a questionnaire (where part one was identical for students tested by the other partners in the project, and part two contained questions on the specific aspects of the NKI part of the project). The complete questionnaire is presented in Appendix 1.

Test procedures

The test procedures are described below:

Introduction to the PDA and use of equipment

As the majority of the test persons were not users of  a PDA, we started the test by describing the hypothetical real situation lying behind the developments and how to use the PDA.

Logging in and navigation on the NKI Internet College personal page

The students were asked to log into their pages on the Internet College and to navigate and examine their personal page as it is presented on the PDA. 

Navigating in the course

After having been acquainted with the personal start page, the students had the opportunity to navigate around in the course.

Reading study unit 1

The students read the text of study Unit 1.

Submissions of Study Unit 1: “What is your opinion of reading course texts on the PDA?” Instead of answering the ordinary assignment for submission, the students wrote an answer to the above question. Submission 1 involved using Pocket word for writing the answer, storing the word document, opening e-mail programme, attaching document, sending and receiving e-mails. During the test the students received feedback from the tutor with comments.

Examining multi media (ordinary multi media in the course)

The following standard multi media elements in the course were examined: 

· Sound

· Video

· Multimedia

· Multiple-choice questions

· Drag and drop exercises

In addition the test course included some multi media elements specifically developed for mobile learning:

· Sound

· Multimedia

· Multiple-choice questions 

· Speaking course pages

· Drag and drop exercises

· Graphics

· Animations with and without sound

· Multiple-choice questions

· Drag and drop exercises

· Synthetic speech

Reading in course Forum

The functionality of reading in the course forum and writing messages to the forum was also tried out. The first message was written by the tutor. The test students received messages by e-mail onto the PDA and also read the same messages on the course pages. 

Writing messages to the Forum

Writing messages to the forum may be done either by writing in Pocket Word and paste into the Forum text box, or by writing directly into the text box. The latter solution was applied in the tests.

The question to discuss in the forum was: “What is your opinion of navigating and finding your way in the course?”

An overview of answers given both on the assignment (reading) and to the forum (on orientation and navigation) is presented later in this paper.

More about navigation in the course

The students also examined the course functionality through reading presentations of other students and writing e-mails to fellow students, sending and receiving mails. Some of the groups wrote e-mail to their fellow students on the theme: “Opinions on the experience of multi media on the PDA”
Synchronous communication

Although NKI in general puts little emphasis on synchronous communication, as this project concerned a theoretical always-online environment, we took the opportunity to try some synchronous solutions such as chatting by MSN messenger and Skype. Skype is primarily an IP telephony service, which was also tested in the trials. Thus, they also had the opportunity of communicating orally with fellow students using the PDA and Internet telephony with Skype. 

Results

The first part of the questionnaire after the personal background questions concerned user-friendliness. The answers are presented in table 2.

User friendliness

Table 2. Questionnaire section 2. Student user friendliness

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	Equipment easy to use
	4
	22
	13
	72
	1
	6
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	The mobile learning exp. was fun
	10
	56
	6
	33
	2
	11
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	I could take another m-learning course
	1
	6
	8
	44
	7
	39
	1
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	I would recommend m-learning
	3
	17
	11
	61
	2
	11
	1
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	


Compared with the first trial of the first project (Rekkedal 2002a, 2002b) our test students this time seem to be more positive on user friendliness of the equipment and solutions measured by the four variables presented in table 2. 

Nearly all the test persons found the equipment easy to use and also found that the experience was “fun”. Concerning the questions about whether they would like to take another m-learning course or recommend m-learning to others, the answers are, not surprisingly, somewhat more reserved, as their experiences from the test situation probably is a little restricted to enable them to answer these questions.

Didactic efficiency

Concerning efficiency for learning, it is important to consider mobile learning at NKI Internet College, as one part of a complete online distance learning environment. These assumptions were clearly presented and discussed with the test persons, who before the test took part in a two-hour seminar on the background for the project and didactic assumptions underlying the developments.

