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Abstract 

The purpose of this study was to investigate the effects of cueing and prior 

knowledge on college students’ learning (retention, transfer and matching), mental load, 

and study time of studying an animation with narration. This study employed a 4x2 

between-subject factorial design with four levels of cueing (no cueing, label cueing, 

picture cueing, and  label and picture  cueing) and two levels of prior knowledge (low vs. 

high). A total of 200 volunteer undergraduate college students from various majors in the 

Southwest University participated in this study.  The experiment conducted in two 

phases. In the first phase, the prior knowledge test was administered to assess students’ 

knowledge on a biology subject “Photosynthesis” one week before the experiment. In the 

second phase, students were randomly assigned to one of four experimental conditions: 

no cueing, label cueing, picture cueing, and label and picture cueing. The participants 

studied the animation about photosynthesis individually.  After studying the instructional 

material, each participant completed the computer-based assessments consisting of the 

retention, transfer, matching and mental load tests. Participants were given unlimited time 

to answer these tests.  

Data was analyzed by using two-way MANOVA, one-way MANOVAs and two-

way ANOVAs. The results revealed that prior knowledge has a significant effect on 

retention and mental effort. High prior knowledge participants significantly outperformed 

in retention test and invested more mental effort than low prior knowledge participants. 

However, prior knowledge effect was not significant on transfer, matching, and study 

time. Moreover, no interaction effect between cueing and prior knowledge on dependent 
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variables was found. The results also revealed that there was no significant effect of 

cueing on the college level students’ achievement (retention, transfer and matching), 

mental load and study time.  
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CHAPTER I 

Overview of the Study 

Introduction 

 Technology has an effect in many aspects of our lives such as in economy, social 

life, and especially in education. When we look at the educational technology, we can see 

the impacts of technological innovations in our education. From 1911 to 1950s, we were 

exposed to  instructional films, radio and television. As early as the 1950s, computers 

were introduced into the field of educational technology (Berg, 2003). However, the 

value of computers in education has been debated since the mid-1960s when mainframe 

computers first came to high schools. The invention of the microcomputers in the 1970s 

changed the expectations from the computer-technology in the learning process (Rogers, 

2002). The computers were seen as the control mechanism of what was being taught and 

how it was to be learned. So, Computer Assisted Instruction (CAI) was assumed to play 

an instrumental role for computing in the learning and teaching process. Early application 

of the CAI presented the information to the students, set questions and gave the correct 

responses.  Typically, the computer usage was based on a rote approach in teaching and 

learning. Several studies done in the 1980s showed that CAI resulted in rote learning 

(Grabe & Grabe, 1996). By the mid-1980s other roles of the computer technology were 

introduced. Advances in the technology during recent years has emerged the multimedia 

learning which is learning from words and images (Mayer, 2005a). Thus, multimedia 

instruction has become one of the popular areas of instructional research and practices 

which has caught the attention of most researchers (Clark & Feldon, 2005). 
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 Multimedia learning environments have the ability to present the information in 

textual, graphical, and audible forms (Mayer, 2001). This allowed the instructional 

designers to create more effective and richer learning environments.  However, the design 

of multimedia instruction is crucial in order to provide effective instruction to the 

learners. According to multimedia principle, people learn better when the information is 

presented with text and pictures than with words alone (Mayer, 2005a). In some 

situations, using only words with pictures is not necessary to enhance the learning. 

According to Cognitive Load Theory (CLT) and Cognitive Theory of Multimedia 

Learning (CTML), the human mind has limited capacity of processing the information in 

the working memory at the same time (Mayer, 2001; Sweller, 2005; Sweller, van 

Merrienboer & Pass, 1998). Therefore, only presenting the information with multiple 

modalities is not enough to ensure the superior performance when we consider the 

limitations of the human cognitive system (Ginns, 2005; Sweller et al., 1998). As an 

initiative to ensure the superior performance in multimedia learning environments, recent 

research studies have begun to focus on the use of strategies to reduce extraneous 

cognitive load and enhance the intrinsic cognitive load.  

 Recent advances in the computer technology and software have increased the use 

of dynamic visualizations, such as animation and video, in multimedia learning 

environments by the designers to help the learners enhance their recall of complex 

dynamic systems and their understanding of the materials (Lowe, 2004). Thus, 

educational researchers have paid considerable amount of attention to learning from 

animations (Ploetzner & Lowe, 2004).  Despite the extensive use of animations, there is 
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little evidence showing that animations are superior than static pictures. Instinctively, we 

expect that animations enhance better learning in the behavior of complex systems 

involving the changes of positions and objects over time than static visualizations. 

However, in an extensive review, Tversky, Morrison and Betrancourt (2002) found 

animations are no more effective and facilitate learning better than do static diagrams. 

However, animations may result in better learning than static visualizations under some 

conditions, such as, for the comprehension of processes or procedure. (Hoffler & Leuther, 

2007). Betrancourt (2005) suggested five design principles derived from the available 

research studies in designing animations to optimize their effectiveness: apprehension 

principle, congruence principle, interactivity principle, attention-guiding principle, and 

flexibility principle. Several studies highlighted the importance of cueing in selecting and 

understanding the graphical information from animations (Canham & Hegarty, 2010; 

DeKoning, Tabbers , Rikers & Paas, 2010; Schnotz & Lowe 2008). According to the 

attention-guiding principle, it is crucial to guide the learners’ attention toward the 

important elements in the animation at the right time (Betrancourt , 2005). 

 Besides cueing, individual difference needs to be considered in instructional 

design (Betrancourt, 2005; Kalyuga, 2009; Kalyuga, 2005; Mayer, 2001). Design 

principles that are effective for low-knowledge learners may not help or hinder high-

knowledge learners (Kalyuga, 2005). Most of the design principles do not specify the 

learner knowledge levels. These are also only tested with low-knowledge level learners 

(Kalyuga, 2005). Thus, while we are trying to enhance the learning with these design 

principles, we might hinder some of their learning.  
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Statement of the Problem 

In recent years, advances in technology led to the enrichment of the multimedia 

learning environments with dynamic visualizations, such as animations. Instructional 

designers and educational practitioners think that compared to static pictures, animations 

have too many advantages, especially giving motion, trajectory information and abstract 

domains (Betrancourt, 2005; Mayer & Moreno, 2002). Additionally, animations can 

present a realistic representation of the work of dynamic systems in a realistic 

visualization, due to its capacity of showing both the movement, changes and object 

trajectory in a single visual (De Koning, et al., 2010). However, little evidences were 

found to support the superiority of the animation over static pictures (Betrancourt, 2005; 

Betroncourt & Tversky, 2000; Tversky et al., 2002). The potential explanation for this is 

that animations require high levels of cognitive processes. According to the CTML, for 

meaningful learning to occur from animation with narration, the learners are required to 

select the relevant words from the narration, select the visual features from the visual 

display, organize the words and pictures into a mental model and integrate verbal and 

visual representations (Mayer, 2009). However, people might have a difficult time to 

select the relevant visual feature of the visual display that corresponds to the narrated 

information within a limited time (Jamet, Gavot & Quaireau, 2008).  

Betrancourt (2005) suggested the attention-guiding principle in selecting the 

graphical information from animation. Although several studies highlighted the 

importance of cueing in selecting and understanding the graphical information from 
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animations (e.g. Canham & Hegarty, 2010; DeKoning, et al., 2010; Schnotz & Lowe 

2008), there is a limited number of studies examining the cueing in animation (de 

Koning, Tabbers, Rikers & Paas, 2009). Moreover, the evidence of the effectiveness of 

cueing in animations is mixed. It is still questionable under which conditions cueing in 

animations will be effective (de Koning et al., 2009). 

In addition to controversial results, duration of the animations is short in the 

available research studies (i.e. de Koning et. al, 2009; de Koning et al., 2010). Therefore, 

there is an urgent need to conduct further studies examining the effects of cueing in 

animation in educational tasks with longer duration time. 

Mayer (2009) stressed that too much cueing might be detrimental for meaningful 

learning, so the appropriate amount of cueing that we need to use should be investigated. 

In addition to the amount of cueing, the level of expertise may have an influence on the 

effectiveness of cueing in animations (Mayer, 2009). Thus, who benefits more from cues 

is another question that needs to be investigated. Clearly, there is a need to determine the 

effects of cueing and prior knowledge (low vs. high) in an animation with narration.   

Purpose of the Study 

 Because of the increase in the use of animation in multimedia learning 

environments in the field of education, the need of effective design strategies of 

animations in regard to how the human mind works has become apparent. The purpose of 

this study was to investigate the effects of (1) cueing (no cueing, label cueing, picture 

cueing, and label and picture cueing) and (2) prior knowledge (low vs. high) on the 
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learning (retention, transfer, and matching),  mental load, and the study time of college 

students studying an animation with narration.   

 In the literature, the effectiveness of verbal cueing is empirically supported by 

many research studies, but only a few studies investigated the effects of visual cueing on 

learning (Mayer, 2009). Mayer also stressed that too much cueing hinders learning, so 

research is needed to determine the amount of cueing which should be used. Moreover, 

the level of expertise might have a strong influence on the effectiveness of cueing. 

Cueing might be more effective for lower-skilled learners (Mayer, 2009), so further 

research is needed to understand the role of learners’ prior knowledge in multimedia 

learning.  

Significance of the Study 

There are too many educational programs in the markets in the fields of science, 

mathematics, foreign languages, etc. Additionally, numerous textbooks are accompanied 

by supplementary web-based materials or supplementary CD-ROMs presenting content 

in multiple modalities to allow learners to gain knowledge by themselves or do more 

individual practices.  The attention has been shifted to the effective design of the 

multimedia learning environments to enhance the learning in these programs. The correct 

design and development of multimedia learning environments in the light of how the 

human mind works has became a crucial issue in the instructional technology field. 

Although there are too many educational programs presenting the contents in 

multiple modalities and using dynamic visualizations in the markets, the design and 
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development of these multimedia learning environments in the light of how the human 

mind works is still in its infancy. By conducting this experimental study, it will greatly 

contribute to the literature on the effective design of dynamic visuals, animation, in the 

multimedia learning environment for meaningful learning.  

One of the most important issues in the multimedia learning is the cognitive load. 

In some situations, using words and pictures might not be enough to enhance the 

learning, because the working memory has limited capacity of processing the information 

at the same time. Working memory can hold about seven items at a time (Miller, 1959). 

Thus, learners may become overwhelmed by the presented information which needs to be 

processed simultaneously. Mayer (2009) suggested several principles to overcome this 

cognitive load. One of these techniques is cueing, which is providing cues to students on 

the most effective and efficient way to process the materials (Mautone & Mayer, 2001). 

Although the effectiveness of cueing had been proved with many research studies, only a 

few studies have investigated the use of cueing in animation. In this regard, this study 

will extend the literature on the effects of cueing in animation with narration on learners’ 

performance, mental load, and the span of study time.  

Another limitation of the previous studies is the knowledge level of the 

participants. Cueing principle was examined with low knowledge learners. However, 

with the development of expertise, the cueing might hinder their learning. Moreno (2007) 

stressed that understanding the role of students’ individual differences in learning from 

animations is still in its infancy and needs further investigation (Moreno, 2007). Thus, 
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this study will fill this gap by showing who benefits most from cueing. Moreover, too 

much cueing might not be helpful for learning. Therefore, this study will help clarify how 

much cueing is needed to enhance learning. 

A practical contribution of this research is to provide empirical data establishing 

the effectiveness of using cueing in animation with narration to promote meaningful 

learning. The results of this study will benefit the designers of the multimedia learning as 

well as educational practitioners. 

Research Questions 

This study focused on the following research questions: 

1. What are the effects of cueing and prior knowledge on the achievement of college 

students studying a multimedia computer lesson? 

2. What are the effects of cueing and prior knowledge on the mental load of college 

students studying a multimedia computer lesson? 

3. What are the effects of cueing and prior knowledge on the study time of college 

students studying a multimedia computer lesson? 

4. Does cueing interact with prior knowledge to affect the achievement, mental load, 

and study time of college students studying a multimedia computer lesson? 
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Assumptions 

For this study the following assumptions were made; 

 All the participants studied the instructional material attentively.  

 All the participants gave accurate responses to all measures. 

 Experimental conditions and procedures were identical in all data collection 

sessions. 

 The data was accurately collected, recorded and analyzed. 

 The instruments in the study were valid and reliable to make accurate measure 

of the study concepts. 

Limitations 

 This study has its own limitations. First, the aim of instructional material is to 

teach photosynthesis, light dependent and light independent reactions, to the college 

students with narrated animation. So, the content is only limited to the plant biology 

subject, photosynthesis. This topic was selected due to its complexity and it is taught in 

the high school biology and college-level plant biology courses. Second, the duration of 

instructional animation is approximately 10 minutes and includes many terminological 

terms. Thus, the participants’ motivation and attention might have been lost. Third, data 

was collected from undergraduate college students enrolled in an introductory computing 

and information technology course at a large university in the Southwest. This sample 

was selected due to its convenience. They were coming from different majors, including 
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social sciences, engineering and sciences. Although they were categorized based on the 

mean score of their prior knowledge test scores, the study participants might not have the 

motivation to study the topic, photosynthesis. Fourth, to assess the mental effort, 

subjective self-rating mental load scale developed by Pass (1992) was used. Although, it 

has been successfully used in experimental situations and they indicated that subjective 

self-rating mental load scale is a reliable and valid instrument, subjective interpretations 

of the scale might differ, thus, it may not fully reflect cognitive load. Fifth, the study 

examined short-term learning outcomes after studying the instructional material. The 

participants were exposed to the intervention for approximately 10 minutes followed by 

an immediate retention, transfer and matching tests. Long term effects of the intervention 

were not measured in this study. Sixth, validity of the study was limited to the honesty of 

the students’ responses to the instrument. 

