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Abstract—This paper introduces an empirical study to investigate 

the effect of including multimodal metaphors such as text, graphic 

and speech in e-learning application. The aim of the experiment was 

to measure and compare the level of usability of textual and 

multimodal interfaces. The usability parameters which are efficiency, 

effectiveness, and users‟ satisfaction were considered in the study. In 

order to carry out comparative investigation, two independent groups 

were involved to evaluate two different interfaces of an experiment e-

learning platform. First group (control) was consisted 22 participants 

using textual interface platform based on textual modal only. This 

platform used Microsoft Word 2007 and its „adding comments‟ 

feature as the modal. The second platform was based on a multimodal 

interface used by the experimental group and consisted of three 

multimodality tools to improve efficiency of e-learning.  The 

modalities used by this experimental group were text, speech and 

graphics. The results obtained from this investigation have shown 

that the multimodal e-learning interface group increased the level of 

usability by taken lower time to complete the experimental tasks and 

performed successfully higher number of tasks, and more satisfied 

than the textual interface group.  However, the error rate in the 

experimental group was found to be greater than that of the control 

group. The results also suggested that other multimedia metaphors 

could be used for enhancement and improvement the performance of 

e-learning system. These metaphors could include the use of 

combinations of graphic, recorded speech and earcons.    
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I. INTRODUCTION 

Computers nowadays play the most important part in our 

lives[1].  In the education system, for example, the use of the 

computer is becoming very important. The e-learning is also 

considered one of the main facilities that should be available 

for students to help them in their education[1, 2]. 
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As more and more institutions are relying on presenting their 

material online, the necessity to present this material in a more 

efficient way has also increased[3, 4]. The development of 

information and communication technology available provides 

a great opportunity to extend the knowledge and skills of 

individuals[5, 6]. The reliance on this medium has increased 

almost exponentially with the popularity of the internet.  In 

order to make good use of this resource we also require a tool 

to present to us this information in a way that can be 

understood and used more easily. 

However, the method of transference of this information 

from the screen to the user has remained largely unchanged, in 

that the communication has only been visual[7].  It has been 

shown that overuse of textual information is not the most 

effective method of learning online[8].  Other human senses, if 

used alongside the visual sense, can greatly assist in 

understanding the presented information[9].  Some of these 

include metaphors such as speech, recorded sound and 

graphics, to name a few[10]. Two user groups were set up; one 

control group using textual only interface and the other 

experimental group using a multimodal interface consisting of 

speech, graphic and added text with the objective to measure 

usability and advantages of these metaphors within an e-

learning tool to aid learning. The experimental study discussed 

in this paper was intended to investigate the use of 

multimodality to assist in e-learning applications for the 

context mentioned above.   

II. E-LEARNING 

A. What is E-learning 

    In the internet world, it has become common to use the 

prefix „e‟ to create a new word with a different meaning such 

as in e-commerce in another word electronic commerce, e-

banking, electronic banking and e-mail, electronic mail, etc. 

The „e‟ refers to the use of internet [6]. Rosenberg (2001, P: 

28) argues that “e-learning refers to the use of the internet 

technologies to deliver a broad array of solutions that enhance 

knowledge and performance” [11]. He adds that e-learning “is 

based on three fundamental criteria”:1) It is networked, which 

makes it capable of instant updating, storage, distribution and 

the sharing of instruction or information. 2) It is delivered to 

the end-user via a computer using standard internet 

technology[8, 12]. 3) It focuses on the broadest view of 

learning – a learning solution that goes beyond the traditional 

paradigms of training. 
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E-learning can be classified into four categories: Computer-

based learning, online learning[13], web-based learning and 

distance learning[14]. Computer-based learning is the term for 

self-study using a computer, often with CD-ROM and self-

tests[15]. Online learning has to do with online study with or 

without instructors[16]. Web-based learning refers to the use 

of both technology and traditional methods in learning[17]. 

Distance learning refers to study using several methods for 

example TV, Radio, CD-ROM and some different 

technology[18, 19].   

B. Why E-learning 

The technology of web-based can offer more chances for 

people who seek to learn with little income for whom the 

payment of traditional course fees is difficult[20]. And time is 

also important for those with full time employee who cannot 

attend traditional class at specific time. Because of that e-

learning has offered many people the chance to learn and 

educate them self[21]. 

Web-based learning has offered different ways to deliver 

courses and thus makes electronic resources available to 

people[22]. E-learning can be applied to either synchronous 

(same time but different place) or asynchronous (different 

time and different place) learning. 

