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1. Introduction 

Multimedia refers to combinations of many formats of text, images, animation, audio 

and video. Multimedia learning refers to learning from words and pictures. Multimedia 

instruction is presenting words and pictures that are intended to foster learning (Mayer & 

Moreno, 2003). Ozcelik, Karakus, Cagiltay, and Kursun (2009) proposed multimedia 

provided opportunities to create effective learning environments. Multimedia instructional 

environments can promote the way that people learn (Mayer, 2009; Sweller, 1999; van 

Merrienboer, 1997). Many researchers have conducted studies on the effectiveness of 

multimedia learning materials or environments on promoting learners’ learning. The focuses 

are on the multimedia materials themselves, and also on the theories which support learners’ 

acceptance of multimedia materials, such as Information Delivery Theory and Cognitive 

Theory (Mayer & Moreno, 2002). The consensus among these studies is that multimedia 

materials or environment can or cannot promote learning, depending on how it used. There 

are many principles we can follow due to the fruits of these studies.  

The paper is to summarize the factors of promoting learners’ learning when the 

multimedia learning materials are applied in instruction or learners are learning in multimedia 

learning environment. These factors can be divided into two aspects. One is the subjective 

factor from the view of learners themselves. Another is the objective factor from the view of 

multimedia materials or environments. The first factor cannot be changed or designed by 

instructional designers. Designers should well know learners’ characteristics which designers 

must consider in the procedure of multimedia materials and environment design. The 

objective factor is from the view of learners comparing to the subjective factor. However, this 
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factor can be controlled by instructional designers. They can master or follow some principles 

or experience to design multimedia materials or environment to promote learning rather than 

decreasing the effectiveness or efficiency of learning. 

2. The factors of multimedia learning to promote learners’ learning 

     Multimedia learning may or may not promote learning. For an instructional designer, it 

is necessary to know how to design multimedia materials or environment to promote learning 

and avoid the negative effects. Otherwise, it can waste a lot of time and energy of designers. 

The learners’ characteristics and multimedia materials and environment are the main two 

factors influencing the learning effectiveness and efficiency. And for multimedia materials and 

environment, the different combination of different formats and the degree of the close 

relationship among learning objectives, learning activities and multimedia materials and 

environment are the main factors. The following is divided into three parts to explain these 

factors. 

2.1. Learners’ characteristics 

     Learners’ characteristics such as prior experience, visual-spatial skills, learning abilities 

can influence the effectiveness of multimedia materials or environment. For prior experience, 

if a learner’s prior experience is not rich and enough for the learning objectives, based on the 

cognitive theory, they can learn more from the combination of text and images. However, if the 

prior experience is enough, learners can learn only by texts or images. The combination of text 

and image may increase the working memory load for learners’ cognitive learning. Learners 

need to search the consistency between the internal understanding based on text and the 

external presentation of multimedia materials which are the combination of text and images. It 
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is overload for learners to construct new schema for the connection of their prior experience 

and new knowledge. Kalyuga, Ayres, Chandler, and Sweller (2003) called it the expertise 

reversal effect. Therefore, the prior experience must be well mastered before designing 

multimedia materials or environment.  

     Learners’ visual-spatial skills is also a key factor for multimedia learning. Jeung, 

Chandler, and Sweller, J. (1997) proposed if the learners’ visual search skill is high, 

combination of different formats or simple animation is effective. However, if the visual search 

skill is low then hybrid presentations of different formats are likely to be superior to equivalent 

visual instructional formats. The low visual-spatial skills learners need to focus more on the 

visual presentation when they feel difficult to read the texts. They need to compensate the 

difficulties in reading texts with visual presentation. Therefore, it is necessary to consider the 

factor of different levels of learners’ visual-spatial skills to determine the mixed presentation 

or single format presentation. 

     Learning ability is also a characteristics for a learner. Different learners have different 

degree of learning ability. Learning ability is a comprehensive ability for a learner, including 

learning habits, learning style, and text and image reading ability. Learning habits are the result 

of a long period learning. They cannot be easily changed. Individuals have their different 

learning habits. Some learners like to first read texts and then images. They may separate the 

mixed materials and have their own sequence of reading different formats of presentation 

according to their learning habits. Their learning styles are also vital to combination of different 

formats of presentation. Some may not like animation, but like reading the static images. The 

mixed learning materials may lead to positive effects on those who prefer such materials. 
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Reading ability is also a factor for designing multimedia materials or environment. Those who 

have reading difficulty need to construct their learning schema with the help of image when 

they are reading texts.   