Table 3. Questionnaire section 3. Didactic efficiency

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	11. M-learning increases quality
	5
	28
	4
	22
	7
	39
	2
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	12. Learning obj. can be met by m-l.
	2
	11
	11
	61
	4
	22
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	13. Access. course content was easy
	3
	17
	15
	83
	-
	-
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	14. Communication w. tutor was easy
	7
	39
	9
	50
	2
	11
	-
	-
	-
	-
	18

	15. M-l conven. for  comm. w. students
	7
	39
	8
	44
	2
	11
	1
	6
	-
	-
	18


Again, it is clear that the students in this project were more positive that the students of the previous project. This may be related to differences both in context (the present students studied in a laboratory setting with continuous supervision and support if having difficulties, while the students in the first project studied under more realistic conditions. Question 13 was a little different on the two occasions (first project: “Downloading course content”, this project: “Accessing course content”).

In general, we may conclude that after the m-learning experience, taken the assumed context of m-learning as a supplement to the distance online learning environment, the students believe that “m-learning increases quality, that objectives can be met by m-learning, that accessing course content and communication with the tutor was easy, and that m-learning is convenient for communication with other students.”

Technical feasibility

Table 4. Questionnaire Section 4. Technical feasibility

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	16. Navigation was easy
	3
	17
	14
	78
	1
	6
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	17. Graphics and illustr. necessary
	2
	11
	5
	28
	8
	44
	3
	17
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	18. Eval. and quest. was effective
	1
	6
	9
	50
	7
	39
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	


Most of the students found navigation easy. This aspect was also answered during the test as an assignment for trying the use of keyboard, applying pocket Word, storing files, sending and receiving e-mails with attachments from the PDA. Some of the viewpoints are presented below:

Comments on orientating oneself, navigating and finding the way in course materials on the PDA:

- Basically, it was easy to orientate in the course materials, some guidance and some time helps, and you are really working without difficulties.

- The challenge was to get to know the PDA. Changing between the different programmes was unusual, however, it did not take long to learn the most important functions. Navigating in the course I found easy. The action bars for the course/course pages were so dominating that it was impossible to ignore them. All in all – quite easy to use and find your way.

- I think this functioned very well.

- It was it fact very easy to orientate oneself and navigate in the course – as it was easy to recognize action bars from the PC.

- It was much more easy to find your way than I had actually expected.

- I found it very easy to get oriented on the course pages. The texts are surprisingly good to read on such a small screen. However, it is a great advantage when it is not a lot of text to read at a time. I found it easy to navigate, to find and use action bars and to change between pages etc.

- I found navigating not much more difficult than on a PC, but it is obviously an advantage to have used the course materials on a PC before using the PDA.

- I found navigating very easy, simple and easy to follow.

- I found it a little difficult at first, but with some experience I believe it will become very easy to navigate and find your way. 

- Navigation was very easy. 

- Navigation was easy, but a little bothersome.

- No problems.

- Navigating and writing were no problem, but waiting for pages to load took a little too long (QTEK).

- It took some time before I felt easy with the use of the PDA, but it was exciting.

- It works well, but downloading pages takes a little time. As I am not an experienced PDA user some actions take some time, in spite of this I find the PDA very easy to use.

As we can read from the comments above, the students in general expressed that it was easy to navigate and find one’s way in the course. Naturally, as the majority of the students did not have previous experience with the equipment, they were in a less favourable position that the assumed m-learning student, who is supposed to be a daily user of the devices. There is some indication that navigating and using the equipment is more efficient and functional than with standard PC equipment.

Although, the test was carried out with only 18 students, it became evident that test persons with a technical background were less tolerant towards the lower functionality of PDA compared with a PC. This also coloured the opinions of the technical persons on most aspects of m-learning covered by the questionnaire. This fact might be seen as surprising, that persons with technical training and experience are less positive to the new technology. However, this situation was similar in our previous research (Rekkedal 2002a, 2002b). That persons with a technical background were less enthusiastic, could also indicate that the generally quite positive opinions expressed by the other test persons, partly could be related to the experience of trying new and exciting technology. However, we find that there is reason to believe that with the m-learning devices, hardware and software is developing quickly, and that the functionality increases rapidly and hopefully will also satisfy expectations of the more demanding technologists.  

The test persons did not agree whether graphics and illustrations are necessary. More that half of the students were uncertain or actually disagreed with the statement that “graphics and illustrations are necessary for m-learning to be effective”. This opinion can partly be a result of the assumed context that the students would also have the possibility to study learning materials on standard equipment, and also to the fact that most of NKI learning programmes are quite theoretical and based on the study of text materials. 