 

Synchronous learning 

  In this type of e-learning the students go to class via 

computer and ask questions and get answer by e-mail or in 

real time live chat. This type of learning seems more active to 

students since it creates an atmosphere similar to that in the 

traditional classroom[23]. 

 

Asynchronous Learning 

    In this type of e-learning, the students participate with 

other students and instructor, although they are not at the same 

time. They attend the class at any time they need to and this 

approach of learning allows support and feedback to be given 

by instructor and classmates, providing that the course 

material is limited in a specific time[24]. 

E-learning is still an emerging field, and gives many benefits 

that are totally different from a conventional classroom based 

learning environment and can generate results for 

students[25].  The electronic technologies offer a wide range 

of benefits like standardisation, cost-effectiveness, flexibility 

and scalability.  The benefits of e-learning are summarised[19, 

26]: 1) Contents could be easily kept up-to-date, because the 

information always comes from one central source.  2) Course 

materials are available at any time and from any place.  3) 

There are links to other websites for additional explanations 

and help.  4)  The students are able to communicate with their 

instructors and anther classmates.  5)  Students are able to plan 

the learning program according to their strengths and 

weakness. 

 

 

III. MULTIMEDIA METAPHORS 

Research has shown that using more than one human sense in 

the learning experience allows people with different learning 

styles to absorb the presented information more effectively[27, 

28]. Experiment conducted in this area shows that a typical 

student‟s learning style consists of 29% using visual 

metaphors, 34% using auditory metaphors and the remaining 

using haptic metaphors[29].  Therefore it can be concluded 

that there is a link between multimodal interfaces and 

improved learning[10, 28].   

With institutions relying on delivery of their materials online, 

it has become only too obvious through research into human 

learning behaviors that multimodality will also play a major 

role in this evolution[30].  The use of multimodality has been 

in use in some in places already with positive results such as 

interactive simulations and online training modules on offer 

by educational institutions[30, 31].  Application of these can 

be seen where for example Microsoft have a series of 

educational material on Administration of their Operating 

Systems in which graphical and speech modals are applied to 

assist learning.  Ebay also offer interactive courses teaching 

members of effective buying and selling processes and have 

concluded that using multimodality to deliver this course has 

far greater effectiveness than just textual instructions[32].  In 

addition, the human short-term memory, which is used by the 

learning process, has limited capacity and therefore reducing 

the amount of textual information by adopting multimodality 

improves its efficiency to retain what it has learnt[32]. 

Furthermore, it has also been proven that providing a 

multimodal learning environment makes learning more 

exciting and fun as learners enjoy interaction whilst being 

taught rather than boring textual delivery of information[33]. 

 

A. Anticipated Benefits 

According to the literature studied, use of multimodality can 

influence students learning[34].  As e-learning applications are 

widely used the expected benefits of using multimedia in e-

learning systems, in particular within the area of not-taking 

will result in improving the student performance by reducing  

the required time to complete the required tasks with fewer 

errors and to enhance student understanding and 

satisfaction[35]. Also, it will provide additional usability 

guidelines for development of multimodal metaphors in e-

learning applications. 

IV. EXPERIMENT PLATFORM 

The aim of this experiment was to investigate the effect of 

using multimodal metaphors in e-learning interfaces. The 

experimental setup was done on two platforms.  The first 

platform used by the control group used only the textual 

modal.  This platform used Microsoft Word 2007 and its 

„adding comments‟ feature as the modal. 
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The second platform was based on a multimodal interface 

used by the experimental group and consisted of three 

multimodality tools to improve efficiency of e-learning.  The 

modalities used by this experimental group were text, speech 

and graphics. 

Each multimodal from the above mention was tested in 

three tasks. In text interface the required information was to 

made note about specific word. For example, the participant 

was asked to select a word after reading the text and then write 

some notes which related to the word selected. The same steps 

of adding text was used in the second required but adding 

notes by text were removed and replaced with adding notes by 

graphic. For example, curse the mouse on the right word and 

then right-click to display a menu of options and choose add 

graphic then from the graphic box the user had to insert image 

or to do his/her own graphic note which related to the word 

selected. The same design of adding text and adding graphic 

were used in the last task which made note by speech 

(recorded speech). The purpose of using this metaphor was to 

reducing the overload on users‟ visual channel and enabling 

them to employ both of visual and auditory senses in obtaining 

the notes information. 