Definitions of Terms 

In this study, the following terms are referred to and used as defined below: 

Animation. A serious of frames creating the continuous change over time in order 

to show motion or the process of the task. 

Cognitive load.  The total amount of cognitive activity imposed on working 

memory by information being presented (Sweller, 2005). 

Cognitive Load Theory. A learning and instructional theory that describes the 

instructional design principles based on the assumptions about human cognitive 
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architecture  that specifically addresses the permanent knowledge base of long term 

memory and the limitations of working memory (Kalyuga, 2011; Sweller,2004; Van 

Merriënboer & Ayres, 2005). 

Cognitive Theory of Multimedia Learning. A theory which provides guidelines 

and principles on how to design multimedia instructions which leads to meaningful 

learning. It is based on the Paivio’s dual coding theory (Paivio, 1986), Baddeley’s model 

of working memory (Baddeley & Hitch, 1974) and Sweller’s cognitive load theory 

(Sweller, 1994).  

Dual Coding Theory. A theory which is based on the view that cognition includes 

two distinct subsystems: a verbal system and non-verbal system (Paivio, 1986). 

Prior knowledge principle. Multimedia design principle which helps low prior 

knowledge learners may not help, or hinder high prior knowledge learners (Kalyuga, 

2005). 

Extraneous cognitive load. A cognitive load caused by the cognitive processes 

which are not necessary for learning. 

Germane cognitive load.  A load directly related to schema construction and 

automation (Sweller et al., 1998). 

Intrinsic cognitive load. A cognitive load caused by the natural complexity of the 

information which has to be understood and material which has to be learned (Sweller, 

2010). 
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Long term memory. An unlimited storage of human cognitive system (Sweller et 

al., 1998).   

Multimedia learning. Learning from pictures and words (Mayer, 2001).  

Cueing. Adding non-content cues to direct the attention to the essential elements 

of the presented material. 

Verbal cueing. Adding non-content cues to the verbal information, such as 

underlining, bold-face or headings, etc. 

Visual cueing. Adding non-content cues to the visual representations (Lin & 

Atkinson, 2011) such as, increasing the limunance of specific objects, adding arrows, 

changing the color, etc. 

Working memory. A temporary storage system under attentional control 

(Baddeley, 2007). 
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CHAPTER II 

Literature Review 

Introduction 

 In order to understand the effects of cueing and the importance of prior 

knowledge in designing multimedia learning environments, it is important to have a good 

understanding of the theories, principles and research findings that have been developed 

by previous scholars in the field. Many theories underscore the theoretical basis of this 

study which investigated the effects of cueing and prior knowledge on the  achievement, 

mental load and study time of college students. The primary theory underlying this study 

is Mayer’s Cognitive Theory of Multimedia Learning (CTML) (Mayer, 2001). His theory 

is based on the Paivio’s dual coding theory (Paivio, 1986), Baddeley’s model of working 

memory (Baddeley & Hitch, 1974), and Sweller’s cognitive load theory (Sweller, 1994). 

Moreover, prior knowledge principle of multimedia learning (Kalyuga, 2005) and cueing 

principle of multimedia learning are the essentials of this study (Mayer, 2001). Therefore, 

this chapter provides an overview of the literature on these topics. 

Multimedia Learning  

For many years, words have been used as a main format to present the 

information. This means that verbal modes of presentation were dominated in the 

education. Advances in graphics technology have provoked the use of visuals to present 
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the information. This leads to the need for understanding the potential effects of 

multimedia use to promote learning (Mayer, 2009).    

People might define multimedia learning differently. For some, it is learning from 

a PowerPoint presentation consisting of pictures, animations and explanation of each 

slide by the presenter. For others, it is learning from a video on the television. Even 

textbooks including printed text and graphics can be also called a multimedia learning. In 

fact, these are all different types of multimedia learning. Generally, multimedia learning 

refers to learning from both pictures and words (Mayer, 2001). A word means any 

information in verbal form such as spoken or written text. Pictures can be presented in the 

form of static graphics, such as photographs, charts, or illustrations, or in the form of a 

dynamic picture, such as an animation or video and words can also be presented in the 

form of a text or speech. In this study, the multimedia learning environment includes an 

animation of how photosynthesis occurs and a simultaneous narration by an English 

native female voice explaining the process. 

Recent advances in technology have increased the use of multimedia technologies 

to improve learning. Multimedia learning environments have the ability to present the 

information in textual, graphical and audible forms. The multimedia principle states that 

“people learn better from words and pictures than from words alone” (Mayer, 2009, 

p.223 ). Mayer and Moreno (2002) asserted that computer-based multimedia learning 

environments, including pictures and words, maximize the students’ understanding. 

However, simply adding pictures to the text is not enough to enhance learning.  It is 
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important to design the task in the light of how the human mind works. In this sense, 

Dual Coding Theory, Working Memory Model, Cognitive Load Theory and Cognitive 

Theory of Multimedia Learning provided the foundation for understanding the 

effectiveness of multimedia learning with the human cognitive architecture. 

Dual Coding Theory  

 Dual Coding Theory (DCT) was developed by Paivio in 1971 and with the 

advances in technology it was updated in 1986. This theory is based on the view that 

cognition includes two distinct subsystems: a verbal system and a non-verbal system. 

Whereas a verbal system is directly dealing with language, a nonverbal system deals with 

nonverbal objects and events (Paivio, 1986). These systems are assumed to be consisted 

of hypothetical representational units, imagens and logogens.  Logogens refers to verbal 

entities (words or texts), whereas imagens refers to natural objects and holistic parts of 

objects. These internal representational units are functionally independent which means 

one system can be active without the other or both being active at the same time (Paivio, 

1986).  Moreover, these subsystems are interconnected, so that verbal information can be 

converted to nonverbal information or vice versa, allowing the dual coding of 

information (Klatzky, 1980). Another assumption of DCT is that human cognition is 

unique in which language and nonverbal objects and events are processed at the same 

time in different systems (Clark & Paivio, 1991). Furthermore, verbal and nonverbal 

systems are connected to sensory input and response output systems (Paivio, 1986). 

Figure 2.1 shows the schematic depiction of the verbal and nonverbal systems.  
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Figure 2.1. Schematic depiction of verbal and nonverbal systems of DCT. Adapted from 

Mental representations: A dual coding approach. By A. Paivio (Eds.), 1986,  New York, 

NY: Oxford University Press ; Clarendon Press. Adapted with permission. 

DCT emphasized three components of learning based on two distinct subsystems; 

the way information is received, processed and stored in the human cognitive architecture 

(Paivio, 1986). Nonverbal and verbal information is received along distinct channels into 

the human brain (Clark & Paivio, 1991). Verbal information can be described as abstract 

information as a language. Text and narration are the most common forms of verbal 
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information. Nonverbal information includes static or dynamic images and graphics. 

Each channel also has limitations. 

Processing the information is the second component of learning. Once the 

information enters through the verbal and nonverbal channels, the information is 

processed in the verbal or nonverbal system (Paivio, 1986).This information is 

represented in the representational units, logogens and imagens. Paivio suggests three 

levels of processing: representational, referential and associative. Representational 

processing refers to the direct activation of verbal representations or non-verbal 

representations by corresponding verbal or nonverbal stimuli.  

Referential processing refers to “the activation of the nonverbal system by verbal 

stimuli or the verbal system by nonverbal stimuli” (Paivio, 1986, p.69). It is a crossover 

activity of connecting the received nonverbal information with verbal information which 

is received or the received verbal information with nonverbal information which is 

received (see Figure 2.1). Naming the objects with its image is an example of referential 

processing. 

Associative processing refers to “the activation of representations within either 

system by other representation within the same system.”(Paivio,1986, p.69). It is a 

systematic activity of   connecting verbal information with other verbal information or 

connecting nonverbal information with other nonverbal information. It is represented as a 

associative structure in figure 2.1. Paivio (1986) stressed that any or all of these 

processing might be required in a given task.   
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The last component of learning is storing the information. After the information is 

coded as logogen or imagens, they can be chunked together and stored as a schemata in 

the human mind.  

Model of Working Memory  

Baddeley maps the Paivio’s DCT with his investigation of working memory 

(WM). His investigation emphasizes the limits of working memory and sensory 

information processing. In 1974, Baddeley and Hitch  proposed a model of working 

memory considering the Atkinson and Shiffin (1968) information processing model as an 

evolution of  information processing model (Baddeley, 1992). According to the model of 

WM, working memory is a temporary storage system under attentional control 

(Baddeley, 2007). It provides simultaneous processing of the information necessary for 

complex cognitive tasks, such as language comprehension, learning, and reasoning 

(Baddeley, 1992). Like all existing models, the model of WM assumes that WM is 

limited in its capacity.  

Baddeley and Hitch (1974) proposed a tripartite system of WM consisting of 

central executive and two subsidiary slave systems: the visuospatial sketch pad and the 

phonological loop (Figure 2.2).  Baddeley (2000) revised the original model and has 

made the addition of fourth component, the episodic buffer, in WM (Figure 2.3). The 

revised model focuses on the process of integrating information from the subsidiary 

systems (Baddeley, 2000). Moreover, it also provides a better explanation to the complex 

function of the central executive.  
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Figure 2.2.Working memory model. Adapted from The psychology of learning and 

motivation: Advances in research and theory by G.A. Bower, 1974, New York: 

Academic Press. Copyright 1974 by the Academic Press. Adapted with permission. 

Central executive is the most important component of the model of WM 

(Baddeley, 2007) (see Figure 2.3). It is defined as an attentional control system directing 

the way cognitive resources are allocated to processing tasks (Baddeley, 1992). Its 

function is like a traffic control system or computer operating system, which governs the 

visuo-spatial sketch pad and the phonological loop (Baddeley, 1986). Baddeley (1996a) 

identified four executive processes which are: (1) to focus attention, (2) to divide 

attention, (3) to switch attention and (4) to yield a link between working memory and 

long-term memory. Although the central executive does not retrieve information from the 

LTM, it is thought to coordinate information flow from a number of different sources and 

selects information to manipulate into working memory processing (Baddeley, 2007). 

The phonological loop is the simplest and most investigated of working memory. 

It is defined as a short-term store which is capable of holding auditory, primarily speech-

based, information (Baddeley, 2000). It is assumed to comprise of two components: a 

phonological store and an articulatory rehearsal system. The phonological loop can hold 

acoustic or speech-based information but it fades away after one or two seconds. The 

traces can be maintained within the phonological store by subvocal articulatory rehearsal, 
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which is repeating something to oneself with an inner voice. This system has two 

functions: to keep the material in the phonological store by sub-vocalization and to get 

the visually presented materials, words and pictures, to phonological store by sub-

vocalization (Baddeley, 1992, 1996b). 

 

 

 

 

 

Figure 2.3. Revised version of working memory model. Adapted from “Working 

memory, thought and action”, by A.D. Baddeley, 2000, Trends in Cognitive Sciences,4, 

pp.421. Copyright 2000 by the  Cell Press. Adapted with permission. 

The visuo-spatial sketch is another short-term store which is capable for holding 

visually based information (Baddeley, 2000). It performs the same function as 

phonological loop for visual or spatial information. Unlike the phonological loop, it is 

principally presented within the right hemisphere of the brain (Baddeley, 2007). 

Finally, the episodic buffer is assumed to be a limited-capacity temporary storage 

system which is capable of combining information from the loop, the sketchpad, long-

term memory or perceptual input into coherent episodes (Baddeley, 2000). It serves as an 
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interface between the subsystems of working memory and long-term memory (Baddeley, 

2007).  The episodic buffer is assumed to act as an important role where conscious 

awareness is crucial. The principal mode of access to the buffer is assumed to act as 

conscious awareness. It differs from LTM in being a temporary storage. 

Cognitive Load Theory  

Cognitive Load Theory (CLT) which was proposed by John Sweller in the late 

1980s is a learning and instructional theory that describes the instructional design 

principles based on the assumptions about human cognitive architecture that specifically 

addresses the permanent knowledge base of long term memory (LTM) and the limitations 

of working memory (WM) (Kalyuga, 2011; Sweller, 2004; Van Merrienboer & Ayres, 

2005). Its main concern is the learning of complex cognitive tasks, where learners might 

become overwhelmed by the number of informational elements that must be processed 

simultaneously before meaningful learning can occur (Paas, Renkl & Sweller, 2003; 

Sweller, 1988, 1999). In this sense, CLT has been designed to provide guidelines which 

assist the effective presentation of the content in a manner that enhances meaningful 

learning in complex cognitive domain (Sweller et al., 1998). 

One of the basis of cognitive load theory is the limited capacity (Baddeley, 1992; 

Miller, 1956) and duration of the WM. WM is defined as a bottleneck of human cognitive 

system in which information can be processed, rehearsed, elaborated, used for decision 

making, lost or stored in long-term memory (Sweller, 2005).  It can hold only about 

seven, plus or minus two, items or elements of information at a time (Miller, 1956). 
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However, it can operate only two to four elements of information simultaneously in the 

sense of compare, contrast or organize. The duration of WM is also limited. According to 

Peterson and Peterson (1959), WM is capable of holding most of the information for a 

few seconds, but almost all of the information in WM is lost within 20 seconds if not 

rehearsed intentionally. If these limits are exceeded, the learners become overloaded and 

their learning is severely hindered. CLT views these constrains of WM as determinants 

for effective instructional design (Sweller et al., 1998). The underlying reason for the 

importance of the WM is a responsible structure in conscious cognitive activities in a 

learning process. If the information is not brought to WM, the cognitive functioning is 

hidden from view (Sweller, et al. 1998). 