A majority agreed that evaluation and questioning was effective. But again some were uncertain or even negative. This is probably related to the fact that in the trial, some of the test and questioning materials were distributed with graphical materials, which still is far from perfectly presented on the PDA.

Cost effectiveness

The questionnaire section on cost effectiveness covered access to education and training, cost of accessing course materials and cost of communicating with tutor and other students. Questions concerning costs are not of specific interest, as the assumption to the context of m-learning is an “always-online” environment with free and unrestricted access to the Internet. The previous project demonstrated also that having downloaded course content; the cost of communication was absolutely acceptable even by mobile phone from abroad. 

Table 5. Questionnaire Section 5. Cost effectiveness

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	19. M-learning increases access
	5
	28
	7
	39
	5
	28
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	20. Cost of access. course content was acceptable
	4
	24
	3
	18
	8
	48
	2
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	21. Cost of comm. was acceptable
	5
	29
	4
	24
	6
	35
	2
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	


Most of the participants agree that m-learning increases access to learning. On the negative side is, of course, that access to technology is still lacking. The market for PDAs has not yet taken off. The opinions concerning costs should be given on the assumptions that there would be free access to the Internet. Many answered just “uncertain” as they did not know much about the real situation in practice. Those, mainly technologists, who responded negatively on costs, just did not feel certain that the assumed situation would come into being in a foreseeable future.

Opinions on functionalities specifically used in the NKI m-learning project

The NKI research covered specifically functionalities related to the “always-online environment” and the use of graphics and multi-media as well as interactive assignments based on graphics and sound. Part 2 of the questionnaire, thus contained questions on the specific developments of the NKI research.

Synchronous communication

The general teaching and learning philosophy for NKI online distance education is based on andragogy and distance education research, such as Moore’s “theory of student autonomy and transactional distance” (Moore 1991, 1993), Holmberg’s theory of “didactical conversation” (or “teaching-learning conversation”) (Holmberg 2001) and emphasis on maximum (or at least optimum) flexibility (see e.g. Paulsen 2003, Paulsen & Rekkedal 2003, Rekkedal 2004). The learning philosophy is presented as:

“NKI distance education shall arrange studies in a way so that the students can reach their learning goals through optimum individual flexibility in a community of learning where all students should be a resource for each other’s learning without being dependent on each other” (The authors’ translation) (NKI 2005).

The consequences of the learning philosophy is that NKI organises the studies so that any student can enrol for any course or programme 365 days a year and follow their own progression scheme. At the same time the learning management system and functionalities are built up to stimulate interaction and communication between the students. All organised activities are based on the assumptions that communication is asynchronous. These solutions do not restrict synchronous communication between students on their own initiatives or sporadic synchronous communication, e.g. telephone conversation or chat between a student and a tutor. But all formally organised activities take place by asynchronous communication. (It should be noted that many NKI programmes are also offered as combined (or “blended”) learning with regular classes or week-end seminars. But these programmes have not been the objects of the research in the m-learning projects.)

However, on the assumption of m-learning taking place in an always-online environment, we were also interested in trying out the functionality of synchronous communication.

Chat

Table 6. Questionnaire Part 2. Previous experience with chat.

	
	Yes, a lot
	Yes, some
	No, not at all
	N

	
	n
	%
	n
	%
	n
	%
	

	22. Previous experiences with chat
	2
	11
	7
	39
	9
	50
	18

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Half of the test persons were new to chatting before the trial. Consequently, it must have been difficult comparing the chat function on the PDA and on a PC. This is also shown by 5 persons not answering the question on comparing the user-friendliness of the chat function on the PDA relative to a PC:

Table 7. Questionnaire Part 2. User-friendliness of chat function on PDA.

	
	Better than on PC
	Same as PC
	Worse than on PC
	N

	
	n
	%
	n
	%
	n
	%
	

	23. User-friendliness of the chat function
	2
	15
	8
	62
	3
	23
	13

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


No answer: 5

Generally it seems that the test persons assume that according to their experiences in the m-learning test, the chat function is similar in functionality with chatting on an ordinary PC. Most of the participants with some experience of chatting find the two media similar in functionality.

