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Introduction

The EU Leonardo Project proposes to develop and trial mobile learning (m-learning) courses for current and new mobile handsets. This report presents the findings of a trial from the second phase of this project “Mobile Learning: The Next Generation of Learning”. The latter section of the report then suggests further recommendations based on these results.

Evaluation methods and procedures

During this trial the WCDMA RAN Overview course was adapted in accordance with recommendations for mobile device development. The trial ran from February 2005 to March 2005 during which nineteen people from Ericsson completed the course on Sony Ericsson P910i smart phones and filled out post-evaluation forms. 

Results

The evaluation method takes feedback from the overview course under five separate headings. Section 1 gains an understanding of the participant’s personal background. Section 2 then measures the participants’ evaluation of the user-friendliness of m-learning. Section 3 is of particular interest to this study as the technology and methods used to design this m-learning course have resulted with considerable increases in the didactic efficiency perceived by the participants. Section 4 provides further insight into the participants’ evaluation of the technical feasibility of this module; the results from this section again show noticeable increases from previous trials. Finally section 5 presents the results of the cost effectiveness of the course. Part 2 of the evaluation is Ericsson specific, with questions that help to determine on how successful the technical approach providing this course was. 

Throughout the report the results from this trial are compared with a previous m-learning trial performed in Ericsson, Ireland in 2002. This trial was part of Phase 2 of the EU Leonardo Project “From e-learning to m-learning”[1].

Personal Background

As mentioned previously nineteen staff participated in this trial. Eighteen listed their occupation as Teacher/Trainer and one as Manager. The age group of the participants was varied, with all of them having at least one to three years of post-secondary education. 

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	1.Occupation
	Manager
	Non-Technical Employee
	Technical Employee
	Teacher/Trainer
	Other

	
	1
	5
	-
	-
	-
	-
	18
	95
	-
	-

	2.Age Group
	24 or younger
	25-29
	30-40
	41-59
	Over 50

	
	7
	37
	3
	16
	6
	31
	3
	16
	-
	-

	3.Gender
	Male
	Female

	
	12
	63
	
	7
	37
	

	4.Level of Education
	High school Matriculation
	One to three years post secondary
	Four or more years of post-secondary 

	
	-
	-
	3
	16
	
	16
	84
	

	5.Mobile Device Ownership
	Mobile Phone
	PDA 
	Both
	

	
	17
	89
	-
	-
	2
	11
	


Student User-Friendliness 

The results from this section of the questionnaire show that for the most part the participants were positive about the user-friendliness of the mobile devices and m-learning in general. 

Students were asked if it was easy to use the equipment in this mobile learning course. The responses were satisfactory with 79% in agreement that the equipment was easy to use. In this trial one of the participants, who accounts for 5% of the overall figures, strongly disagreed with this statement. This negative result can be attributed to the participant’s unfamiliarity with this particular mobile device.

“I found the phone to be a bit fiddly at the start. However once I got the hang of it I found it a pleasant environment.”

The next question asked if the mobile learning experience was fun. 16% of the participants disagreed or strongly disagreed with this statement, this however, is an improvement on previous trials run by Ericsson [1]. There are a high percentage (26%) of uncertain replies that causes concern. As this was the first time many of the participants had completed a course on a mobile device, other factors such as familiarisation with the device and the course content may have influenced this result. Over half of the participants (58%) did agree that the experience was fun, which is a satisfactory response. The feedback from this question suggests further research is required to ensure a fun experience can be guaranteed all of the time by all of the participants.

The next question asks, “According to my experience I would take another mobile learning course if relevant to my learning needs”. 53% of the participants were in agreement with this statement. 31% of the responses were uncertain about this statement so it is important to perform further research in order to ensure m-learning can be improved and used as part of a blended learning solution by all.  

The participants are then asked, “I would recommend mobile learning as a method of study to others”. This question had similar feedback to the last question, where a large percentage of the participants, 37%, were undecided about the statement. 42% were in agreement and would recommend m-learning, but 21% disagreed with the statement. This result suggests that further improvements to the m-learning solutions are required to ensure m-learning is widely adopted.