Fortunately, when the information in the LTM is used, the WM has no known 

limitations (Ericsson & Kintsch, 1995; Sweller, 2004). Unlike WM, LTM has the 

capability to store unlimited amounts of information (Sweller et al., 1998). LTM is 

defined as a complex and permanent storehouse which stores knowledge about the 

environment and our experiences (Baddeley, 1986).  LTM stores this knowledge in the 

form of schemas (Paas et al., 2003). Schemas are cognitive constructs which organize the 

large amount of information and categorizes them into a single element (Sweller & 

Chadler, 1994; Sweller, 2005). Schemas have several functions in the learning process. 

Schemas stores information in the LTM permanently. In addition, they can act as a 

central executive system (Van Merrienboer & Sweller, 2004). It organizes information 

which should be processed in WM.  It is under these circumstances that there are no 

known limits on the amount of information that can be processed in the WM (Sweller et 
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al., 1998; Van Merrienboer & Sweller, 2004), although WM can process only a limited 

number of elements at a time.  Multiple elements of information is seen as a single 

element in WM. 

 After being sufficiently applied, schemas become automated (Kalyuga, Ayres, 

Chandler & Sweller, 2003; Sweller & Chadler,1994; Sweller et al., 1998). Automation 

allows cognitive processes to be done unconsciously (Sweller, 2005). Automated 

schemas do not need to be processed in WM, therefore, it reduces the WM load and frees 

up the WM capacity for more cognitive processes by automation (Sweller et al., 1998; 

Van Merrienboer & Sweller, 2005). The learner can complete a task without automated 

schema but it might not be as efficient nor as accurate as tasks achieved through 

automation. 

Human expertise is defined as the knowledge stored in the LTM as schemas, not 

from an ability of processing many elements which are not stored in the LTM (Van 

Merrienboer & Sweller, 2004). Thus, with the development of expertise in a specific 

domain, learners’ performances and learning significantly change (Kalyuga, 2009). Due 

to the absence of relevant prior knowledge, low prior knowledge learners have to deal 

with a large number of elements of information in the WM which might result in WM 

overload (Kalyuga, 2009).  In contrast, high prior knowledge learners retrieve the 

information from LTM to handle a task, so their WM does not have severe limitations for 

knowledge processes. Schema extremely reduces the load in the working memory 

because even a high-level schema is processed as one element in the WM. Learners are 
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particularly poor at complex reasoning unless most of the elements with which they 

reason have previously been stored in LTM (Sweller et al., 1998). Recent research studies 

of the difference in low and high prior knowledge learners in a different context have 

emphasized the critical importance of LTM as a basis of intellectual skill. 

CLT suggests that for effective instruction care must be taken to diminish the 

working memory in order to facilitate construct and the automation of schemas (Sweller 

et al., 1998; Sweller, 2005). Furthermore, the primary concern of CLT is “the ease with 

which information may be processed in WM” (Sweller et al., 1998, p.259).  

CLT considers three types of cognitive load which either enhances learning or 

interferes with learning: intrinsic, extraneous and germane load. CLT specifies 

instructional design principles for managing these cognitive loads for effective learning 

and better performance (Kalyuga, 2011). 

Intrinsic load is defined as a cognitive load caused by the natural complexity of 

the information which has to be understood and material which has to be learned 

(Sweller, 2010). The magnitude of intrinsic load is measured by the level of interactivity 

between the essential elements of the information being processed in WM at the same 

time (Sweller, 1994). When the level of interactivity of the task is low, it can be learned 

in isolation. This means that the elements can be learned serially instead of 

simultaneously. Thus, working memory load, due to the complexity of the information, is 

low. In contrast, high-element interactivity materials cannot be learned in isolation. 
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Interconnected elements must be manipulated in the WM simultaneously. Thus, the 

higher the element interactivity, the higher the cognitive load (Sweller, 2010). 

In addition to the complexity of the material, intrinsic cognitive load depends on 

the expertise level of the learner in the domain (Van Merrienboer & Ayres, 2005). 

Learners who have high prior knowledge already have schemas in the LTM. Thus, these 

schemas are treated as a single element in the WM which imposes minimal working 

memory demands, especially when it is automated (Sweller et al., 1998). For this reason, 

the only way to promote the learning of high element interactivity material is to enhance 

schema construction (Van Merrienboer & Sweller, 2005). 

Even though intrinsic load is related to the level of learner expertise and the 

nature of the material, to manage it, some researchers have asserted that intrinsic load 

cannot be managed by instructional designers (Van Merrienboer & Sweller, 2005). Other 

researchers, however, have argued that it can be controlled by omitting some of the 

interacting elements in the first stage of the instruction, segmenting the original task and 

pre-training the learners (Kalyuga, 2011). Sequencing instruction in a simple-to-complex 

manner and scaffolding instruction are two other tested methods for managing intrinsic 

load (Van Merriënboer, Kirschner, & Kester, 2003). 

The second category of cognitive load, the extraneous load, is directly related to 

the instructional design. Extraneous load is the core of the CLT and mostly investigated 

cognitive load effect within this framework. It is caused by the cognitive processes which 

are not necessary for learning (Kalyuga, 2011). It is associated with the inappropriate 
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message design and inappropriate presentation of instructional material in which working 

memory capacity was used for activities that are not relevant to schema acquisition or 

automation. Different instructional message designs and different learning materials 

require cognitive capacity in the WM which do not contribute to learning.  For example, 

if a textual explanation of a diagram is placed far from the diagram, their integration 

might require searching and matching and holding the information in the WM while other 

related information is attended. These processes might increase the unnecessary 

processes in the WM.   

Extraneous cognitive load and intrinsic cognitive load are affiliated. Extraneous 

cognitive load effects might be less important when the intrinsic load is low, because 

total cognitive load might not overload the WM capacity (Paas et al., 2003). If intrinsic 

load is high, extraneous load should be decreased (Van Merrienboer & Sweller, 2005). 

The last cognitive load is the germane load which is a load directly related to 

schema construction and automation (Sweller et al., 1998). Whereas extraneous load 

hinders learning, germane load enhances learning (Paas et al., 2003). It is assumed to be 

essential for understanding and storing the presented information. Although it is related 

to the way of instructional design, it is only concerned with the learners’ characteristics 

(Sweller, 2010).  Unlike intrinsic and extraneous cognitive load, germane load does not 

form an independent source of cognitive load (Sweller, 2010). It refers to the working 

memory resources devoted to the essential interacting elements of information associated 
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with cognitive load (Kalyuga, 2011). Also, it is not dependent on the information 

presented (Sweller, 2010).  

CLT proposes these three types of cognitive load (i.e., intrinsic, extraneous, and 

germane) which are additive in nature. When the extraneous cognitive load is high, the 

less working memory resources are devoted to intrinsic cognitive load. Thus, fewer will 

be devoted to the germane cognitive load. The central tenet of CLT is to design 

instruction with an optimal level of complexity (i.e. intrinsic load), a minimal level of 

working memory load which is not necessary for learning (i.e. extraneous load) and an 

optimized level of cognitive load which facilitates learning (i.e. germane load) (Van Gog, 

Paas & Sweller, 2010). 

Cognitive Theory of Multimedia Learning   

Based on the current assumption of how people learn, Cognitive Theory of 

Multimedia Learning (CTML) was developed by Mayer (2001). It is based on engaging 

the active cognitive processing for meaningful learning (Mautone & Mayer, 2001). 

CTML provides guidelines and principles on how to design multimedia instructions 

which leads to meaningful learning. This theory is based on the Paivio’s (1986) DCT, 

Baddeley’s model of WM (Baddeley & Hitch, 1974) and Sweller’s (1994) CLT.  

Figure 2.4 represents the human information-processing system according to the 

CTML. It is represented as a series of boxes and arrows. The big rectangular boxes 

indicate the memory stores which are sensory memory, working memory and long term 

memory. Two rows represent the dual-channels, with the auditory/verbal channel in the 
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first row and visual/pictorial channel at the bottom. The arrows represent the cognitive 

processes.  The arrow from word to eye indicates the action of the printed text entering 

through the eyes.  

 

 

 

 

 

Figure 2.4. Cognitive theory of multimedia learning. Adapted from Multimedia learning 

(p.61), by R.E. Mayer, 2009,New York: Cambridge University Press. Copyright 2009 by 

the Cambridge University Press. Adapted with permission. 

When the verbal or visual information comes in from the environment, auditorial 

information (i.e. narration and background sound) and visual information (i.e. printed text 

and pictures) enter the sensory memory through the eyes and ears. Sensory memories 

hold the exact pictures and printed text for a very brief period of time. Then, relevant 

words or images are selected and sent to the WM where the information is consciously 

processed. WM is a temporary storage and manipulation system. The left side of the WM 

indicates the raw material which gets into the WM, whereas the right side of the WM 

shows the mental models (i.e. verbal and pictorial model) that are the knowledge 

Ears 

Eyes Images 

Verbal 
Model 

Pictorial 
Model 

MULTIMEDIA 
PRESENTATION 

SENSORY 
MEMORY WORKING MEMORY 

LONG-TERM 
MEMORY 

Words 

Picture 

Sounds 

Prior 
Knowledge 

selecting 
words 

selecting 
images 

organizing 
words 

organizing 
images 

integrating 



Texas Tech University, Ismahan Arslan-Ari, May 2013 
 
 

29 
 

constructed in the WM. Then, learned knowledge is stored in the LTM which is an 

unlimited storehouse of the human cognitive system.  

CTML proposes three assumptions which are dual channel, limited capacity and 

active learning (Mayer, 2009).  According to dual channel assumption, the human 

information processing system consists of two channels which learners receive and 

process information for visually represented material (e.g. on-screen text, pictures and 

graphs) and auditory presented material (e.g. narration and background sound) (Mayer, 

2001). This assumption is the main feature of Paivio’s (1986) DCT and Baddeley’s 

(1992) model of WM.   

The second one is the limited capacity assumption. According to this assumption, 

people have limited capacity to process information in each channel at any one time 

(Mayer, 2005b).  This means that when an animation with narration is presented, only a 

few images can be processed in the visual channel and only few spoken text can be 

processed in the auditory channel at one time. This assumption is the basis of the 

Sweller’s (1998) CLT and Baddeley’s (1992) model of WM.   

The third assumption, active learning, is that humans are actively engaged in the 

three following cognitive processes: selecting relevant information, organizing this 

information logically, and integrating it with other knowledge for meaningful learning 

(Mautone & Mayer, 2001; Mayer, 2009). Briefly, people are active learners seeking to 

make sense of multimedia learning (Mayer, 2009). In selecting relevant material, learners 

pay attention to the relevant words or images in the presented material and get them into 
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the WM.  These selected words and pictures are organized by building internal 

connections to create a verbal or pictorial model (organizing selected material). 

Integrating selected material involves recalling the knowledge from the LTM and 

building connections between the incoming information and with recalled information. 

Besides assumptions, CTML defines five cognitive processes which are required 

for meaningful learning to occur in a multimedia learning environment. These are 

selecting relevant words, selecting relevant images, organizing selected words, 

organizing selected images and integrating word-based and image-based representations 

(Mayer, 2009). These processes should not be processed in linear order. These five 

cognitive processes also occur several times throughout the learning from multimedia 

learning environments.  

The first cognitive process for active learning, shown in Figure 2.4, is the 

selection of relevant words. In this process, the learner pays attention to the relevant 

words in a multimedia message (Mayer, 2009). The input of this cognitive process is 

spoken words (narration) in the instructional message and the output of this process is a 

word sound base which is a mental representation of selected words or phrases in the 

working memory (Mayer, 2009).  The words might be presented as on-screen text/print 

text or as spoken words/narration. When the information is presented as speech, the 

words enter the sensory memory through ears and the process starts in the auditory 

channel. This is indicated by the arrow from “words” to “ears” to “sounds” shown in 

Figure 2. 4.  When the information is presented as on-screen text or print text, words 
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enter the sensory memory through eyes and the process starts in the visual channel. It is 

pointed out by the arrow from “words” to “ears” to “images” in Figure 2.4. However, it 

might move to the auditory channel if the learner mentally expresses the text. This is 

indicated by the arrow from “images” to “sounds as in Figure 2.4.  

The second cognitive process is the selecting of relevant images. The learner pays 

attention to some of the parts of the illustration or the animation presented in the 

multimedia message (Mayer, 2009). The input of this cognitive process is a pictorial 

representation of a multimedia message and the output is a visual image base which is a 

mental representation of selected images in the working memory (Mayer, 2009). Images 

enter the sensory memory through the eyes. The process begins in the visual channel but 

some parts of it might move to the auditory channel as indicated by arrows from 

“images” to “sounds” as in Figure 2.4.  

Due to the limited capacity of the working memory, it is essential to select 

relevant words and images to process. The learner is responsible for judging the images 

and words and choosing the most relevant one in order to understand the presented 

information. 

After the relevant words and images are selected and the word sound base and 

image base are formed, organizing selected words and organizing selected images into 

coherent representations are the next cognitive process (Mayer, 2009). Organizing 

selected words represents building the connections among the selected words to construct 

a coherent verbal model in the working memory. In organizing selected images, the 
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connections among the selected images are established to create a coherent pictorial 

model in the working memory. 

The last and most important cognitive processing step is integrating word-based 

and image-based representations. In this process, the verbal model and pictorial model 

are merged to create an integrated model in this process (Mayer, 2009). In addition, the 

prior knowledge is activated from the long-term memory and it is also integrated with the 

pictorial and verbal models. Mayer and Moreno (2003) propose that prior knowledge 

which is activated by the learner also might be a guide partially in selecting and 

organizing processes. 