Table 8. Questionnaire Part 2. Chat in mobile learning can be very useful.

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	24. Chat in m-learning can be very useful
	3
	17
	11
	61
	3
	17
	1
	6
	-
	-
	18


Most of the students answered that they believed that the chat function could be useful in m-learning. There is one response on the negative side. It should be noted that the participants in general had little experience with chat. It is probable that the one who answered negatively would hold the position that chatting is not very useful in any online distance course.

IP telephony

The Skype communication program with functionalities both for chatting and telephone communication was installed on all the PDAs used during the tests. All test persons, except the one using the Qtec did try IP telephony as part of the trials. 

Table 9. Questionnaire Part 2. IP telephony functions very well on the PDA

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	26. IP telephony functions very well
	6
	35
	9
	53
	1
	6
	1
	6
	-
	-
	17


No answer: 1 (test person with Qtec, Skype not installed)

The test persons generally expressed that they were impressed by the quality of IP telephony on the PDAs.

Table 10. Questionnaire Part 2. IP telephony in mobile learning can be very useful.

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	27. IP telephony in m-learning can be very useful
	5
	29
	7
	41
	4
	24
	1
	6
	-
	-
	17


No answer: 1 (test person with Qtec, Skype not installed)

Most of the students also agreed with the statement that IP telephony could be very useful in mobile learning. Again, the person disagreeing probably holds the position that synchronous communication generally is not useful in distance learning mainly based on asynchronous communication.
Asynchronous communication

e-mail

Table 11. Questionnaire Part 2. Communication by e-mail. 

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	28. Comm. with tutor functioned well
	9
	50
	8
	44
	1
	6
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	29. Comm. with other students functioned well
	8
	44
	8
	44
	2
	11
	-
	-
	-
	-
	18


Table 11 clearly shows that according to the students communication by e-mail functioned well on the PDA. It should also be noted that there is no difference in communicating with the tutor or fellow students, except that when communicating by mail to students they might wish to send the same e-mail to a number of persons, which may involve some more difficult operations on the PDA. 

Discussion forum and assignments for submission

For writing messages to the forum, the students had to open the text box on the Forum pages of NKI Internet College and write their messages. All agreed that a portable keyboard is a need for writing more than very short messages. If not online, a student will normally write the forum messages in a text processor and paste it into the text box on the forum pages. During the test all messages to forum was written directly into the text box.

When submitting assignments to the tutor, the students had to use the Pocket Word programme, store and retrieve files and attach files to e-mails sending and receiving mails. For students inexperienced with the use of a PDA, these operations may seem a little complicated. All these activities seemed to have functioned satisfactorily for most of the students.

Table 12. Questionnaire Part 2. Discussion forum and assignments. 

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	30. Wring to the forum functioned well
	9
	50
	8
	44
	1
	6
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	31. Answering assignments functioned well
	4
	22
	10
	56
	2
	11
	2
	11
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	32. Sending assignments to the tutor functioned well
	5
	28
	9
	50
	3
	17
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	


All these three aspects seem to have functioned well. There are few responses on the negative side. Again, it is typical that the technologists are the most sceptical, finding that the necessary operations for doing the work are too bothersome and less functional than on a PC. Correct or not, they argue that better functionality is necessary for mobile learning, in the assumed context, to take off in the market. 

Courseware

Text

Table 13. Questionnaire Part 2. Accessing and reading text and making notes. 

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	33. Access. and reading text functioned well
	4
	6
	12
	67
	2
	11
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	34. Making notes functioned well
	1
	6
	11
	65
	2
	12
	3
	18
	-
	-
	17*

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


*No answer:1

The students were generally very positive towards reading text on the PDA. It should be noted that on the course pages of the NKI Internet College there is a bug (collision of style sheets) that results in some text being presented in size 12 and some in size 11.5. On an ordinary PC screen this difference is hardly detectable. But on the PDA screen the difference in text size is considerable. This problem did cause some annoyance demonstrated in the comments below (which was an answer to a question used in the trial for sending as an assignment to the tutor). From the answers in table 11 we would conclude that the students accepted the quality of the text for reading on the PDA.

Open answers to the functionality of reading texts:

- It was easy to read. I find it better to read the text on the PDA screen than on an ordinary PC screen.