The main advantage to m-learning is the ability for ‘any-time, any-place’ learning. Although 100% of the participants in this trial studied the course at the office or work, this was due to the availability of the test mobile devices. All of the participants from this study work in jobs that involve a lot of travel and it is our challenge to provide m-learning solutions that can be widely adopted by everyone. 

“Found the system very interesting and it is a very good way to learn on the go.”
	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly Disagree

	6.Easy to use equipment
	4
	21
	11
	58
	3
	16
	0
	0
	1
	5

	7.M-Learning experience was fun
	1
	5
	10
	53
	5
	26
	2
	11
	1
	5

	8.I would take another m-learning course
	3
	16
	7
	37
	6
	31
	3
	16
	0
	0

	
	9.I would recommend m-learning
	3
	16
	5
	26
	7
	37
	4
	21
	0
	0

	10.Where did you study m-learning course?
	At Home
	At work or office
	While Travelling
	Other
	

	
	-
	-
	19
	100
	-
	-
	-
	-
	-
	-


Didactic Efficiency

The next section of the questionnaire determined how the participants gauged the didactical and educational benefits of m-learning. The answers to this section help establish the attitudes of the participants to m-learning and determine how well this particular trial met some of the essential requirements of an educational setting such as communication and easy access to course material.

47% of the participants were in agreement that m-learning increases the quality of e-learning. This result is less favourable than in previous trials [1], with 37% in disagreement and 16% uncertain. There could be a number of reasons for this, but as m-learning begins to offer similar functionality to traditional e-learning the two are more comparable, however when m-learning solutions are compared to their e-learning counterparts, the limitations of the m-learning device such as screen size and functionality mean that the expectations of participants are not always met.

“I did learn so it could be beneficial. Not a fluid learning experiences as compared to 'regular' e-learning.”

53% of the participants were in agreement that learning objectives can be met by m-learning. Only 11% are in disagreement but again there is a considerably large percentage uncertain (36%). The result is positive overall but the results do highlight the need for improvement in the m-learning solutions offered.

The results of the next question, about access to course material, show improvements from the previous trial [1]. Now 63% of the participants agree that access to course content was easy (up from 53%). This result shows that decisions regarding how to provide, display and arrange material on mobile devices have led to improved download times, display of content and navigation experience. 

The next two questions measure the ease of communication, between student and tutor and between students themselves. There were a large percentage of uncertain and not applicable answers given by the participants in reply to these questions. 

“The ability to contact a trainer via the phone has not been tested. It should allow the teacher and the student to talk and navigate through the course to detail some aspect.”

Further investigation has revealed that although the participants did not use any communication functionality for this particular module, everyone agreed that the use of email, sms, mms or telephone calls could be extremely beneficial in m-learning and all of the participants had used these mobile communication methods extensively already. This feedback highlights the need for further research into these methods of communication and the advantages they could each offer to an m-learning environment.

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly Disagree

	11.M-learning increases the quality of e-learning
	3
	16
	6
	31
	3
	16
	6
	32
	1
	5

	12.Learning objectives can be met by m-learning
	2
	11
	8
	42
	7
	36
	2
	11
	0
	0

	13.Accessing course content was easy
	2
	11
	10
	52
	5
	26
	2
	11
	0
	0

	
	14.Communication with tutor was easy
	0
	0
	3
	16
	7
	37
	5
	26
	Not Applicable

	
	
	
	
	
	
	
	
	
	4
	21

	15.M-Learning is convenient for communication with other course students
	2
	10.5
	2
	10.5
	9
	47
	3
	16
	Not Applicable

	
	
	
	
	
	
	
	
	
	3
	16


Technical Feasibility

The technical feasibility of m-learning is hugely important, indeed the interface limitations such as screen size and keyboard can often lead to negative m-learning experiences. Over the last few years there have been huge breakthroughs in mobile devices including improved displays that allow for more intuitive Graphical User Interfaces requiring less user interaction.