      Besides, the motivation and emotions from the internal of learners are also significant 

for multimedia learning. According to the theories of cognitive theory of multimedia learning  

(Mayer, 2009) and cognitive load theory (Sweller, Ayres, & Kaluga, 2011), Mayer (2014) 

proposed motivation could promote learners’ learning by fostering generative processing when 

the learner is not continually overloaded with extraneous processing or overly distracted from 

essential processing. Learners’ emotion should be also considered as an important factor in the 

design of multimedia learning materials and environment (Um, Plass, Hayward, & Homer, 

2012).  Their study also suggested positive emotional design had a more direct impact on 

learning than externally induced emotions. These are similar to the motivation of learning from 

the internal and the external.  

      Other learners’ characteristics should also be considered as factors for design of 

multimedia learning materials and environment. For instance, the age can also influence the 

effectiveness of multimedia learning materials or environment. For kids, they may prefer 

colorful and simple images. However, for adults, they may be interested in complex images 

with texts. They can find the necessary or important information according to their needs from 

the mixed formats of presentation. Multimedia learning materials or environment may more 

appropriate for older adults. They have lower cognitive load than the young when they process 

the multimedia materials in their memory working.  

2.2. Formats of multimedia learning materials and environments 
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Multimedia learning materials and environment consist of words, image, animation, 

audio, video, etc. Each of them has their features which may have different effects on 

promoting learners’ learning. Their relationships and combination may also have great 

significance on the effect of multimedia learning. According to Mayer and Moreno (2002), 

multimedia can be classified into visual and auditory based on the sensory modalities, pictorial 

and verbal based on the presentational modes, and screens and speakers based on the delivery 

media. Therefore, the paper will extract the word and image for instance and analyze their 

features and their relationship. Another reason may be the other formats are consisted of the 

two main formats. Based on the dual-channel assumption, the words and images are the 

representatives of auditory/verbal presentation and visual/pictorial presentation.  

2.2.1. Features of words and its effect on multimedia learning 

The word is a good presentation for those who like reading through texts. It is a 

traditional way for learners to learn new knowledge and skills. Sometimes, to decrease the 

cognitive load for learners, single format of words can help learners learn rather than extra 

formats of presentation. Words can well explain the theories or principles of movements. 

Learners can well learn procedural knowledge via words. In multimedia learning, words can 

be presented on screen or narration. The narration can also be divided into conversational style 

or formal style. It is obvious that the usage of on screen and different styles of narration of 

words have different effect for different learners and different environments. Many studies have 

been conducted to prove how to use the different presentations of words in multimedia learning 

and their combination with images. Mayer and Moreno (2002) stated seven principles for 

animation as an aid to multimedia learning. They distinguished the different presentations of 
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on screen and narration of words and explained the principles to well apply them in multimedia 

materials or environment design.  

2.2.2. Features of images and its effect on multimedia learning 

The features of images also influence the effect of multimedia materials or environments 

on learning. Firstly, the authenticity of images is significant for design images. The degree of 

the close relationship between real and virtual contexts presented by images has different effect 

on learners’ learning. When the degree is high which means the images are close to real settings, 

it can bring about more redundant information to learners and increase the cognitive load. 

However, if the degree is low, the images may not well explain the detailed information for 

learners. Secondly, the complexity of images is also vital for design multimedia learning. For 

complex images, there may be many colors and other highlighting methods to show many clues 

for learners. Images consisting of simple lines and detailed information also have different 

effect on learning. The degree of complexity can be determined by learners’ learning time. If 

learners have limited time to learn, the images of simple lines can be helpful. If the learners 

have much time to learn, they will focus on the detailed information to find more clues for 

promote learning. Sometimes, the combination of different images of simple lines and detailed 

information may have the most effective way of presentation. The abstract degree of images is 

also an important feature of authenticity. The simple and concrete images can help young 

learners easily built the relation between a symbol and referent. However, the complex and 

abstract images hinder the young learners’ response of the relation (Deloache, 1995). Thirdly, 

the interactivity between learners and images is also an important factor influencing 

multimedia learning. When the learners can control the presentation of images rather than 
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running by computers, including the action of playing, stopping, pausing, and going forward 

and back forward, they can learn by their own pace. Learners don’t need to deal with much 

information in a limited period time and can separate the information easily to help them learn. 

They have enough time to learn each of the image and search important information to 

construct their learning. However, the interactivity of images must be close to the learning 

objectives. Irrelative interactivity can divert learners’ attention from useful information.  

2.2.3. Relationship between words and images  

Schnotz and Bannert (2003) proposed text and picture comprehension can promote 

information processing and human cognition. Words can well explain the complex 

understanding of representation and images can help supplement the authenticity and intuition. 