- I find it quite easy to read short texts with the larger text size. Smaller texts make it important not to receive reflexes on the screen to be able to read easily. It is important with clear breaks in texts and not to apply negative texts, for example white text on blue background (as in some of the graphical materials).

- Reading ordinary text was easy. Navigation was easy. When watching the graphical materials it was difficult to orientate oneself with increased illustration in the interactive assignments. Small text sizes were difficult to read. Negative texts were impossible to read.

- Reading on the PDA I found reasonably fine and easy as long as the text size is sufficiently large. With sufficient and uniform text size reading is no problem at all.
- Reading on the PDA screen is much better than one should believe based on the small size. However the smallest text size was for me too small.

- The texts are absolutely readable. Sounds are good. It is a little awkward to scroll while reading. It might be tiresome over time, but the increased flexibility is important.

- I found reading on the PDA surprisingly fine – very clear. The experience with the multi-media materials illustrates that the light texts on dark background do not function well.

- Reading the texts was surprisingly easy.

- I found it very easy to read and got good overviews of the materials – as long as there is not too much text at a time.

- Most of the texts were easy to read, but some texts were too small.

- The texts were easy to read, but took some more time than on the PC. The scrolling might be a little confusing, but this is probably just a question of experience.

Concerning note taking, the students just assumed that using the Pocket PC Word processor and the portable key board making notes while reading would function well. Again, it was typical that the 3 persons answering on the negative side on the functionality of making notes on the PDA are all technologists.

Multi-media on the PDA

During the test the students had the opportunity to try the functionality of different kinds of multi-media. Sound was presented as human voice in some of the multi-media assignments, in instructional sequences with sound and moving graphics, and sound was also demonstrated by synthetic voice. One part of an instructional sequence on video clip was also included. Concerning video, the PDA with present software did not handle video very efficiently. To watch the video the student first had to download the complete video in the browser, and then copy the URL into the PDA media player, and then play the video in streaming mode from the media player.

Multi-media materials consisted both of instructional sequences with sound (voice) and moving graphics and exercises/assignments produced in Macromedia flash. These multi-media materials were of two kinds, multi-media produced specifically for presentation on PDA and standard multi-media produced originally without any relation to m-learning devices. It seems clear that the PDA screen is far from ideal for perceiving graphical illustrations with small details and more than a few words of text. If one turns off the “fit to screen” setting, the graphical materials become easier to read, but then one has to scroll both horizontally and vertically to see the whole illustration. Neither solution is generally satisfactory. In this connection, we should probably refer to the assumed context that the students also have access to an ordinary PC when not on the move, and that presently the solutions for watching graphical materials with small details are not suited for presentation on the PDA.  

Table 14. Questionnaire Part 2. Multi-media on the PDA. 

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	35. Accessing and listening to sound functioned well
	3
	18
	14
	82
	-
	-
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	36. Accessing and watching video functioned well
	1
	6
	6
	38
	5
	31
	4
	25
	-
	-
	16*

	
	
	
	
	
	
	
	
	
	
	
	

	37. Accessing and perceiving graphical materials functioned well
	2
	12
	6
	35
	5
	29
	4
	24
	-
	-
	17**

	
	
	
	
	
	
	
	
	
	
	
	

	38. Act./assignm. involving manipulation of graph. materials functioned well
	-
	-
	3
	19
	10
	63
	4
	19
	-
	-
	16*


* no answer: 2, ** No answer: 1

Table 14 shows that the students were generally positive concerning the quality to both human and synthetic sound on the PDA – all responding on the positive side of the scale. The opinions differ more concerning the functionality of the video. However, it seemed clear that the uncertain and negative responses concerning video were more related to the bothersome way of playing the video (that it did not play directly from clicking the link in the browser) rather that to the quality of the video itself. In fact, the students found the quality of the streamed video quite good.

The answers concerning the graphical materials support the impressions that presently graphical materials do not function satisfactorily on the PDA.

Overall views on the “always-online environment”

The final questions concerned some overall views on m-learning in this trial defined as an always-online” environment. Concerning the first question, “views on the always-online mobile environment compared with PC access and applications in studying this course” turned out to be ambiguous. The students obviously did not understand whether the mobile learning environment should be assessed as such compared with only PC access, or seen as an addition. It is probable that those answering negatively have seen the m-learning environment in isolation, while those answering positively have understood the question as covering the m-learning environment only.