The path for processes of the picture, spoken word and text according to the 

CTML are summarized in Figure 2.5, Figure 2.6 and Figure 2.7. The path is indicated by 

thick arrows and darkened boxes.  In multimedia learning environments, multiple 

modalities of information, such as texts, images or narration are used at the same time. 

However, using only multiple modalities does not guarantee effective learning. 

Processing all of this information simultaneously in the WM may result in a cognitive 

load (Sweller & Chadler, 1994).  

Mayer and Moreno (2003) stated that cognitive load is crucial in multimedia 

learning environments. Thus, they suggested nine ways to reduce cognitive load in 

multimedia learning. These solutions are off-loading, segmenting, pre-training, cueing, 

weeding, aligning words and pictures, eliminating redundancy and synchronizing. The 
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cueing principle will be investigated in this study as a strategy to reduce the extraneous 

cognitive load. 

 

 

 

 

 

Figure 2.5. Processing of pictures. Adapted from Multimedia learning (p.77), by R.E. 

Mayer, 2009,New York: Cambridge University Press. Copyright 2009 by the Cambridge 

University Press. Adapted with permission. 

 

 

 

 

 

Figure 2.6. Processing of spoken text. Adapted from Multimedia learning (p.77), by R.E. 

Mayer, 2009,New York: Cambridge University Press. Copyright 2009 by the Cambridge 

University Press. Adapted with permission. 
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(a) P 

 

 

 

Figure 2.7. Processing of printed word. Adapted from Multimedia learning (p.77), by 

R.E. Mayer, 2009,New York: Cambridge University Press. Copyright 2009 by the 

Cambridge University Press. Adapted with permission. 

Animations in Multimedia Learning 

In recent years, educational researchers has given considerable attention to the use 

of animations (Ploetzner  & Lowe, 2004). Although, the use of animations is becoming 

popular, there is a little evidence that they are better than static images (Tversky et al., 

2002). A potential explanation for the lack of benefit from animations is that animations 

place high demands on the learner’s cognitive capacity due to the transitory nature of the 

presented information and simultaneous indication of the multiple changes (Ayres & 

Paas, 2007; Tversky et al., 2002).  

Information in animations is transient which means that information appears in a 

short period of time and new information continuously takes the place of previous 

information (Ayres & Paas, 2007). Thus, learners have to process information that is 
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demonstrated briefly and which disappears before it can be sorted for further processing, 

if they do not leave some kind of trace in which key points are left available (Paas, Van 

Gerven, & Wouters, 2007). Hence, learning from animation force the learners to integrate 

the verbal model, visual model and existing knowledge in the LTM and to keep the 

previously presented information active in the WM. This is a challenge for learners 

because it is difficult for them to identify which information is relevant in a limited time 

before the information decays. This might cause splitting the visual attention over 

different elements of the presentation. Consequently, this might result in a cognitive load 

and hinder learning (Ayres & Paas, 2007; Paas et al., 2003). 

 In addition, while learning from the animations, learners have to attend to many 

elements which are in motion and which might change in different perceptual attributes 

(i.e. color, orientation, size). Learners might have difficulty in focusing attention to the 

important information in an animation, because motion and perceptual differences might 

distract them (de Koning, Tabbers, Rikers & Paas,2009). Therefore, information may be 

missed completely if the learner does not attend to it at the right moment.  

To make animations effective for learning the cognitive load caused by the 

transience should be counteracted. Several researchers have asserted that the 

effectiveness of animations might be enhanced if the learners’ attention is guided to the 

important information in an animation (Betrancourt, 2005; Mayer & Moreno, 2003). 

Also, Schnotz and Lowe (2008) stressed that designers of animations should use 

techniques to guide the learners’ attention at the right moment to the relevant information 



Texas Tech University, Ismahan Arslan-Ari, May 2013 
 
 

36 
 

in the display. This can be done by using cues in the animation. Several studies stressed 

the importance of cueing in selecting and understanding the graphical information from 

animations (e.g. Canham & Hegarty, 2010; DeKoning et al.,, 2010; Schnotz & Lowe 

2008). Betrancourt (2005) proposes the “attention-guiding principle” which is referring to 

the fact that it is crucial to guide the learners’ attention toward the important elements in 

the animation at the right time. 

Cueing 

 Mayer (2009) proposed the signaling technique to overcome the extraneous 

cognitive load in multimedia learning environments. Cueing is the addition of cues to the 

verbal or visual content to direct the learners’ attention to the essential elements of the 

presentation (Mayer, 2009). The reason behind effects of cueing on cognitive processes is 

that signals reduce the visual search and free up the WM resources for meaningful 

learning (Mayer, 2009; de Koning et al., 2009). Cues do not add new information to the 

content or change the content of the instructional material (de Koning et al., 2009). 

Cueing guides the learner’s cognitive processing and helps the learner to select the 

relevant information, organize the information logically and integrates the information 

with prior knowledge by providing cues (Mautone & Mayer, 2001). de Koning et al. 

(2009) proposes three functions of cueing: “(1) guiding learners’ attention to facilitate the 

selection and extraction of essential information, (2) emphasizing the major topics of 

instruction and their organization, and (3) making the relations between elements more 

salient to foster their integration.” (p.118). 
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 Cues can be added to both verbal information and visual information. Cueing can 

be done by adding typographical cues to the verbal information, such as, underlining, 

capitalization, italics, bold-face and color variations (Lorch, Lorch & Klusewitz, 1995). 

These typographical cues can be used for taking attention to key terms, introducing 

technical terms, and emphasizing the important information. Lorch (1989) stated that “the 

simplest way to signal the relevance of information is to distinguish it visually from the 

body of the text by typographical variation” (p.223). Moreover, headings, titles, 

enumeration signals (first, second, etc.), arrows, linguistic cues (e.g. lower intonation) 

and outlines are the other cues for a cognitive guide (Mautone & Mayer, 2001). 

 In audiovisual, cueing can be done through several methods: increasing the 

luminance of specific objects in a visual display (e.g., DeKoning et al., 2007), adding 

arrows to the visual (e.g. Kriz & Hegarty, 2007), giving the same color to the related 

elements (e.g.Ozcelik, Karakus & Kursun, 2009 ), changing the color of labels (e.g. 

Ozcelik, Arslan-Ari & Cagiltay, 2010), flashing to connect related elements (e.g. Craig, 

Gholson, & Driscoll, 2002), and pointing gestures of animated pedagogical agents as 

guides to related elements (i.e. Lusk & Atkinson, 2007; Craig et al., 2002). 

 According to the signaling principle, people learn better when cues are added to 

the instructional material in multimedia learning (Mayer, 2009). Signaling principle has 

been proven to be an effective strategy by a substantial amount of research studies on 

signaling of text in reading passages (e.g. Harp & Mayer, 1998; Lorch, 1989; Lorch et al., 
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1995; Stull & Mayer, 2007).  However, research is needed in the use of cues in 

visualization (Mayer, 2009).  

 In a study examining the cueing in animation, Mautone and Mayer (2001) 

conducted three experiments to determine the effects of cueing in text (experiment 1), 

spoken narration (experiment 2) and spoken narration with corresponding animation 

(experiment 3). In these three experiments, participants were asked to study a short 

system-based animation about how an airplane achieves lifts. Then, they took a retention 

and transfer test. Cueing was done by adding headings, summary, connecting words and 

by making important terms bold and italized in the first experiment, by changing the tone 

and pitch of the key words in the narration in the second experiment, and by adding 

colored arrows and icons in the third experiment. Results of experiment 1 indicated that 

cues in the text had a significant effect on transfer but not on retention.  On the other 

hand, significant effect of cues in the spoken text was found on both transfer ad retention 

in experiment 2. Results from these two experiments indicated that verbal cueing had a 

strong effect on transfer. On the other hand, visual cueing in animation did not have a 

strong effect on learning. They attributed the failure of the visual cueing in animation to a 

weak treatment, simple animation and characteristics of the learners. 

 In another study, Boucheix and Guignard (2005) examined the effects of different 

types of cueing in learning how a gearing system works. Independent variables used in 

this study were illustration format (static vs. animated), availability of cues (presence vs. 

absence), and learner-control of presentation (fast, low and self-controlled). Both verbal 
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cueing (short sentence) and visual cueing (bright colors, arrow and tachometer) was used 

in the multimedia presentation. Positive effects of cueing were found on learners’ 

immediate comprehension and delayed retention. However, in the study, it is not clear 

which type of cueing led to the significant result. 

 Besides the use of verbal and visual cueing together in the multimedia learning 

environments, de Koning et al. (2007) used only visual cueing in an animation of the 

cardiovascular system. The aim of the study was to investigate the effect of cueing in a 

complex animation on learners’ comprehension and transfer scores and their mental 

effort. Participants were randomly assigned to either a signaled or a non-signaled group. 

There was no significant difference between the groups in prior knowledge. The working 

of the cardiovascular system was shown without visual cues in the non-cueing group 

whereas the valves of the heart were cued by slightly darkening all elements except the 

valves of the heart in the cueing group. After the participants studied a one-minute 

animation without any explanation, students were expected to extract meaning from the 

animation. The results of the study revealed that the cueing in the animation which does 

not involve any narration improved the learners’ retention and transfer performances on 

both cued and uncued content. However, there was no difference in the amount of 

cognitive load between groups, but signaled significantly affected the learning 

performance in cued content. In this study, an animation was so short and did not have 

any narration.   
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 In a later study that used the same animation, de Koning et al. (2010) examined 

the effects of cueing in animation on learners’ retention, transfer and inference scores.  

Independent variables were the availability of cueing (cueing vs. non-cueing) and the 

learning strategy (self-explaining vs. instructional narration). Four versions of a 286-

second animation of the cardiovascular system were used in this study. The content was 

identical in four conditions but they differed in two ways, learning strategy and the 

availability of the cueing. First, in the self-explaining groups, the animation was 

presented without textual information, whereas in instructional narration groups, the 

animation was presented with a narration of the content. While five subsystems of 

cardiovascular system were sequentially cued by decreasing the luminance of all parts of 

the visual except the cued element in cueing group, in the non-cueing group the 

animation was presented without cues. According to the results of prior knowledge tests, 

there is no significant difference between the participants’ prior knowledge. After the 

participants individually studied the instructional material, they were administered a 

retention, a transfer, and an inference test. After each test, participants were asked to rate 

the invested mental effort. Results of this study indicated that signaled animations with 

narration were more effective than non-signaled animations with narration. The signaled 

animation group outperformed the non-cueing group in retention, transfer and inference 

test. However, no significant difference was found on the learners’ mental effort between 

groups. This study used the spot-light cueing, so it is still unclear of the effects of other 

types of cueing techniques on learning. Furthermore, the animation was also short. 
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Despite the generally positive effects of cueing in animation, several research 

studies indicated that cueing does not always improve learning. Moreno (2007) 

conducted two experiments to examine the cueing effect on the learners’ retention, 

transfer and perceptions about learning. In the first experiment, she investigated the 

cueing effect in video while cueing was used in animation in the second experiment. All 

the instruments were identical in both experiments except the presentation of the content, 

animation vs. video.  Prospective teachers studied the effective teaching strategies with or 

without visual cues. In the cueing condition, the teaching skills which were visualized in 

the animation or video were highlighted with a bright red color on a step laddered list, 

which included the labels of each skill, on the right side of the computer screen. The 

participants’ learning was measured by retention-exemplar test and transfer test. Also, 

they were asked to rate their learning from the instructional material. No significant 

difference was found between the cueing and noncueing groups on their performance in 

both experiments. Moreno (2007) explained the lack of cueing effect with the visual split-

attention effect. In the signaled condition, the learners were forced to split their attention 

between the video or animation and the side laddered list of teaching skills. This study 

shows the importance of instructional design in the signaled materials to get benefits 

from the cueing techniques. 

In another study, Kriz and Hagerty (2007) examined the effects of cueing on 

people’s development of mental models of a complex mechanical system. They 

compared three groups of learners who studied a self-paced signaled animation of a 

flushing system, self-paced non-signaled animation or simply a diagram. In all 
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conditions, there was not accompanying verbal description of the flushing system. In the 

signaled version, arrows were used to guide attention to essential information and to 

emphasize the casual relations between components of the flushing system. After 

participants viewed the animations, they were asked to explain the process step-by-step 

and explain the reasons of four troubleshooting conditions. Results of this study showed 

that cueing in the animation did not contribute to development of the mental model of the 

flushing system. The signaled group typically developed a mental model which was 

inconsistent with the one presented in the animation. To explain these results, Kriz and 

Hagerty set up another two experiments. One experiment collected an eye-tracking 

movement data. The results of this experiment revealed that learners in the cued group 

spent more time in the arrow region and the space which included both the parts and 

arrow. This result showed that arrows captured the learners’ attention to the relevant 

information, but this did not lead to better learning. 

De Koning, Tabbers, Rikers and Pass (2011) examined the effects of cueing and 

presentation speed on the comprehension, transfer and mental load.  They utilized the 

same animation of the cardiovascular system that was used in their previous research 

studies (de Koning et al., 2007; de Koning et al., 2010) except with two different types of 

presentation speed.  In that study, there were four versions of animation; low speed 

animation with cueing, high speed animation with cueing, low speed animation without 

cueing, high speed animation without cueing. Five subsystems of the cardiovascular 

system were sequentially cued by decreasing the luminance of all parts of the visual 

except the cued element in animation with cueing groups. Whereas animation speed was 
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4 frames per second in low speed animation, it was 24 frames per second in high speed 

animations. Animations’ speed was determined based on the animation speed (12 frames 

per second) used in de Koning et al. (2007). According to the pretests, there was no 

significant difference between the participants’ prior knowledge about the content. The 

participants were tested at an individual computer and at their own pace. After they 

studied the instructional material, they completed the mental effort scale invested 

studying the instructional material, comprehension test, transfer test and mental effort 

scale to complete the tests respectively. Although significant cueing effect with the same 

animation was found in their study, de Koning (2007), no significant effects of cueing on 

the achievement and mental effort was found. This showed that the results of their 

previous study were not powerful enough. Also, the results revealed no significant 

presentation speed on comprehension and transfer scores. Participants spent more mental 

effort in studying the animation when the animation was presented at a low speed. 