 

A. Participants 

Forty-four participants, consisting of under-graduates and 

post-graduates were selected to investigate the effect of 

including multimodal metaphors usability of e-learning 

interfaces. Undergraduate and post-graduate were recruited 

from various departments with the help of staff members. The 

participants were divided into two independent groups, each 

group consisted of 22 users.  A post-experimental 

questionnaire at the end of the experiment was answered by all 

participants.  Participants were approximately 25% of them 

had a bachelor‟s degree, about 25% had doctor‟s degree and 

the remaining percentage had master degree 50%.  The 

participants have been grouped into three categories on the 

basis of age.  The majority are aged between 18 and 21 years 

old (20%) followed by those between 25 and 34 (40%) and the 

remaining percentage was over 35 years old.  The average 

genders of participants were 85% male and only 15% were 

females.  The reason for a low number of female participants 

was due to scarcity of females meeting the criteria of English 

as a second language and some basic computer competency.  

The participants also had a scientific background and they 

were using the experimental platform for the first time.  Figure 

1 show that the average number of participants who have 

limited knowledge about human computer interaction in the 

experiment was 40% and the number with good knowledge 

about 15%, about 45% had no knowledge.  

 In order for the experiment to be successful, all participants 

had to fulfill a certain set of criteria.  The requirements were 

a) computer literate background (i.e. used computers for  

more than 10 hours a week),  

b) had not used the experimental platform before. 

c) spoke English as second language. 

B.  Methodology 

Three criteria were chosen for measuring the level of 

usability of the two interfaces: effectiveness, efficiency and 

users‟ satisfaction. The effectiveness was measured through 

the number of error made by users about the interfaces and the 

metaphors and the efficiency was measured through the time 

which they spent in each task and the overall experiment. In 

addition, they were required to  also complete a satisfaction 

questionnaire after performing all tasks. This questionnaire 

was scored 1- 6 on the Likert Scale with eight statements, 

which fitted all experimental conditions, and the users were 

required to specify their agreement to these statements. These 

statements were mainly about the ease of use, ease of learning 

and usefulness of each metaphor. 

Experimental Interface 

Textual Interface 
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C. Tasks 

The overall experiment consisted of nine tasks grouped into 

three sets of three tasks for each of the participants to 

complete.  These tasks were designed with the objective of 

testing all the 3 different modalities listed above for the 

experimental group.  For the control group users the steps 

were exactly the same for each task.  They were given a set of 

pre-selected words and some notes to add as comments for 

them.  For the experimental group each task was comprised of 

a set of steps which asked the users to place the mouse cursor 

over a selected word and highlight that word.  Then the users 

had to right-click the word and select an option from a menu 

depending on the task they were required to carry out. For the 

first task the experimental group users selected the „Add text‟ 

option from the menu.  The second task required the users to 

select the „Add graphic and text‟ option and the third required 

selecting the „speech‟ option.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each group had to do this for 3 words in each of the tasks.   

During the completion of the requirements, the time taken to 

perform the tasks and errors while performing the tasks was 

measured. 

D. Procedure 

In the experiment the participants were divided into two 

separate groups; the experimental group used the multimodal 

interface and the control group used the textual interface. Each 

group consisted of 22 users and they were randomly assigned 

to one of the two groups.  The users were briefed on the 

procedure and then given approximately ten minutes to read 

and understand the text they were expected to use in the 

experiment.  Further, a quick demonstration of the procedure 

was given to ensure all participants fully understood what was 

required from them.   

User E-learning 
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Figure 1. The average age gender and Education level 
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Figure 2. The mean values of task completion time for all tasks  
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This time spent was not included in the timings for the 

actual experiment.  Each of the users had to individually 

accomplish each of the specified tasks. The experiment time 

was recorded for each individual task and also for the overall 

experiment. The efficiency and frequency of errors were also 

recorded for all tasks.  Efficiency was measured by timing 

how long a user took in completing each task.  In the end the 

participants were asked to answer the satisfaction 

questionnaire. Post experimental questionnaires were designed 

to ask the control group to identify multimedia metaphors that 

they would have preferred as part of an e-learning system to 

improve efficiency and the experimental group were asked to 

identify those metaphors that they found most useful in their 

interaction with the e-learning experimental platform. 

V. RESULTS AND DISCUSSION 

A. Task Completion time 

 

The efficiency was defined as the total number of time 

taken to complete the tasks and overall experiment in each 

group, total time which the user spent looking for information. 