Table 15. Questionnaire Part 2. The “always-online” environment. 

	
	Much better
	Better
	Uncertain
	Worse
	Much worse
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	39. Always-online compared with PC access and applications
	-
	-
	3
	17
	7
	39
	5
	28
	3
	17
	18

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Table 16. Questionnaire Part 2. Acceptable with mobile access only. 

	
	Absolutely
	Probably
	Uncertain
	Probably not
	Absolutely not
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	40.Accept. to study the course with mobile access only
	1
	6
	2
	11
	2
	11
	8
	44
	5
	28
	18


We can clearly conclude, that although the majority of the students have responded quite positively to most of the questions concerning the m-learning environment, they do not find the solutions satisfactory for mobile access only. This is in line with our assumptions that m-learning in the NKI college is seen as an addition to increase access and flexibility of learning. This view is supported by the answers to the final questions.

Table 17. Questionnaire Part 2. Always-online and flexibility and course quality 

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly disagree
	N

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	

	41. Always-online mobile access increases flexibility
	3
	33
	11
	56
	2
	11
	-
	-
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	42. Increased accessibility and flexibility increase quality of course arrangements
	1
	6
	11
	61
	5
	28
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	

	43. Increased accessibility and flexibility increase quality of learning outcomes
	1
	6
	5
	28
	11
	61
	1
	6
	-
	-
	18

	
	
	
	
	
	
	
	
	
	
	
	


A large majority of the students agree to the statement that “always-online mobile access to the course as an addition to access on standard PC equipment increases the flexibility of e-learning”. There are no answers on the negative side of the scale. 2 students answer “uncertain”. These two respondents are again two of the technologists taking the course in the trial. Their “uncertain” response probably signals that they found the solutions not efficient enough to make use of the possibilities in practice.

We may also note that a majority also find that the m-learning solutions “increase the overall quality of the course arrangements”. Concerning “quality of learning outcomes” the answers show that, probably because the trial was carried out under simulated learning conditions, a majority find that it is difficult to answer the question.

Additional comments on the questionnaire:

The questionnaire ended with space for open answers and general comments and comments on functionality and user-friendliness. The following comments were received:

- Very feasible as additional equipment.

- It was just as fun as expected and much easier than assumed.

- I certainly believe that these solutions would strengthen distance learning methodologically. It increases flexibility and the possibility of exploiting “all” free hours for study when you have access to the Internet.

- It was easy to navigate and to use the menus. It was just fine to read texts, but illustrations were a little too small. Very practical when you don’t want to bring a lot of books and read a course that contains texts/information/illustrations. Not all courses are perhaps suitable. I would not have the energy to read a lot of text at a time, but very suitable for repetitions etc. Very funny, clear and easy to use, fine as supplement.

- Course materials are not good on a PDA – readable, OK, but paper is best and PC is second. As I understand on the condition that mobile devices and solutions are supplements, this is necessary. The great advantage is increased flexibility related to cooperation, Forum discussions, e-mail and chat. Concerning multi-media, not good. Much of it becomes too small and transmission speed is important. Good multi-media elements are nevertheless very valuable.

- As a student I use books and other study materials. Personally, I find that it is more convenient to use a PDA than ordinary PC with keyboard. This gives more space on the table and better overview. Concerning taking a test or answering assignments for submission, I would prefer an ordinary PC with keyboard. Else I would say that I found reading course materials on the PDA were very convenient. Normally I print out pages to read. With a PDA I believe I would prefer to read more from the screen. 

- The texts on graphical materials was difficult to read when the background was darker that the text. Normal reading with light background was surprisingly easy to read.

The comments illustrates to some extent information given by ticking the questionnaire and during the trials. The mobile devices are seen as feasible additional equipment (in line with our assumptions for the developments). Some comments indicate differences in views on how attractive reading on the PDA screen really is. The comments also indicate that the m-learning solutions are suitable for reading, for communicating when on the move and for repetition of materials studied on ordinary equipment.

Summary and conclusions

This paper has described and discussed the functionality of an “always-online m-learning environment” including the quality of multi-media elements, text and communication via PDA with WLAN connection. The development of solutions was part of the EU Leonardo Project “Mobile learning: The next generation of learning”.