In another study, Lin and Atkinson (2011) investigated the effects of visual 

cueing (visual cues vs. no cues) and presentation of format (animated vs. static graphics) 

on retention and in a 2x2 factorial design experiment. The computer-based instructional 

material including 20 segments of animation/graphic with a simultaneous narration was 

about the rock cycle. The content of four versions of instructional material (static 

graphics with visual cues, static graphics without visual cues, animations with visual 

cues, and animations without visual cues) were identical except its presentation format 

and the presence of visual cueing. In animation with visual cues condition, 20 frames of 

animation were presented with a simultaneous narration. This animation included arrows 
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to highlight the concepts or processes as a visual cue. Animation without visual cues 

condition was the same with animation with visual cues condition except with visual 

cues. In static graphics with visual cues, there were 20 graphics with the narration with 

arrows, whereas there were no visual cues in the static graphics with visual cues. One 

hundred and twelve participants were randomly assigned to one of these four conditions. 

Their prior knowledge was measured with a 20-item multiple choice test at the beginning 

of the experiment. After the pretest, participants studied the instructional material at an 

individual computer. They completed the posttest which was almost identical to the 

pretest and a questionnaire to measure the cognitive load and intrinsic motivation. The 

posttest was aimed to measure both conceptual and process retention. The results 

revealed no significant visual cueing effect in learning outcomes, but participants who 

were in the visual cueing condition spent significant less time and learned more 

efficiently than the participants who studied instructional materials without cues. Another 

finding is no significant visual cueing effect on cognitive load.  

Prior Knowledge Principle  

 Even though, effects of cueing in multimedia learning, especially verbal cueing, 

has been supported with recent research studies, with the increase in the level of learner 

knowledge, the effectiveness of cueing might differ.  Recent research studies (e.g. 

Moreno, 2007, de Koning et al., 2007) have focused mainly on students who lack prior 

knowledge about the content. However, according to the prior knowledge principle, 

design principles for multimedia learning that enhance low-knowledge learners’ 
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performance, may not help or even may hinder the performance of high-knowledge 

learners (Kalyuga, 2005).  

With the development of expertise in a specific domain, the learners’ performance 

and learning significantly change (Kalyuga, 2005).  Low prior knowledge learners have 

to deal with large number of elements of information in the WM due to the absence of 

relevant prior knowledge (Kalyuga, 2009). This might result in WM overload. Especially 

the dynamic nature of the animations might be a threat for them, because they lack the 

domain knowledge to guide their attention to the essential elements from an animation. 

Lowe (2003) found that novice learners put their attention on perceptually salient 

information rather than relevant information in animations. The potential method to guide 

their attention to the relevant information in animation is cueing (Moreno, 2007).  

In contrast, high prior knowledge learners retrieve information from LTM to 

handle tasks, so their WM does not have a severe limitation for knowledge processes. 

Schema is processed as one element in the WM, hence schema extremely reduces the 

load in the working memory. Sweller et al. (1998) stressed that learners are particularly 

poor at complex reasoning unless most of the elements with which we reason have 

previously been stored in LTM.   

Research studies conducted by Mayer and his colleagues showed that well-

designed multimedia instructions better support the low knowledge learners than high-

knowledge learners (Mayer, 2001). Mayer (2001) calculated the effect size difference by 

subtracting the effect size for high prior knowledge learners from the effect size for low 
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prior knowledge learners for each of the experiments investigating the multimedia effect 

in book-based instructional material. The median effect size differences were found to be 

.60 for retention and .80 for transfer. The multimedia effect was reported as .60 and .80 

standard deviations stronger for low-knowledge learners. These indicated that in poorly 

designed multimedia instruction, high knowledge learners can use their existing 

knowledge to compensate, but low knowledge learners could not (Mayer, 2001).  

Research studies investigating the differences between the expert and novice 

learners have clearly demonstrated that learners’ knowledge base is a significant 

cognitive characteristic which impacts the learning and performance (Kalyuga, 2008). 

The reversal effect of instructional design strategies for high-knowledge learners are 

predicted by redundancy effect (Kalyuga, 2009). The presentation of the information in 

multiple modalities, detailed information or executive guidance that is beneficial for low-

knowledge learners might be redundant for high-knowledge learners due to the available 

schema in the LTM (Kalyuga, 2009). Therefore, it might hinder high-knowledge 

learners’ performance. The reversal in the effectiveness of instructional strategies is 

referred to as an expertise reversal effect (Kalyuga et al., 2003). 

Kriz and Hegarty (2007) evaluated the effects of domain knowledge on the mental 

model constructed from an animation in an animation of a flushing system with cueing. 

They compared the performance of High Domain Knowledge (HDK) learners and Low 

Domain Knowledge (LDK) learners. The results indicated that HDK learners 

remembered more steps of the system and most of the HDK learners developed a more 

accurate mental model of the system. Thus, this experiment suggests that prior domain 
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knowledge contributed to the effectiveness of cueing in animation. However, this study 

only limited with an animation without explanatory narration. With accompanying verbal 

description, this result might differ. The LDK learners might have benefitted more from 

the signals according to the prior knowledge principle (Kalyuga, 2005).  

Another study conducted by Boucheix and Guignard (2005) examined the effects 

of different types of cueing and prior knowledge in learning how a gearing system works.  

Based on their pretest scores, they divided the learners into three groups: low, medium 

and high prior knowledge group.  Results indicated that low prior knowledge learners 

benefit the most from the animations.  

 A major limitation of the research on prior knowledge effect is the limited number 

of studies investigating the use of cueing in multimedia learning at different levels of 

learner knowledge. Thus, this study will examine who benefits most from cueing in 

animation.   
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CHAPTER III  

Methodology 

Introduction 

This chapter describes the research methods and procedures that were employed 

in this study.  The research questions, participants, research design, instructional material, 

instruments, data collection procedures, validity and reliability issues, and data analysis 

are discussed.  

Research Questions 

 The purpose of this study was to investigate the effects of cueing (no cueing, label 

cueing, picture cueing and both label and picture cueing) and prior knowledge (low vs. 

high) on the learning (retention, transfer, and matching), mental load, and study time of 

college students studying an animation with narration.  The following research questions 

were investigated: 

1. What are the effects of cueing and prior knowledge on the achievement of college 

students studying a multimedia computer lesson? 

2. What are the effects of cueing and prior knowledge on the mental load of college 

students studying a multimedia computer lesson? 

3. What are the effects of cueing and prior knowledge on the study time of college 

students studying a multimedia computer lesson? 
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4. Does cueing interact with prior knowledge to affect the achievement, mental load, 

and study time of college students studying a multimedia computer lesson? 

Research Design 

 In order to answer the four research questions an experimental design, described 

as “…one or more independent variables is manipulated, and the effects of the 

manipulation on one or more dependent variables are measured” (Springer, 2010, p.176), 

was used in this study.  This study investigated the effects of the cueing and prior 

knowledge in a multimedia learning environment on learners’ performance, mental load 

and study time. As Fraenkel and Wallen (2006) stated, experimental design is the best 

type of research to test a cause-and-effect relationship. 

The manipulated variables and the experimental conditions are the primary factors 

in the selection of the particular design in experimental studies (Best & Kahn, 1998). 

Therefore, a 4 x 2 between-subjects factorial design was used as the experimental design 

in this study. A factorial design enables us to include more than one independent variable 

in the study (Fraenkel & Wallen, 2006) and to examine the interaction effects that exist 

between factors as well as main effects (Best & Kahn, 1998).  

 In this study, the first factor was cueing strategy (no cueing, label cueing, picture 

cueing, and both label and picture cueing). The second factor was the prior knowledge of 

the learners (low vs. high). In total, there were eight experimental groups (Table 3.1); No 

Cueing /Low Prior knowledge (NCLP), No Cueing /High Prior knowledge (NCHP), 

Label Cueing/Low Prior knowledge (LCLP), Label Cueing/High Prior knowledge 
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(LCHP), Picture Cueing/Low Prior knowledge (PCLP), Picture Cueing/High Prior 

knowledge (PCHP), Label, and Picture Cueing/Low Prior knowledge (LPCLP), and 

Label and Picture Cueing/High domain knowledge (LPCHP).  Each group studied the 

same content, only the cueing strategy differed between groups.   

Table 3.1 

Experimental Groups 

  Cueing strategy 

  
No cueing 

Label 
cueing 

Picture 
cueing 

Label&Picture 
cueing 

P
ri

o
r 

kn
o
w

le
d
g
e Low prior knowledge NCLP LCLP PCLP LPCLP 

High prior knowledge NCHP LCHP PCHP LPCHP 

 

 Dependent variables in this study included retention, transfer, matching, mental 

load and time spent studying the instructional material. 

Participants 

 The target population of this study was undergraduate college students enrolled in 

various academic disciplines.  They had different levels of prior knowledge about 

photosynthesis. Convenience sampling, which is choosing any group of individuals who 

are conveniently available in a particular place to be studied (Fraenkel & Wallen, 2006), 

was used to select the participants in this study. The convenience sample in this study 
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was undergraduate college students enrolled in an introductory computing and 

information technology course offered by a College of Education in a large Southwest 

University. 

 Approximately 1,200 students from different disciplines and different levels were 

registered in this course each semester with six sections offered to undergraduate students 

each semester. Almost all the undergraduate students in the Southwest University are 

required to take this course. In this course, students were required to complete 11 

modules. One of these modules was related to instructional technology research. This 

module provided students with an opportunity to participate in a research study related to 

instructional technology.  Two weeks before the module, section instructors sent emails 

about the session location and time, and the sign up procedures (see Appendix A) to the 

students. Students who wanted to participate in this research signed up for the session 

that they wanted to attend with the ID number that the instructors assigned to each 

student.  

 A total of 216 volunteer undergraduate students took part in the study for extra 

credit after providing informed consent.  These students were asked to complete a prior 

knowledge questionnaire to assess their prior knowledge level one week before to the 

treatment. However, only 200 participants were included in the data analysis because 16 

students did not complete the post questionnaires. According to the median of their prior 

knowledge (Median=28), they were categorized as low-prior knowledge (N= 105) or 

high-prior knowledge (N=95).  The mean of high prior knowledge group was 36.51 with 
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a standard deviation of 6.18. The mean of the low prior knowledge group was 21.90 with 

a standard deviation of 4.40. The independent t-test revealed a significant result 

indicating that the two groups were significantly different according to their prior 

knowledge, t(198) = -19.38, p<.05. 

Random assignment, which means every participant had an equal chance to be in 

any experimental or control groups (Fraenkel & Wallen, 2006), was used. Participants 

were randomly assigned to no cueing (n=52), label cueing (n=50), picture cueing (n=51) 

or label and picture cueing (n=47) conditions (Table 3.2). Random assignment was 

important for controlling threats to internal validity of the study (Fraenkel & Wallen, 

2006). Moreover, random assignment was a good choice to minimize the unsystematic 

variations which is “the variations result from random factors that exist between the 

experimental conditions” (Field, 2009, p.16).  

All of the 200 participants (95 male and 105 female) were undergraduate students 

from different majors; 37 natural resources and the environments (%18.5), 27 

engineering, computing and mathematics (%13.5) and 17 architecture, construction and 

design (%8.5), etc. Most the participants were Freshman (N=70, 35%) and Sophomores 

(N=66, 33%) while 43 of them were Juniors (21.5%) and 21 of them were Seniors 

(10.5%). Regarding the ethnicity majority of the participants (N=143) were White 

(71.5%), followed by 31 Hispanic (15.5%), 19 African-American (9.5%), 6 Asian (3%) 

and 1 Native American (5%). Their ages ranged from 18 to 34 with a mean age of 20 

years and a standard deviation of 2.18.  The participants varied in prior knowledge and 
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experience in biology. Only 62 participants took at least one biology course (31%) and 17 

participants took at least one plant biology course (8.5%), while 66 of them took at least 

one chemistry course (33%). 

Table 3.2  

Sample Size of Participants for Each Group 

  Cueing strategy  

  No 
cueing 

Label 
cueing 

Picture 
cueing 

Label&Picture 
cueing 

Total 

P
ri

o
r 

kn
o
w

le
d
g
e 

Low prior 
knowledge 

N=29 N=23 N=27 N=26 N=105 

High prior 
knowledge 

N=23 N=27 N=24 N=21 N=95 

 Total N=52 N=50 N=51 N=47 N=200 

   

Instructional materials 

 The instructional material used in the experiment consists of narrated animation 

about photosynthesis, light dependent and light independent reactions. At the end of this 

instructional material, learners were able to; 

 Define photosynthesis 

 Recall  the equation describing the process of photosynthesis 

 Describe the function of chloroplast 

 Identify the place where light dependent reaction takes place. 
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 List the inputs and principal products of the light dependent reaction. 

 Identify the difference between Photosystem I and Photosystem II. 

 Describe the function of chlorophyll. 

 Identify the importance of light energy in photosynthesis. 

 Identify the place where light independent reaction took place. 

 List the inputs and principle products of the light independent reaction. 

 Recall the functions of stomata in photosynthesis. 

 Calculate the number of CO2 molecule used to make more than one glucose 

molecules. 

 Predict the factors affecting the rate of photosynthesis. 

  The content of the instructional material (see Appendix B) was adapted from a 

college level plant biology textbook “Introductory Plant Biology” (Bidlack & Jansky & 

Stern, 2011). This textbook has been used in the Southwest University to teach the plant 

biology course offered to undergraduate students. The following outline summarizes the 

content of the instructional material. 