The first question in this section measures how the participants felt navigating through the course. A significant increase can be seen from the previous trial with 68% of the participants agreeing that navigation through the course was easy [1]. This in an increase of 21% and confirms that the technical decisions made on how to provide the course have led to an improved m-learning solution. 

As with previous trials the participants are all in agreement that, for effective m-learning graphics and illustrations, are essential [1]. Participants often expect multi-media to be integrated into e–learning and hence into m-learning also. Further research into design of graphics and multimedia for mobile devices could be explored as a result of this trial. 

Feedback and assessment is an essential part of the learning process and any new learning environment must incorporate an adequate feedback and assessment procedure. 84% of the participants agree that the evaluation and questioning from this course was effective, which is a satisfactory result. This is an increase of 59% from the previous trial [1]. The use of feedback and assessment can stimulate the students and maintain interest and enthusiasm when studying an m-learning course. The positive results in this question might suggest more feedback and assessment should be introduced into m-learning courses. 

“I feel that more interaction such as building part of the network and more Q&As would help maintain interest and concentration”

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly Disagree

	16. Navigation through m-learning course was easy
	5
	26
	8
	42
	3
	16
	2
	11
	1
	5

	17. Graphics and illustrations are necessary for effective m-learning
	13
	68
	6
	32
	0
	0
	0
	0
	0
	0

	18. Evaluation and questioning in the course was effective
	6
	32
	10
	52
	1
	5
	2
	11
	0
	0


Cost Effectiveness

As mentioned previously the foremost advantage to m-learning is the ability to learn anywhere and anytime. This is reflected in the results from the study where 100% of the participants agreed that m-learning increases access to education and training. This figure has increased from 82 % in the previous trial [1] and suggests that the benefits and advantages to m-learning are beginning to penetrate society in general. 

As this was a trial study, the participants were unaware of the actual costs related to completing the course. Therefore 26% of the participants thought the questions about cost were not applicable. Also over 50% of the participants replied with uncertain feedback for the same reason in these questions.

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly Disagree

	19. M-Learning increases access to education and training
	5
	26
	14
	74
	0
	0
	0
	0
	0
	0

	20. The cost of accessing the mobile course materials was acceptable
	1
	5
	2
	11
	10
	53
	1
	5
	Not Applicable

	
	
	
	
	
	
	
	
	
	5
	26

	21. The cost of communicating with the tutor and other students was acceptable
	0
	0
	2
	11
	11
	58
	1
	5
	Not Applicable

	
	
	
	
	
	
	
	
	
	5
	26


Part 2 (Ericsson Questions)

This section of the report evaluates Ericsson specific questions regarding technical and design decisions made to provide the m-learning course. All of the participants taking this course have a technical background and their opinion on these decisions is considered very valuable. 

The participants were asked if they agreed that the web-page technologies used in the provision of the mLMS services were suitable. 79% of the participants were in agreement that the web-page technologies used were suitable, while 10.5% were uncertain and 10.5% disagreed.  This is a satisfactory response to this question, and as mentioned previously many of the participants in this trial have appropriate technical experience to evaluate this question fully. 

“I felt that the web technologies were great.”

The next question asked if the approach taken in the m-learning course produced a satisfactory learning environment. It too yielded a positive response, where 63% of the participants felt the approach taken did produce a satisfactory learning environment. 21% of the participants disagreed with this question and on further investigation it emerges that these participants remarked on the physical limitations of the mobile device, which they felt severely impacted the learning environment offered. 

“I would have no issues with the Design Approach from a technical perspective. I felt that the screen was too small to be of real benefit, it felt very fiddly overall.”

Interestingly the next question about online registration reported very definite results, 64% of the participants agreed while 31% disagreed. One participant commented that registration was a little uneven and mentioned that they had found the phone to be a bit ‘fiddly’ at the start. Factors such as familiarisation with the mobile device influence this feedback, as registration was the first task required of the participants. This is reflected in the comments;

“Very difficult to register, needed 6-7 attempts. Buttons were a bit hard to tap with pen.”

“It took some time to familiarise myself with the phone initially but I found it quite user-friendly and was very impressed with the course and equipment overall.”