With the presentation of images, learners have more interest in reading words, for they want to 

know the explanation combining words and images. However, when presenting with the 

combination of images and words, the images can help understanding only when the useful 

information is both in images and words. If the information is in the words and the images 

don’t contain any useful information, the images can increase cognitive load for learners.  Kirby 

(1993) proposed adding pictures to a text was not always beneficial, but can also have 

detrimental effects on the construction of task-appropriate mental representations. Therefore, 

the close establishment of relationship between words and images is the common useful 

learning information which is also close to the learning objectives. Therefore, the relationship 

between words and images can be considered as different manners of combining words and 

images. Many studies have been conducted to prove the effect of the different combination. As 

instructional designers, we should focus on these empirical studies and apply the fruits in our 
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design for multimedia learning.  

In this section, I focus on the characteristic of formats of multimedia learning materials 

or environments. Firstly, the analysis of words can be divided into on screen and narration. And 

then images have the features of authenticity, complexity and interactivity. Finally the different 

manners of combination of words and images have different effect on multimedia learning. All 

the three aspects are the factors of multimedia learning which can have great impact on promote 

learning and should be considered by instructional designers.  

 

Figure 1 Formats of multimedia learning materials and environments 

2.3. Consistency among learning objectives, learning activities and multimedia materials and 

environments 

     In the process of instructional design, the learner-centered principle replaces the 

objective-centered principle. Especially from the post-modern perspectives on curriculum, 

curriculum development should pay more attention to the process rather than objectives. The 

turn has its value of respecting learners. However, it cannot deny the significance of learning 

objectives. The formulation of learning objectives can be also based on the learner-centered 

principle. The learning objectives are established based on individuals’ diversity and their prior 

knowledge and skills. And the learning outcomes can also be evaluated according to the 
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enhancement comparing to learners’ prior knowledge or skills. Therefore, learning objectives 

are also crucial for each step of instructional design, including the design of multimedia 

materials and environments. If the design for multimedia learning has low degree of relation 

with learning objectives, the multimedia materials and environments which designed by 

instructional designers for a long time and much energy will be useless. The irrelative 

multimedia materials or environments can disperse the attentions of learners on useful learning 

information and even increase the learners’ cognitive load for memory work, since learners 

need to search and recognize useful information for their learning and finally find that there is 

no valuable information for them. It is really waste of time and energy for both designers and 

learners. Therefore, the consistency of learning objectives and multimedia materials and 

environments is also an important factor. 

Learning activities are the main manners of learners’ learning. The real process of learning 

is learners are involving in learning activities. Multimedia learning materials and environments 

which need to engage into learning activities can promote learning. Therefore, the consistency 

of learning activities and multimedia materials and environments is also a vital factor which 

should be considered during the design process. The learning activities can be divided into 

independent and collaborative learning activities. Obviously, there are differences between 

these two learning manners. For independent learning, learners are learnt by themselves. They 

need to cover all the information from the multimedia materials or environments. Therefore, 

the amount of information must be limited according to individual’s acceptance ability and 

cognitive load. However, for collaborative learning, each group member can take charge of one 

part of the whole learning task. The information can also be divided for different members of 
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the group. Therefore, the formats and contents of multimedia materials and environments can 

be various.  

     The design of multimedia materials and environments is only part of the whole 

instructional design. Therefore, there are also other factors in the design which may have 

relationship with the design of multimedia materials and environments. The principle of 

consistency may also appropriate for these relations. It is also a reminder that the design of 

multimedia materials and environments should be involved in the process of the whole 

instructional design and well coordinate the relationship between multimedia materials and 

environments and other elements’ design. 

3. Conclusion 

Many factors may influence the effect of multimedia materials and environments on 

learning. If we cannot master any principles, the effect may be negative and increase learners’ 

cognitive load. Besides the factors mentioned above, there are still other factors we should also 

consider in the design of multimedia learning. For instance, from the view of instructors, 

besides conducting the instruction, they also need to provide help in the process of learners’ 

multimedia learning. Multimedia learning needs basic technological knowledge and skills. 

Learners may need help to be familiar with these designed and customized multimedia 

materials or environment for certain instruction or training. For subjective factors, there are 

also the providers of multimedia platforms or designing tools. It can also influence the learning 

effectiveness and efficiency. However, in the paper, based on the cognitive theory of 

multimedia learning (Mayer & Moreno, 2002), including dual-channel cognitive theory and 

cognitive load theory. The discussion is from the view of subjective and objective. For the 
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subjective factors, the focus is only on the learners according to the theory, including learners’ 

prior experience, visual-spatial skills, learning ability and motivation and emotions. The 

objective factors consist of formats of multimedia learning materials and environments and the 

consistency of learning objectives, learning activities and multimedia materials and 

environments. Many fruits of current studies have been mentioned in the paper, while the 

conclusion needs further empirical studies.  
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