The performance of each user was observed, then recorded 

and noted in an evaluation form. Figure 2 shows that the mean 

completion time for all tasks in experimental group was lower 

than the control group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The overall mean completion time for all tasks was 

significantly lower in the multimodal interface group in 

comparison with the textual interface group (t = 2.42, cv = 

1.65, p<0.05).  The main reason of this result was that the 

multimodal interface involved more modality such as speech, 

text and graphic. The percentages of task completion time for 

the control and experimental groups were both used text the 

experiment group performed slightly better. However, there 

was a noticeable difference when the experimental group used 

multimodality such as speech and graphic. This difference was 

found to be more significant between the task where 

experimental group was using graphic (t = 2.30, cv = 1.65, 

p<0.05) and speech (t = 3.49, cv = 1.65, p<0.05).  During the 

experiments, it was observed that the time needed to perform 

the tasks in the experimental group was lower in used 

multimodal metaphors.  As with time spent, mouse clicks were 

performed with the two experimental interfaces. The result of 

the experiment showed that users of the multimodal interface 

had more mouse clicks than users of textual interface.  The 

number of mouse clicks recorded for the text, graphic and 

speech tasks was in text 4 clicks in each task, graphic 5 and 

speech 8 while the total number of mouse clicks performed for 

the completion of task in textual interface was 4. High 

statistically differences were recorded when comparing the 

time spent performed between the multimodal interface and 

textual interface.  
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Figure 3. Percentage of successful completed tasks in both control group and experimental group 
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B. Successful Completion of Tasks 

 

The performance of each user was checked and total 

number of completion tasks for each user in each group was 

obtained and then used for statistical analysis. The total 

number of performed tasks in both group was 198 (22 

multiply by 9 tasks in each user) Figure 3 shows that the users 

of experimental group managed to complete tasks successfully 

more than users of the control group.  Users in the 

experimental group completed 188 tasks (95%) while users in 

the control group completed 154 tasks (78%). 

In the last three tasks where the experimental group used 

speech and control group used text, percentages of successful 

completed task were much better in experimental group than 

the control group.  The difference in completion time between 

the groups increased as the experimental group tasks involved 

multimodal metaphors. 

 

C. Satisfaction 

Users were asked also to select their preferred interface and 

provide an explanation for their choice. These ratings were 

used to analyse the level of users‟ satisfaction of the two 

interfaces in regard to different aspect (ease of use, confusion, 

nervousness, ease of learning and overall satisfaction) in both 

interface versions.  This questionnaire was Six points Likert 

scale. Users‟ satisfaction of the interfaces was evaluated by 

obtaining users‟ views of each individual metaphor and 

interface used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These points were used for each statement in the 

questionnaire ranging from 1, the value for strongly disagree, 

to 6, the value of strongly agree.  T-test was performed on the 

total number of scores to test the difference in users‟ 

satisfaction. The result showed that multimodal interface was 

significantly more satisfactory than textual interface (t = 2.62, 

cv = 1.65, p<0.05).  

 From the viewpoint of users‟ views, the interface versions 

were very similar with respect of ease of usability and this led 

to some amount of nervousness. The results show that ease of 

use was greater with the multimodal interface but greater 

difference was observed in statements connected to the 

learning process. Mmultimodal interface users found it easier 

to learn. Also, the results of post experimental questionnaires 

which were designed to ask the control group to identify 

multimedia metaphors that they would have preferred as part 

of an e-learning system and the experimental group were 

requested to express preference for particular types of 

multimodal metaphors that they found most useful in their 

interaction with the e-learning show that almost of participants 

who involved in the experimental group preferred the 

application with multimodal metaphors in order it was first 

prefer speech followed by graphic and then text. Also high 

percentage of participants who involved in the control group 

preferred to have multimodal metaphors in the e-learning 

application. 

 

Figure 4.  The average number of errors in each task 
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VI. CONCLUSION AND FUTURE WORK 

 

This paper has shown that when incorporating recorded 

speech, graphic and text can improve the efficiency of e-

learning applications. The overall time taken to complete the 

required tasks was significantly less when these multimodal 

interaction metaphors were utilised to communicate 

information about electronic notes or information. Figure 4 

shows the error rate in the experimental group was found to be 

greater than that of the control group. The reasons for this are: 

a) The experimental interface is more involved applications. b) 

There are more mouse clicks involved in the experimental 

interface. c) Users are more familiar with the Microsoft Word 

application. Future work will involve investigations around 

methods of reducing the errors of the experimental group, 

such as clicking the correct buttons on the screen for the 

graphics and speech part of the experiment.  Furthermore, 

earcons will be designed, developed and tested to observe the 

influence and effects they have on learning. The contribution 

of speech has been valuable, therefore other ways in which 

this particular metaphor can be incorporated will also be 

investigated, for example the use of pre-recorded speech. 
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