The next questions gathered feedback about the work-plan feature in the mLMS. A large percentage (42%) of the participants were unsure if the work-plan was a useful learning aid. Also 11% thought this question to be not applicable, as they had not used the work plan feature. This uncertainty is also reflected in the feedback about whether submitting a work-plan was clearly explained and easy to do, where 36% of the participants were uncertain. 32% agreed that how to submit the work plan was clearly explained, yet many of these participants did not avail of the work-plan feature. The high number of uncertain responses is due to the fact that the course only provided three separate modules, which would not generally qualify the use of a work-plan. This component would need to be tested under more real circumstances to yield accurate feedback on the feature itself. 

63% of the participants did not use the other features of the Sony-Ericsson P900 to assist their learning. As mentioned previously further research into the use of the communication features offered by the phone would be of real benefit to this research. 16% of the participants did use some of the features provided by the device though, for example note taking tools. 

A positive 79% of the participants felt that the m-learning course enabled them to learn, which is a satisfactory response. Those who were uncertain or who disagreed with this statement often quoted the size of the screen and other physical limitations as the main reason the m-learning course wasn’t satisfactory. 

“Yes I think it works but it is unsuccessful due to the environment it is in. Could not sit a full 3-hour course via mobile. Eyes become sore and being in a crouched over position isn't good.”

Finally the questionnaire asked if the participant felt there were real benefits from learning this module by mobile learning. 57% pf the participants agreed that there were real benefits while 16% were uncertain and 27% disagreed. The results of this question reveal that many of the participants consider m-learning to be in competition with traditional e-learning. 

“It's a useful tool for travelling or when a laptop is not available, but only then in my opinion.”

“I think the mobile learning worked but I don't think it is the best way to do e-learning.”
When a full size screen and keyboard are available for a learning environment, it does not make sense to perform learning modules over the small mobile device. However the huge advantage to m-learning is the fact that it is mobile and this freedom of mobility outweighs the interface limitations of the mobile device. With 57% of the participants in agreement that there were real benefits, the future looks bright for m-learning.

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	
	Strongly Agree
	Agree
	Uncertain
	Disagree
	Strongly Disagree

	22. Do you agree that the web-page technologies used in the provision of the mLMS services were suitable
	3
	16
	12
	63
	2
	10.5
	2
	10.5
	0
	0

	23. Did the approach taken in the m-learning course produce a satisfactory learning environment?
	2
	11
	10
	52
	3
	16
	3
	16
	1
	5

	25. Do you feel that the approach taken to provide the mLMS works but that the system is unsuccessful due to shortcomings in such areas as page layout, navigation control design and usability?
	4
	21
	8
	42
	2
	11
	4
	21
	1
	5

	27. Online course registration was easy
	6
	32
	6
	32
	Uneven
	4
	21
	2
	10

	
	
	
	
	
	1
	5
	
	
	
	

	28. Submitting my work-plan was clearly explained and easy to do
	3
	16
	3
	16
	7
	36
	4
	21
	Not Applicable

	
	
	
	
	
	
	
	
	
	2
	11

	29. The work-plan is a useful learning aid
	1
	5
	4
	21
	8
	42
	1
	5
	Not Applicable

	
	
	
	
	
	
	
	
	
	5
	27

	30. I used the other features of Sony-Ericsson P900 to assist my learning.
	0
	0
	3
	16
	4
	21
	11
	58
	Not Applicable

	
	
	
	
	
	
	
	
	
	1
	5

	31. The m-learning course enabled me to learn
	4
	21
	11
	58
	2
	11
	1
	5
	1
	5

	32. There were real benefits from learning this module by m-learning
	3
	16
	8
	41
	3
	16
	3
	16
	2
	11


Comments

Participants were given the opportunity to offer any further comments about the course or the equipment functionality and user-friendliness. A sample of these comments is presented below. 

“It took some time to familiarise myself with the phone initially but I found it quite user-friendly and was very impressed with the course and equipment overall.”

“It is user friendly, good diagrams, graphs.”