1. What is photosynthesis 

2. Chloroplast 

3. Light dependent reactions 

3.1.  Photosystems 

3.1.a. Photosystem I 

3.1.b. Photosystem II 
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3.1.c. Reactions in Photosystem I 

3.1.d. Reactions in Photosystem II 

4. Light independent reactions (Dark reaction) 

4.1. Calvin Cycle 

5. Summary 

The flash-based narrative instruction was online and developed by the researcher 

with Adobe Flash Professional CS5 at a rate of 12 frames per second. The instruction 

took 9 minutes and 47 seconds. It included the animation of how photosynthesis occurs 

and a simultaneous narration by an English native female voice explaining the process. It 

contained five screens; an introductory screen and four instructional animation screens. It 

began with an introductory screen containing the instructions about the instructional 

material. After the introductory screen, the content photosynthesis, light dependent and 

light independent reaction, was presented with four separate animations. The first 

animation was an introduction to the photosynthesis which covered the first two items of 

the content outline. When the learners pressed the continue button, they were forwarded 

to the second screen and the second animation automatically started. The second 

animation showed the light dependent reaction. The third animation demonstrated the 

process of light independent reaction. The final animation showed the summary of the 

photosynthesis process.  After each animation, two buttons, “Continue” and “Replay”, 

appeared. The learners could either replay the animation by pressing the “Replay” or 

move to the next screen by pressing the “Continue” button.  The learners were not 
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allowed to go backward or to skip around within the program. Also, there was no time 

limit to study the material. 

There were four versions of animation illustrating the stages of photosynthesis; 

light dependent reactions and light independent reactions. The content in all versions was 

identical except the amount of signals in the animation (see Table 3.3). In label cueing 

conditions, each corresponding terminological label (e.g. Photosystem I, P700, 

plasocyanin) became red during the narration of the sentence in which the item was 

mentioned, while the corresponding element of the animation became red in the picture 

cueing condition. In label and picture condition, both label and picture became red 

whereas, there was only animation without signals in no cueing condition. Animation was 

simultaneously narrated. Figure 3.1, Figure 3.2 and Figure 3.3 show samples of screen 

shots of label cueing condition, picture cueing condition, and label and picture cueing 

condition. 

Table 3.3. 

Description of Four Version of Animations 

Conditions Description 

No Cueing No cues 

Label Cueing Terminological labels became red when they were mentioned in the narration. 

Picture Cueing Corresponding elements became red when they were mentioned in the 
narration. 

Label and 
Picture Cueing 

Both terminological labels and corresponding elements became red when they 
were mentioned.  
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Figure 3.1. Sample screen shot of label cueing condition 

 

Figure 3.2. Sample screen shot of picture cueing condition  
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Figure 3.3. Sample Screen Shot of Label and Picture Cueing Condition 

Instruments 

 To answer the research questions, six instruments were used a) a demographic 

instrument, b) a prior knowledge test, c) a retention test, d) a transfer test, a matching test, 

and a mental load scale. In addition to these, participants’ study time was recorded by the 

system. 

Demographics questionnaire. The demographic questionnaire obtained 

information about the participants’ age, gender, major, ethnicity, academic classification, 

and GPA (see Appendix C). 

Prior knowledge questionnaire. The prior knowledge questionnaire included 

three sections (see Appendix D). Items were written according to the objectives of the 
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instructional material (see Table 3.4). In the first section, participants were asked to 

indicate the number of college level biology, chemistry and plant biology courses they 

had taken and to provide a self-report rating of their prior knowledge in photosynthesis. 

Participants were asked to rate their knowledge on a 5-point scale ranging from ‘‘I don’t 

know at all” (associated with score 1) to ‘‘I know very well” (associated with score 5) for 

seven statements. For example, “how photosynthesis occurs” and “the functions of 

chlorophyll”. Moreno and Mayer (1999) also used a similar questionnaire on a different 

topic. 

Participants also took a seven-item multiple choice test pertaining to the content 

in the experimental materials. Participants were asked to choose the correct answer 

among four options. Their scores will range from 0 to 70 (35 points from multiple choice 

test and 35 points from self-reporting rating). Since there was a high correlation between 

the self-reporting rating and multiple choice prior knowledge test (r=.76), these prior 

knowledge measures have the same weight in the participant’s prior knowledge scores. 

The median prior knowledge score was calculated from the distribution of all prior 

knowledge scores. The participants whose scores were below or equal to the median of 

28 were assigned to the low prior knowledge group. The participants whose scores were 

above the median of 28 were assigned to the high prior knowledge group. 
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Table 3.4 

Objectives and corresponding items 

Objectives Question number of 

the prior knowledge 

test 

Question number of 

the post knowledge 

test* 

1. Define photosynthesis 2,10 R1 

2. Recall  the equation describing the 

process of photosynthesis 

2,10 R6 

3. Identify the place where light 

dependent reaction takes place. 

3,11 R7 

4. List the inputs and principal products 

of the light dependent reaction 

3,11 R9, R10 

5. Identify the difference between 

Photosystem I and Photosystem II 

5,13 R4 

6. Describe the function of chlorophyll 1,9 R13, T2 

7. Identify the importance of light energy 

in photosynthesis 

 R5 

8. Identify the place where light 

independent reaction takes place 

4,12 R8 

9. List the inputs and principle products 

of the light independent reaction 

4,12 R11, R12 

10. Recall the functions of stomata in 

photosynthesis 

6,13 R3 

11. Calculate the number of required 

molecules used to make more than one 

glucose molecules. 

7,14 R14, R15 

12. Predict the factors affecting the rate of 

photosynthesis 

2,10 T1 

13. Summarize the steps of light dependent 

reaction 

3,11 R2 

*R refers to retention test and T refers to transfer test 
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Retention test. The retention test measured to what extent the learners 

remembered factual information presented in the animation. Mayer (2010) stressed that 

‘‘multiple-choice tests generally were not very sensitive to differences in instructional 

treatments” (p. 4). Participants may choose the correct answer based on the familiarity of 

stimuli without explicit recall in a multiple-choice test; however learners need to retrieve 

information without cues in an open-ended test (Yonelinas, 2002). Therefore, the 

retention test consisted of 10 multiple-choice questions and 5 open-ended questions (see 

Appendix E). Two sample open-ended questions from the retention test were “Where do 

the light-independent reactions take place?” and “Explain the light reaction briefly”. For 

their each correct answer, 10 points were given. Their retention scores were calculated by 

taking the average of their scores from the open-ended part and their scores from the 

multiple-choice part and then calculated the percentage score.  

Transfer test. Six open-ended questions were used to assess the extent to which 

participants applied the knowledge they gained from the presented animation to novel 

problems (see Appendix F). Two sample items from the transfer test were “Two same 

plants were exposed either to only red light or to only green light. Which plants should 

grow better? Why?” and “What factors might affect the rate of photosynthesis?  For each 

correct answer, 10 points were given. Then, percentage scores were calculated by 

multiplying with 100/60. 

Matching test. In the matching test, the participants were asked to match the 

provided names of the molecules/elements to a non-labeled version of two diagrams 
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showing a summary of the photosynthesis process and light dependent reaction (see 

Appendix G). To score the matching test, one point was given for each correctly matched 

item (totally 26 items). Then, percentage scores were calculated by multiplying with 

100/26. 

Mental load scale. A subjective self-report of mental effort scale developed by 

Paas (1992) was used to assess the mental load of the participants during the instruction.  

Participants were asked to rate how much mental effort they invested in studying the 

material on a 9-point scale ranging from ‘‘extremely low” (associated with score 1) to 

‘‘extremely high” (associated with score 9) after studying the instructional material.  

Subjective self-ratings of invested mental effort were chosen because they are 

easy to implement (Kalyuga, 2009) and non-intrusive (Paas, Tuovinen, Tabbers & Van 

Gerven, 2003). Subjective rating scale techniques are based on the assumption that 

people are able to introspect the cognitive process and to report the mental effort they 

spend (Paas et al., 2003). Although it may appear questionable, they have been used in 

most of the studies to assess the mental effort associated with learning instructional 

materials (de Koning et al, 2007; Kalyuga, Chadler & Sweller, 1999; de Koning et al., 

2010). The reliability and validity of this scale has been proved by numerous research 

studies (Kalyuga & Sweller, 2005; Paas, et al., 2003).  

Validity and Reliability 

 For content validity, the content of the instructional material was taken from the 

college level plant biology textbook, “Introductory plant biology” (Stern, Bidlack & 
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Jansky ,2010). Also, the instructional material and the knowledge tests (i.e. prior 

knowledge, retention, transfer, and matching tests) were given to three experts (one 

graduate student and two faculty members) in a biology department. All the experts were 

teaching plant biology courses which covered the content of photosynthesis. The content 

of the instructional material, prior knowledge test and achievement tests were sent to the 

experts for review. Then, the researcher had individual meetings with each expert to 

closely discuss the reviews.  

 The instruments were pilot-tested with 80 college students to evaluate the clarity 

of the statements. Revisions were made based on the suggestions of experts and feedback 

from the pilot study. Furthermore, in order to eliminate rater bias in the retention and 

transfer tests, the raters were blind to the treatment group of the answer sheets, and the 

participants were only known by an identification number. Moreover, another rater had 

independently scored the retention and transfer tests of a random sample of 30 

participants.  The degree of agreement among raters was assessed by the inter-rater 

reliability estimate, intra-class correlation coefficient. The intra-class correlation 

coefficient was .97 for retention test and .89 for transfer test, indicating a high agreement 

among the raters. 

Procedure 

 The experiment had two phases. First, the prior knowledge test was administered 

to assess their knowledge related to the photosynthesis.  One week before the experiment, 

the participants completed the prior knowledge test and demographic questionnaire with 
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assigned IDs in the computer laboratory when they came to take their daily tests. This 

took approximately 10 minutes. The main aim to give the prior knowledge earlier was to 

equally and randomly distribute the low and high prior knowledge groups among the 

conditions in the experiment. 

 In the second phase, based on their prior knowledge test scores, they were 

randomly assigned to the no cueing, label cueing, picture cueing, or label and picture 

cueing conditions.  Then, the participants were tested individually as a group of 15-24 at 

each session in a computer laboratory. The computer laboratory included 24 computers 

with headphones.  

 On arrival to the computer laboratory, the participants were assigned to a 

computer with headphones, and they were given introductory information about the study 

(see Appendix H). The participants were then asked to complete a demographic 

questionnaire and to put on their headphones. The participants were asked to study the 

experimental material and were informed that they were going to be given tests after the 

study session to assess their learning. They studied the material at their own pace. The 

study time was recorded by the system automatically. After studying the instructional 

material, each participant completed the computer-based tests consisting of the mental 

load scale, the retention test, the transfer test, and the matching test sequentially. 

Participants were given unlimited time to answer these tests. The participants who 

completed the tests waited silently till the last person finished. The treatment took 

approximately 50 minutes. 
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Data Analysis 

 SPSS 20.0 was used to analyze the data with alpha level set at .05. Descriptive 

statistics were used to summarize the participant demographic information. To examine 

the effect of cueing and domain knowledge on achievement, a two-way MANOVA was 

conducted. MANOVA enables several continuous variables to be predicted by a set of 

discrete independent variables (Hair, Anderson, Tatham & Black, 1998). Thus, two 

independent variables (cueing strategy and prior knowledge) which are categorical and 

the dependent variables (retention, transfer, mental load, and study time) are continuous 

variables. First, the assumptions of the two-way MANOVA, referring to: no outliers, 

independence of observation, homogeneity of variance and covariance, and 

multicollinearity and the assumptions of ANOVA, which are independent of observation, 

normality and homogeneity of variance, were checked. Follow-up ANOVAs were 

conducted to test the significant main effects of the prior knowledge, and the interaction 

effect of the prior knowledge and signaling. Due to the main interaction effect, separate 

one-way MANOVAs were conducted for low and high prior knowledge groups 

separately. Also, to investigate the effect of cueing and prior knowledge on study time 

and mental effort, two-way ANOVAs were conducted.  

Summary  

 This study was designed to examine the effects of cueing (no cueing, label cueing, 

picture cueing, and label and picture cueing) and prior knowledge (low vs. high) on 

students’ learning outcomes (retention, transfer and matching), mental load and time 
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spent to study when learning from an animation explained with spoken narration. A 4x2 

between-subject factorial design with four levels of cueing and two level of prior 

knowledge was used. Two hundred undergraduate students from a large university in the 

Southwestern United States participated in the study. They were randomly assigned to 

one of the experimental groups. Participants studied four different versions of the 

instructional material including narrated animation. Then, they completed performance 

tests and a mental load scale. Moreover, their study time was automatically recorded by 

the system. To answer the four research questions, descriptive statistics, a two-way 

MANOVA and a two-way ANOVAs were used.  



Texas Tech University, Ismahan Arslan-Ari, May 2013 
 
 

67 
 

CHAPTER IV 

Results 

Introduction 

 This study explored the effects of cueing and prior knowledge on the learning 

(retention, transfer and matching), mental load, and study time of college students 

studying an animation with narration. Four research questions were addressed in this 

study. The first question concerned the effects of cueing and prior knowledge on the 

achievement. The second question pertained to the effects of cueing and prior knowledge 

on the mental load. The third question addressed the effects of cueing and prior 

knowledge on the study time of college students studying a multimedia computer lesson. 

The last question pertained to the interaction effect between prior knowledge and cueing 

on the achievement, mental load and study time of college students studying a 

multimedia computer lesson.  