The assumptions of the NKI project are that the use of mobile learning devices is an addition to course access on ordinary PC equipment. The assumption was also that ideally the developments are mainly done on the server side to find solutions that make it possible to deliver all NKI online distance learning courses so that they can be studied with satisfactory quality on mobile devices by students on the move, and also so that other students not applying mobile solutions can participate in the same courses.

The trials were carried out as “laboratory tests” with mobile learning devices. The students were NKI employees all registered in the course “Sales and services”. We carried out 6 trials with an average of 3 students in each trial.

The test covered all aspects of an “always-online m-learning environment”:

· Logging in and navigation on the NKI Internet College personal page

· Navigating in the course

· Reading

· Submissions of assignments

· Multi-media (ordinary multi-media and multi-media specifically developed for m-learning) 

· Reading in course Forum

· Writing messages to the Forum

· Synchronous communication (IP telephony and two versions of chat)

Concerning student user-friendliness of mobile learning in the context examined, nearly all the test persons found the equipment easy to use and also found that the experience was “fun”. Concerning the questions about whether they would like to take another m-learning course or recommend m-learning to others, the answers are, not surprisingly, somewhat more reserved, as their experiences from the test situation probably is a little restricted to enable them to answer these questions firmly.

When it comes to didactic efficiency, we may conclude that after the m-learning experience, taken the assumed context of m-learning as a supplement to the distance online learning environment, the students believe that “m-learning increases quality, that objectives can be met by m-learning, that accessing course content and communication with the tutor was easy, and that m-learning is convenient for communication with other students.”

Most of the students found navigation easy. The test persons did not agree whether graphics and illustrations are necessary. More that half of the students was uncertain or actually disagreed with the statement that “graphics and illustrations are necessary for m-learning to be effective”. This opinion can partly be a result of the assumed context that the students would also have the possibility to study learning materials on standard equipment, and also to the fact that most of NKI learning programmes are quite theoretical and based on the study of text materials. 

A majority agreed that evaluation and questioning was effective. But again some were uncertain or even negative. This is probably related to the fact that in the trial, some of the test and questioning materials were distributed with graphical materials, which still is far from perfectly presented on the PDA.

Most of the participants agree that m-learning increases access to learning. On the negative side is, of course, that access to technology is still lacking. We have previously shown that communication costs, even when communicating by mobile phone were acceptable. In these trials, we assumed that the learning could take place in an always-online environment with free access.

The students tried synchronous communication both by chat and IP telephony. Generally, it seemed that the test persons assume, that according to their experiences in the m-learning test, the chat function is similar in functionality with chatting on an ordinary PC. The majority also answered that they believed that the chat function could be useful in m-learning. 
The test persons generally expressed that they were impressed by the quality of IP telephony on the PDAs. Most of the students also agreed with the statement that IP telephony could be very useful in mobile learning. The one person disagreeing probably held the position that synchronous communication generally is not useful in distance learning mainly based on asynchronous communication.

According to the students, sending and receiving e-mails, writing to the course forum, answering assignments with Word attachments and sending/receiving assignments functioned well. There are few responses on the negative side.
The students were generally very positive towards reading text on the PDA.

The students were generally positive concerning the quality of both human and synthetic sound on the PDA – all responding on the positive side of the scale. The opinions differed more concerning the functionality of the video. However, it seemed clear that the uncertain and negative responses concerning video were more related to the bothersome way of playing the video rather that to the quality of the video itself. In fact, the students found the quality of the streamed video quite good.

The answers concerning the graphical materials support the impressions that presently graphical materials do not function satisfactorily on the PDA.

Although the majority of the students have responded quite positively to most of the questions concerning the m-learning environment, they do not find the solutions satisfactory for mobile access only. This is in line with our assumptions that m-learning in the NKI college is seen as an addition to increase access and flexibility of learning.

The students agree generally that the always-online mobile solutions increase the flexibility of e-learning. To a large extent they also agree that the m-learning solutions tried out increase the quality of course arrangements. More than half of the students are uncertain whether the solutions tried out actually increase the quality of learning outcomes. This is, of course, a very difficult question to answer based on the experiences from the test situation.