“I was pleasantly surprised by this course as I wasn't expecting much but I thought it was excellent. It wasn't too long or tedious. There are definite benefits to having learning material available to others on such a device.”

“M-Learning should only be seen as part of a blended learning process and ideally to re-enforce or use as a reference to previously attended training courses.”

“Good course, the use of small screen worked surprisingly well for reading, can't say the same for entering text and clicking on the links.”

“The ability to contact a trainer via the phone has not been tested. It should allow the teacher and the student to talk and navigate through the course to detail some aspect.”

“Yes I think it works but it is unsuccessful due to the environment it is in. Could not sit a full 3-hour course via mobile. Eyes become sore and being in a crouched over position isn't good.”

“I felt the text was a little too small, and the screen is too small to show some of the graphics properly.”

“Unfamiliar with the phone, but overall I was very impressed with the course. It has definite uses and benefits as a learning tool.”

“Overall equipment was good. Keypad is awkward for entry or more than a few letters.”

Conclusions

This trial has taken feedback in the form of formal questionnaires from all the participants and also performed further informal interviews to expand and clarify answers to certain questions. 

Overall the results are positive and show that the participants enjoyed their m-learning experience. As with all trial experiments, we have compiled a large quantity of feedback that can be used to improve the m-learning solution offered in the next phase of this project. 

In particular this trial has provided invaluable feedback on what aspects of the course worked and also (more importantly) what aspects were not well received. Areas that were well received include accessing course material, feedback and assessment modules and graphics. In general users found m-learning environment and the course satisfactory. Areas to improve include creating a fun environment, navigation and communication methods.

Since all of the participants took the course within the workplace, the biggest advantage of m-learning was not tested fully. It is hoped that under real ‘travel’ circumstances, the course could be tested more accurately and yield even more valuable data to support the argument for m-learning. 

The participants were generally content with the technical and didactical environment provided. Their enthusiasm for the system varied, and this often correlated with their initial experience using the Sony-Ericsson P900 device.  

The next chapter uses the results from this section to suggest future areas of research and also highlights areas that were particularly effective in this trial that can be focused on and improved in the future. 

Further Recommendations
Introduction

This chapter offers various recommendations based on the evaluations as outlined above. The recommendations are based solely on the feedback received from those who completed the course and looks at how to improve the m-learning solutions offered by the mLMS and WCDMA RAN Overview course. 

Increase Assessment Modules

The feedback about evaluation and questioning in the course was very positive in this trial, and has increased significantly since the last trial [1].  This result suggests that the evaluation modules in this course led to interaction and active participation in the learning module. Further investigation in the use of interactive medium and evaluation in m-learning courses could result in an even more enjoyable and pleasant m-learning experience.

“Whereas I think the design worked well to provide a good learning environment, I feel that more interaction such as building part of the network and more Q & A’s would help maintain interest and concentration.”

Improve navigation further

Although feedback on the navigation through the m-learning course has improved since the last trial [1], the issue of navigation through the course was still prevalent in the questionnaires.   Deeper investigation into best practices for navigation through m-learning courses and multimedia rich course could help improve this issue further.
“A very small interface requiring a lot more navigation than would be necessary with normal multimedia training. Not practical for a long course.”

“Annoying that the user kept loosing connection. Buttons on course kept sticking and spent a lot of time trying to click on them nothing would happen. Then user would usually have to log in again.”

“Navigation problems, disconnection problems, presentation of material - too much text.”

“More "Next" buttons at bottom of page needed also between sections ‘next session name’”
Research communication methods

The feedback from the questionnaire regarding communication with tutors and/or other participants was uncertain. This is because for the particular m-learning course tested, interaction with others was not essential. Also the fact that all participants took the course while at work meant that any difficulties they ran into could be solved with face-to-face communication. Further research, into the different communication methods offered by the Sony-Ericsson P900 that could be utilized to enhance m-learning, is necessary. 

“The major limitation of e-learning in general as far as I am concerned is the inability of the user to have an interactive session with lecturer and other students.”