 In order to answer the four research questions, three main statistical analyses were 

used in this study. A two-way MANOVA was used to examine the effects of cueing and 

prior knowledge on the achievement (retention, transfer and matching); follow-up 

ANOVAs were conducted to test the significant results in the prior knowledge and 

interaction effect of the prior knowledge and cueing. Moreover, separate one-way 

MANOVAs were used to examine the cueing effect for low prior knowledge and high 

prior knowledge learners separately. Also, separate two-way ANOVAs were used to 

explore the effects of prior knowledge and cueing on mental effort and study time in the 
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multimedia computer lesson.  Data analysis was conducted using SPSS 20.0 with an 

alpha level of .05.  

 This chapter presents the results from the data analysis in three sections. In the 

first section, preliminary data analysis including the descriptive statistics and assumptions 

for the parametric tests are reported. The results of the main data analysis are reported in 

the second section. In the last section, all the results are summarized for each research 

question. 

Tests for the Assumptions for Initially Planned Tests 

Tests for MANOVA Assumptions. Before running the main analysis, the 

assumptions of the MANOVA which are independence of observation, outliers, 

multivariate normality, multicollinearity, and homogeneity of variance and covariance 

were checked.  

Independence of observation.  This assumption states that observations should be 

independent or not influenced by other observations (Field, 2005). In this study, the 

participants were randomly assigned to one of the treatment conditions to ensure 

independence. In addition, the participants studied the instructional material and 

completed the computer-based tests individually at their own pace and were not allowed 

to interact with other participants during the study.   

Outliers. MANOVA is sensitive to outliers which are the cases which have very 

different values than majority of the cases in the data set. The data were explored for both 
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univariate and multivariate outliers. To detect univariate outliers, the scores for retention, 

transfer, matching and mental effort were standardized as variables and boxplots of these 

variables were created. The boxplots showed two outliers in retention, six outliers in 

transfer, seven outliers in matching and four outliers in mental effort scores.  However, z-

scores did not show any extreme values which are greater than +3 or less than -3 

(Tabachnick, & Fidell, 2001). To detect multivariate outliers for the dependent variables, 

Mahalanobis Distance, a multidimensional version of a z-score were examined. There 

was no outlier whose score was less than .001, critical Mahalanobis D2 scores. Thus, 

there were no multivariate outliers. 

When the outliers showed in the boxplots were deleted, the results did not change.  

According to Tabachnick and Fidell (2001), if the deletion of the outliers do not truly 

change the results, it is not necessary to delete the identified outliers. So, no case was 

deleted in the main analysis.   

Multivariate normality. This assumption states that each dependent variable and 

any linear combination of the dependent variables are normally distributed (Field, 2005). 

To test the multivariate normality, univariate and bivariate normality were examined as 

the multivariate normality option is not available in SPSS.  For univariate normality, 

histograms, skewness and kurtosis values, and Shapiro-Wilk normality tests were used.  

Scatter plots for each pair of variables were used to check bivariate normality. 

Histograms of low prior knowledge students in the no cueing and the label cueing 

conditions were negatively skewed. The other conditions were normally distributed. 
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According to the Shapiro-Wilk normality test (see Appendix I), the values were non-

significant except for matching scores of  low prior knowledge students in no cueing, 

label cueing , and label and picture cueing condition; and matching scores of high prior 

knowledge students in picture cueing, and label and picture cueing condition. 

Although the Shapiro-Wilk normality test and histograms showed that the 

univariate normality assumption was violated, skewness and kurtosis values ranged from 

[-2, +2] (see Appendix I). According to Tabachnick and Fidell (2001) the variables were 

normally distributed. 

To examine bivariate normality, the scatterplot of each pair of variables revealed 

non-elliptic shapes.  Therefore, the bivariate assumption was violated. However, the 

sample size in this study was large enough and MANOVA is robust enough to moderate 

violations of this assumption with a sample size of 20 in each group (Mertler & Vannatta, 

2001). 

Multicollinearity. MANOVA accounts for the correlation between dependent 

variables, but when multicollinearity occurs this correlation is high. Tabacknick and 

Fidell (2001) suggested that correlations among dependent variables should not be too 

high or low. Table 4.1 shows that correlations among dependent variables are low or 

moderate. In this respect, the multicollinearity assumption was satisfied. 
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Table 4.1 

Correlation Coefficients for Relationship among Retention, Transfer, Matching and 

Mental Effort 

 Retention Transfer Matching  

Retention  1   

Transfer  .291*   

Matching .431* .132 1 

*p<0.01 

Homogeneity of variance and covariance. Homogeneity of variance assumption 

assumes that the variances in each group are equal. Homogeneity of covariance 

assumption refers to the covariances among the dependent variables are homogeneous in 

all groups (Field, 2005). Levene’s test was conducted to check the variance difference 

across groups. Levene’s test failed to reject the null hypothesis that the error variance of 

the dependent variable if equal across groups for transfer and matching (see Appendix J). 

However, the homogeneity of variance assumption was violated for the retention test for 

the two-way MANOVA. According to Field (2005), Levene’s test is not necessarily the 

best way to judge whether variances are unequal. Thus, Hartley’s test was conducted 

checking the highest and lowest variances. We concluded to meet this assumption 

according to S2
largest / S2

smallest< 4.3.   

Box’s M to check the homogeneity of covariance. It showed that this assumption 

was met with F (42, 56795.03) = 1.14, p >.05) for two-way MANOVA, F (18, 33940.64) 
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= 1.08, p >.05) and F (18, 27368.61) = .93, p >.05) for one-way MANOVAs (see 

Appendix J). 

Tests for  ANOVA Assumptions. The assumptions of ANOVA which are 

independent observation, normality, and homogeneity of variance were checked.   

Independence of observation. Design of this study ensured that all observations 

were independent. No interaction was allowed among the students during data collection.  

Normality.  Univariate normality was checked with histograms, skewness and 

kurtosis values, and Shapiro-Wilk normality tests.  Histograms of the dependent 

variables, except study time, showed that all conditions were normally distributed. 

Shapiro-Wilk normality test values were non-significant except mental effort scores of 

low prior knowledge students in no cueing group, and mental effort scores of high prior 

knowledge students in no signal and label cueing conditions and study time of all 

conditions.  However, except the study time for all conditions, skewness and kurtosis 

values (see Appendix I) which are ranged from -2 to +2 revealed that the normality 

assumption was met. For the study time, our sample size was big enough to refute the 

violation of this assumption. 

Homogeneity of variance. Levene’s test was used to check the homogeneity of 

variance assumption. The Levene’s test for each dependent variable, except study time, 

demonstrated that all the variance within each of the group was equal (see Appendix J).  

Descriptive statistics. The mean and standard deviations of the five dependent 

variables: retention, transfer, matching, mental effort and study time in terms of cueing  
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Table 4.2 

Means and Standard Deviations for Retention, Transfer, Matching and Mental Effort Scores and Study Time by Group 

  Retention Transfer  Matching Mental Effort Study Time 

Prior Knowledge Cueing Strategy M SD M SD M  SD M SD M SD 

Low prior knowledge No cueing (n=29) 33.66 12.46 27.18 15.60 38.99 29.45 5.24 1.60 581.00 0.00 

Label cueing (n=23) 35.09 16.01 32.54 17.86 55.69 28.05 5.48 1.83 591.30 49.42 

Picture cueing (n=27) 30.52 14.71 28.95 14.07 34.19 21.66 4.41 1.95 583.19 11.36 

Label&picture cueing (n=26) 33.00 10.36 32.31 17.63 38.61 22.65 4.92 1.92 588.08 21.66 

High prior knowledge No cueing (n=23) 46.52 21.38 38.12 16.87 54.68 30.31 6.17 1.53 587.87 20.84 

Label cueing (n=27) 49.37 16.94 36.42 15.11 42.17 23.53 5.44 1.83 597.59 39.89 

Picture cueing (n=24) 36.62 20.18 37.64 15.23 44.87 26.86 5.33 1.66 589.65 27.23 

Label& picture cueing (n=21) 41.19 16.90 29.68 13.59 37.91 28.58 5.33 1.88 591.17 30.79 

N=200 
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and prior knowledge are presented in Table 4.2.  According to this table, study time 

differences between groups appeared to be negligible. 

Main Analysis 

Effects of prior knowledge and cueing on achievement.  A two-way 

MANOVA was conducted to determine the effect of prior knowledge and cueing on the 

four dependent variables of retention, transfer and matching. Wilks’ λ was used for 

interpretation because the homogeneity of covariance assumption was met and the 

sample size was large enough. MANOVA revealed a significant multivariate main effect 

for prior knowledge [Wilks’s  = .89,  F(3,190) = 7.63, p < .05, 2 = .11], and a 

significant interaction effect for prior knowledge X cueing strategy [Wilks’s  = .89, F(9, 

462.56) = 2.32, p < .05, 2 = .04] ,  but no significant effect for cueing strategies [Wilks’s 

 = .94, F(9, 462.56) =1.30, p > .05] (see Table 4.3). Power to detect the prior knowledge 

and interaction effect was .987 and .826, respectively.  

Table 4.3 

Multivariate Analysis of Variance F Ratios for Prior Knowledge and Cueing Strategy 

Effect Wilks’s  F df1 df2 2
 

Prior Knowledge (P) .89 7.63* 3 190 .11 

Cueing Strategy (C) .94 1.30 9 462.56 .02 

P X C .89 2.32* 9 462.56 .04 

*p<.05 
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Given the significance of the overall test, the univariate main effects were 

examined. Bonferroni adjustment was used to control the Type I error. The Bonferroni 

adjusted level was calculated by dividing the alpha level (.05) by the number of 

comparisons. Three dependent variables were included in the MANOVA analysis, 

consequently, Bonferroni adjusted alpha level was set to .017.  Follow-up ANOVAs 

indicated that prior knowledge had a significant effect on retention, F (1,192) =20.05, 

p<.017,  η² = .095, power = .99. This result showed that 9.5% of the variance in retention 

scores can be explained by prior knowledge. High Prior knowledge students (M=43.65, 

SD=19.29) had a significantly higher score on the retention test than low prior knowledge 

students (M=33.00, SD=13.36).  However, no significant prior knowledge effect was 

found on transfer [F (1,192) =5.40, p=.02] and matching [F (1,192)=.65, p=.42] (see 

Table 4.4).  

Table 4.4 

Univariate Analysis of Variance F Ratios for Achievement Scores  

 Dependent 
Variables df F 2

 P 

Prior 
Knowledge 

Retention 1 20.05* .09 .00* 

Transfer 1 5.40 .03 .02 

Matching 1 .65 .00 .42 

P X C Retention 3 .70 .01 .56 

 Transfer 3 1.74 .03 .1 

 Matching 3 3.04 .05 .03 

*p<.0125 
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Even though the difference in transfer and matching tests were not significant 

between low and high prior knowledge learners, the mean scores indicated that high prior 

knowledge learners (M=35.65, SD=15.38) outperformed the low prior knowledge 

learners (M=30.08, SD=16.20) on the transfer test. Furthermore, high prior knowledge 

learners (M=44.94, SD=27.47) had a higher score than low prior knowledge learners 

(M=41.32, SD=26.51) on the matching test. (see Table 4.5). 

Table 4.5 

Mean and Standard Deviations for Achievement Scores by Prior Knowledge 

 Retention Transfer Matching 

Prior Knowledge M SD M SD M SD 

Low Prior Knowledge (n=105) 33.00 13.63 30.08 16.20 41.32 26.51 

High Prior Knowledge (n=95) 43.65 19.29 35.65 15.38 44.94 27.47 

 

Although the MANOVA revealed a significant interaction effect between prior 

knowledge and cueing, follow-up ANOVAs (with a Bonferroni adjusted alpha level of 

.0125) on each dependent variable failed to show significant interaction effects for 

retention, F (3,192)=.70, p=.55,  transfer, F (3,192)=1.74, p=.16, or matching, F 

(3,192)=3.04, p=.03. The lack of significant results in follow-up ANOVAs was likely due 

to the fact that MANOVA considers the correlations among the variables (Field, 2009). 

Also, an examination of the mean scores of achievement tests in Table 4.2 revealed that 
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the achievement of low and high prior knowledge students was disproportionally affected 

by the cueing strategy they received. For this reason, separate one-way MANOVAs were 

conducted for each prior knowledge group. 

Effect of cueing on achievement for low prior knowledge learners. A one-way 

MANOVA was conducted to explore the cueing effect for low prior knowledge learners 

on the achievement. Results of one-way MANOVA results indicated no significant 

cueing effect, Wilks’s  = .94, F (9, 462.56) =1.30, p > .05 (see Table 4.6).   