It was clear that some of the students with a technical background and working in IT-positions were less enthusiastic than the other participants. According to their statements during the trial they were less tolerant towards operations that were more complicated or taking longer time than on standard PC equipment. This could be seen as an indication that the technology still has to be developed further before it is attractive enough for a sufficient number of online learners. However, the research so far has demonstrated that developing solutions that make courses available in sufficient quality independent of devices on the user side seems to be a sound strategy. 
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Appendix 1. QUESTIONNAIRE ON MOBILE LEARNING

PART 1

Section 1. Personal background

1. What is your occupation?

· Manager

· Employee non-technical

· Employee technical

· Teacher or trainer

· Student

· Unemployed

· Other

2. What is your age grouping?

· 24 or younger

· 25-29

· 30-40

· 41-50

· over 50

3. Gender?

· Male

· Female

4. What is your level of education?

· High school matriculation

· One to three years of post-secondary education

· Four or more years of post-secondary education

5. Mobile device ownership – do you own?

· A mobile phone?

· A PDA (personal digital assistant), pocket PC or palmtop?

Section 2. Student user-friendliness

6. It was easy to use the equipment in this mobile learning course

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

7. This mobile learning experience was fun

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

8. According to my experience I would take another mobile learning course if relevant to my learning needs

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

9. I would recommend mobile learning as a method of study to others

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

10. Where did you study the mobile learning course?

· At home

· At the office or work

· While travelling

· Other

Section 3. Didactic efficiency

11. Mobile learning increases the quality of e-learning

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

12. Course learning objectives can be met by mobile learning

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

13. Accessing course content was easy

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

14. Communication with and feedback from the tutor in this course was easy

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

15. Mobile learning is convenient for communication with other course students

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Section 4.
Technical feasibility

16. Navigation through the mobile learning course was easy

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

17. For mobile learning to be effective it is necessary to use graphics and illustrations

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

18. Evaluation and questioning in the mobile learning course was effective

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Section 5.
Cost effectiveness

19. Mobile learning increases access to education and training

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

20. The cost of accessing the mobile course materials was acceptable

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

21. The cost of communicating in the mobile learning course with the tutor and other students was acceptable.

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

PART 2

In this mobile learning course the following functionalities were used on mobile devices in an always-online environment:

Synchronous communication:

Chat

22.
Have you previous experiences using chat?

· Yes, a lot

· Yes, some

· No, not at all

23.
How do you view the user-friendliness of the chat function on PDA?

· Better than on PC

· Same as PC

· Worse than PC

24.
Chat in mobile learning can be very useful

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

IP telephony

25.
Did you try IP telephony in connection with the mobile learning course?

· Yes

· No

26.
IP telephony functions very well on the PDA

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

27.
IP telephony in mobile learning can be very useful

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Asynchronous communication:

E-mail

28.
Communication with the tutor by e-mail functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

29.
Communication with other students by e-mail functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Discussion forum

30.
Writing messages to the Forum functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

31.


Answering assignments for submission applying the PDA functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

32.
Sending assignments for submission to the tutor functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Courseware:

Text
33.
Accessing and reading text on the PDA functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

34.
Making notes on the PDA functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Multimedia:

Sound

35.
Accessing and listening to sound materials functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Video
36.
Accessing and watching video materials functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

Graphics

37.
Accessing and perceiving graphical materials functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

38.
Activities/assignments involving manipulation of graphical materials functioned well

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

The always-online environment

39.
Overall, how do you view the always-online mobile environment compared with PC access and applications in studying this course?

· Much better

· Better

· Uncertain

· Worse

· Much worse

40.
Would you find it acceptable to study this course with mobile access only?

· Absolutely

· Probably

· Uncertain

· Probably not

· Absolutely not

41.
Always-online mobile access to the course as an addition to access on standard

PC equipment increases the flexibility of e-learning

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

42.
Increased accessibility and flexibility of always-online mobile access to the course as an addition to access on standard PC equipment increases overall quality of the course arrangements

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree

43.
Increased accessibility and flexibility of always-online mobile access to the course as an addition to access on standard PC equipment increases quality of learning outcomes

· Strongly agree

· Agree

· Uncertain

· Disagree

· Strongly disagree
PART 3

Comments:

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

Comments on equipment functionality and user-friendliness:

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