“The ability to contact a trainer via the phone has not been tested. It should allow the teacher and the student to talk and navigate through the course to detail some aspect.”

Suggestions to lessen effects of small screen

It was always recognized that the physical limitations of the mobile device were very real limitations. However the benefits that m-learning provides, such as anywhere, anytime mobility far outweigh the disadvantages presented by the physical restrictions, and demands further research on how to reduce the side-effects of these physical limitations.

There were a number of comments made about the size of the text being uncomfortably small and difficult to read for prolonged periods.  Design ideas such as a zoom function, landscape format were suggested as possible work-a-rounds. Also many participants suggested the use of more multimedia such as access to sound, more graphics or movie clips, to enhance the course.

These types of media would bring their own difficulties such as longer download times etc. However the use of small multimedia clips to enhance m-learning courses should be investigated.  

“There was too much text per page, more graphics and splitting up the test into bullet point similar to PowerPoint slides.”

“I felt that the screen was too small, perhaps an audio track might help”

“Add moving graphics/sound/clips”

“Felt that the screen text was too small to be comfortable in prolonged use, perhaps some sort of zoom function.”

“Screen rather on the small size - would be good to be able to rotate the screen into landscape format especially for diagrams”

Improve registration process

Our counterparts in NKI have in the past used mobile keyboards in conjunction with their m-learning courses [2] and it seems that if any significant quantity of data needs to be input then this is a pre-requisite.  Otherwise the small-scale keyboard and data input methods lead to frustration in the participants. 

The first task the user is required to perform for the m-learning course is the registration process, and many who completed the course did not enjoy this experience. In the future more consideration should be given to ensure users are familiar with the mobile device before they begin the course. Also other simpler registration methods should be considered and investigated, maybe voice activated registration etc. 

“Size of Display, Size of keyboard, less functionality on mobile phone keyboard than on PC Keyboard (e.g. ESC)”
“Good course, the use of small screen worked surprisingly well for reading, can't say the same for entering text and clicking on the links.”

“Very difficult to register, needed 6-7 attempts. Buttons were a bit hard to tap with pen.”

“Overall equipment was good. Keypad is awkward for entry or more than a few letters.”

“If the student normally uses a Sony-Ericsson P900 they may get more benefit from the course.”
Suggestions to improve learning experience

The ability for a user to personalize the learning process is an important educational issue. Research into how personalized learning environments could be supplied in an m-learning setting, might enhance the learning experience, e.g. adaptive systems, adaptive hypermedia etc. 

“Being able to personalise the learning process.”

Suggestions for course design (small modules, reference material etc.)

It has become apparent from the feedback of this course that long periods studying on this particular device are not conducive to learning. This does not come as a surprise but as m-learning is a new learning experience for all, there are no guidelines on how to effectively “sit” an m-learning course. 

Nevertheless many of the comments from participants advised that smaller modules of reference material would be more appealing than full size overview courses. Further research into best practices for manageable-sized learning modules on mobile devices is needed (Perhaps in conjunction with adaptive systems using multimedia).

“After a period of time it becomes uncomfortable to do the course. Maybe an option of small size (bite-size) courses in pdf format that user can download onto phone and access it anytime they like.”

“Limitations of the mobile device are a major fact that make m-learning difficult (size of display/battery life) amount of information required to cover a particular subject can make the downloading slow.”

“Maybe reference material available that you can download and read at a later date.”

Conclusions

In general the feedback from the questionnaires was positive, especially regarding the technical decisions made to provide the course. The use of graphics, evaluations methods and easy access to material were especially complimented. However there is still much room for improvement and this document has outlined the most common issues highlighted in the questionnaires and offered areas for further research.  

It is a difficult environment to design for, especially considering the limitations of the interface and keyboard, yet Ericsson has made significant improvements in their m-learning solutions over the last number of years. It is hoped that further improvements can be made to the overall learning environment so that in the future the option of m-learning can be a fluid, fun and real solution. 

Ericsson, Ireland looks forward to meeting this challenge to improve m-learning solutions and remain at the forefront of m-learning research.
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