Table 4.6 

Multivariate Analysis of Variance F Ratios of Cueing Strategy for Low Prior Knowledge 

Group 

Effect Wilks’s  F df1 df2 2
 

Cueing Strategy (C) .94 1.30* 9 462.56 .02 

*p<.05 

Although no significant difference in the achievement scores was found between 

the cueing conditions for low prior knowledge learners, the mean scores showed that low 

prior knowledge students who studied in the label-cueing condition was slightly higher 

than the low prior knowledge students who studied in each of the other cueing conditions 

on retention (M=35.09, SD=16.01), transfer (M=32.54, SD=17.86), and matching tests 

(M= 55.69, SD=28.05) (see Table 4.7). 
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Table 4.7 

Mean and Standard Deviations for Achievement Scores of Low Prior Knowledge Group 

By Cueing Strategy  

 Retention Transfer Matching 

Cueing Strategy M SD M SD M SD 

No Cueing 33.66 12.46 27.18 15.60 38.99 29.45 

Label Cueing 35.09 16.01 32.54 17.86 55.69 28.05 

Picture Cueing 30.52 14.71 28.95 14.07 34.19 21.66 

Label and Picture Cueing 33.00 10.36 32.31 17.63 38.61 22.65 

 

Effect of cueing on achievement for high prior knowledge learners. A separate 

one-way MANOVA was used to determine the effects of cueing on achievement for high 

prior knowledge learners with three dependent variables; retention, transfer and 

matching. One-way MANOVA revealed a significant main effect for cueing, Wilks’s  = 

.83, F (9, 216.75) =1.94, p < .05 (see Table 4.8).  However, a follow-up ANOVA showed 

no significant effect of cueing on retention [F (3,192) = 2.21, p=.09], transfer 

[F(3,192)=1.43, p=.24], and matching [F (3,192)=1.54, p=.21] (see Table 4.9). The lack 

of this non-significant result in the follow-up ANOVA might be due to the fact that the 

MANOVA considers the correlations among the variables (Field, 2009).  
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Table 4.8 

Multivariate Analysis of Variance F Ratios of Cueing Strategy for High Prior Knowledge 

Group 

Effect Wilks’s  F df1 df2 2
 

Cueing Strategy .83 1.94 9 216.75 .02 

*p<.05 

Table 4.9 

Univariate Analysis of Variance F Ratios of High Prior Knowledge Group for Retention, 

Transfer, and Matching  

 Dependent Variables df F P 

Cueing Strategy Retention 3 2.22 .09 

Transfer 3 1.43 .24 

Matching 3 1.54 .21 

* p<.05 

The mean scores for high prior knowledge students (see Table 4.10) indicated that 

high prior knowledge students who studied in the label cueing material outperformed the 

high prior knowledge students who studied in each of the other cueing conditions on the 

retention test (M=49.37, SD=16.94) On the other hand, high prior knowledge students 

who studied in the no cueing condition had the highest scores on the transfer (M=38.12, 

SD=16.87) and the matching tests (M=54.68, SD=30.31). 
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Table 4.10 

Mean and Standard Deviations for Achievement Scores of High Prior Knowledge Group 

by Cueing Strategy Conditions 

 Retention Transfer Matching 

Cueing Strategy M SD M SD M SD 

No Cueing 46.52 21.38 38.12 16.87 54.68 30.31 

Label Cueing 49.37 16.94 36.42 15.11 42.17 23.53 

Picture Cueing 36.62 20.18 37.64 15.23 44.87 26.86 

Label and Picture Cueing 41.19 16.90 29.68 13.59 37.91 28.58 

 

Effects of prior knowledge and cueing on mental effort. A separate two-way 

ANOVA was administered to investigate the effect of prior knowledge and cueing on the 

mental effort of college students studying the multimedia computer lesson. The two-way 

ANOVA revealed that prior knowledge had a significant effect on mental effort, F 

(1,192) = 4.87, p<.05, η² = .03, power = .59. This result showed that 3% of the variance 

in mental effort can be explained by prior knowledge. High prior knowledge learners (M= 

5.57, SD= 1.74) invested significantly more mental effort than low prior knowledge 

learners (M=5.00, SD=1.84). However, the results showed that there was no significant 

effect of cueing [F (3,192)= 2.16, p=.09], or interaction effect [F (3,192)=.85, p=.47] (see 

Table 4.11).  
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Table 4.11 

Univariate Analysis of Variance F Ratios for Prior Knowledge and Cueing Strategy on 

Mental Effort 

Source Df F 2
 P 

Prior Knowledge (P) 1 4.87 .03 .03* 

Cueing Strategy (C) 3 2.16 .03 .09 

P X C 3 .85 .01 .47 

*p<.05 

Table 4.12 showed that low prior knowledge students who studied in the label-

cueing condition also invested more mental effort (M=5.48, SD=1.83) in studying the 

material than the other low prior knowledge students. Furthermore, high prior knowledge 

students who studied in the no cueing condition also invested more mental effort 

(M=6.17, SD=1.53) when compared with other high prior knowledge students. 

Effects of prior knowledge and cueing on study time. A separate two-way 

ANOVA was conducted to examine the effect of prior knowledge and cueing on the 

study time of college students studying the multimedia computer lesson. A two-way 

ANOVA indicated no significant prior knowledge [F (1,192)=.83, p=.36], cueing [F 

(3,192)=1.49, p=.22], or interaction effect [F (3,192)=.81, p=.49]  (see Table 4.13). The 

mean and standard deviations of the study time by groups showed that the study time 

between groups was very similar (see Table 4.14). 
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Table 4.12 

Mean and Standard Deviations for Mental Effort Scores by Groups 

  Mental Effort 

Prior Knowledge Cueing Strategy M SD 

Low prior knowledge No cueing (n=29) 5.24 1.60 

Label cueing (n=23) 5.48 1.83 

Picture cueing (n=27) 4.41 1.95 

Label & picture cueing (n=26) 4.92 1.92 

High prior knowledge No cueing (n=23) 6.17 1.53 

Label cueing (n=27) 5.44 1.83 

Picture cueing (n=24) 5.33 1.66 

Label& picture cueing (n=21) 5.33 1.88 

 

Table 4.13 

Univarate Analysis of Variance F Ratios for Prior Knowledge and Cueing Strategy on 

Study Time 

Source Df F 2
 P 

Prior Knowledge (P) 1 .83 .00 .36 

Cueing Strategy (C) 3 1.49 .02 .22 

P X C 3 .81 .01 .49 

*p<.05 
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Table 4.14 

Mean and Standard Deviations for Study Time by Groups 

  Study Time (Seconds) 

Prior Knowledge Cueing Strategy M SD 

Low prior knowledge No cueing (n=29) 581.00 0.00 

Label cueing (n=23) 591.30 49.42 

Picture cueing (n=27) 583.19 11.36 

Label&picture cueing (n=26) 588.08 21.66 

High prior knowledge No cueing (n=23) 587.87 20.84 

Label cueing (n=27) 597.59 39.89 

Picture cueing (n=24) 589.65 27.23 

Label& picture cueing (n=21) 591.17 30.79 

 
 
Summary of the Results for Research Questions 

Research Question #1. What are the effects of cueing and prior knowledge on 

the achievement of college students studying a multimedia computer lesson? 

A two-way MANOVA was conducted to examine the effect of cueing and prior 

knowledge on the achievement (retention, transfer, matching) of college students 

studying a multimedia computer lesson. The two-way MANOVA revealed a significant 

main effect of prior knowledge. Follow-up ANOVA results indicated that high prior 

knowledge students (M=43.65, SD=19.29) had significantly higher retention scores than 
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low prior knowledge students (M=33.00, SD=13.36).  Nine percent of the variance in 

retention scores can be explained by prior knowledge. However, the prior knowledge 

effect was not significant for transfer, matching. Furthermore, no significant effect of 

cueing on achievement was found. This result shows that the cueing strategy employed in 

the current experiment did not significantly affect the achievement of the participants. 

Research Question #2. What are the effects of cueing and prior knowledge on 

the mental load of college students studying a multimedia computer lesson? 

To answer this question, a two-way ANOVA was conducted. Significant prior 

knowledge effect was revealed from the two-way ANOVA results. High prior knowledge 

learners (M= 5.57, SD= 1.74) invested significantly more mental effort than low prior 

knowledge learners (M=5.00, SD=1.84). However, there was no cueing effect on mental 

effort. 

Research Question #3. What are the effects of cueing and prior knowledge on 

the study time of college students studying a multimedia computer lesson? 

The effects of cueing and prior knowledge on the study time were examined by a 

two-way ANOVA. A two-way ANOVA revealed that prior knowledge of the learners 

and cueing employed in the narrated animation did not significantly affect the study time 

of college student studying a narrated animation.  

Research Question #4. Does cueing interact with prior knowledge to affect the 

achievement, mental load, and study time of college students studying a multimedia 

computer lesson? 
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A two-way MANOVA and a separate two-way ANOVAs were conducted to 

examine the interaction effect between cueing and prior knowledge on achievement 

(retention, transfer and matching), mental load and study time respectively. The 

univariate and multivariate analysis revealed no significant interaction effect on the 

dependent variables. This means that there were no combined effects of prior knowledge 

and cueing on the achievement, mental effort and study time of the learners who studied 

an animation with narration.  However, the mean scores revealed that the achievement of 

low and high prior knowledge students is disproportionally affected by the cueing 

strategy they received. 

To sum up, the effects of cueing and prior knowledge on the achievement, mental 

effort and study time of the learners were examined with a 2x4 factorial design in this 

study. A two-way MANOVA, a one-way MANOVAs and a two-way ANOVAs were 

conducted to find the effects of the factors: cueing strategy and prior knowledge. The 

results revealed a significant prior knowledge effect on the retention and the mental effort 

of the learners. High prior knowledge learners significantly outperformed the low prior 

knowledge learners in retention test. Moreover, high prior knowledge learners 

significantly invested more mental effort than low prior knowledge learners. The reasons 

of the significant and non-significant differences are discussed in the following chapter. 
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CHAPTER V 

DISCUSSION 

Introduction 

 In the preceding chapter, the data analysis and results were reported. This chapter 

consists of the summary of the study, discussion of the findings, implications for practice 

and research, recommendation for future research and conclusions. After summarizing 

the study, overall findings were discussed in terms of three main research concerns:      

(1) the effects of cueing, (2) the effects of prior knowledge, and (3) interaction effect 

between prior knowledge and cueing on achievement, mental load, and study time in an 

instructional animation. Based on the findings, suggestions for further research targeting 

the effective use of cueing strategy in multimedia learning environments and the 

importance of the prior knowledge in designing multimedia learning were presented. 

Finally, a synthesis of the study was represented. 

Summary of the Study 

 Due to its capacity of showing movement, changes and object trajectory in a 

single visual (De Koning et al., 2010), animations have been used to enrich multimedia 

learning environments.  The Cognitive Theory of Multimedia Learning (CTML) proposes 

that learners are required to select the relevant words from the narration and the visual 

features from the visual display, organize the words and pictures into a mental model, and 

integrate verbal and visual representations for meaningful learning to occur from 

animation with narration (Mayer, 2009). However, selecting the relevant visual feature of 
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the visual display that corresponds to the narrated information within a short time frame 

might be difficult for the learners (Jamet et al., 2008). Adding cues to the animation 

might be helpful to take learners’ attention to the relevant information (de Koning et al., 

2010). Unfortunately, the effectiveness of using cues in animations is mixed. 

 In addition to cueing, prior knowledge might be another factor which can affect 

learning from animations. Mayer (2009) emphasized that level of expertise may possibly 

impact the effectiveness of animations.  In this sense, the purpose of this study was to 

explore the effects of (1) cueing (no cueing, label cueing, picture cueing, and label and 

picture cueing) and (2) prior knowledge (low vs. high) on learning (retention, transfer, 

and matching),  mental load, and study time of college students studying an animation 

with narration.   

 In order to reach this goal, a 4x2 between-subjects factorial design by crossing 

cueing strategy with prior knowledge was used as the experimental design in this study. 

Cueing strategy had four levels: no cueing, label cueing, picture cueing, and both label 

and picture cueing. The second factor, prior knowledge, had two levels: low and high. 

There were a total of eight experimental groups: no cueing/low prior knowledge (NCLP), 

no cueing/high prior knowledge (NCHP), label cueing/low prior knowledge (LCLP), 

label cueing/high prior knowledge (LCHP), picture cueing/low prior knowledge (PCLP), 

picture cueing/high prior knowledge (PCHP), label and picture cueing/low prior 

knowledge (LPCLP), and label and picture cueing/high prior knowledge (LPCHP). A 

total of 200 students participated in the study. They took a prior knowledge test about 

photosynthesis. Based on the mean score of the prior knowledge test, the participants 
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were categorized either as a low prior knowledge or high prior knowledge learners.   

Then, students were randomly assigned to one of the four treatment conditions: no 

cueing, label cueing, picture cueing, or label and picture cueing. The participants studied 

an animation which depicted the stages of photosynthesis; light dependent reactions and 

light independent reactions. Students in each group studied the same instructional content 

except for the cueing strategy. In the label cueing condition, the corresponding 

terminological label in the animation was colored in red when the item was mentioned 

during the narration, whereas in the no cueing condition the animation was presented 

without cues. While the corresponding element of the animation was colored in red in the 

picture cueing condition, both the label and picture were colored in red in the label and 

picture condition. After studying the instructional material, the participants completed the 

mental effort scale, retention test, transfer test and matching test respectively. This study 

included four research questions: 

1. What are the effects of cueing and prior knowledge on the achievement of college 

students studying a multimedia computer lesson? 

2. What are the effects of cueing and prior knowledge on the mental load of college 

students studying a multimedia computer lesson? 

3. What are the effects of cueing and prior knowledge on the study time of college 

students studying a multimedia computer lesson? 

4. Does cueing interact with prior knowledge to affect the achievement, mental load, 

and study time of college students studying a multimedia computer lesson? 
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A two-way MANOVA was conducted to test the effects of cueing and prior 

knowledge on the achievement, and their interaction effect on the achievement.  Further, 

two-way MANOVAs were conducted for high prior knowledge and low prior knowledge 

groups separately. Additionally, separate two-way ANOVAs were used to test these 

effects on the mental load and study time. Before running the analysis, assumptions for 

the statistical analysis were checked. Further, follow-up ANOVAs and Bonferroni 

adjustments were used to explain the significant effects on each dependent variable. 

Discussion of the Findings 

 The results of this study revealed that prior knowledge has a significant effect on 

the retention of knowledge from an instructional animation with narration. High prior 

knowledge learners significantly outperformed the low prior knowledge learners in all 

four cueing groups (no cueing, label cueing, picture cueing, and label and picture cueing) 

on retention tests. This means that high prior knowledge learners retained more 

information from the instructional material than the low prior knowledge learners. 

However, no significant difference was found between the high and low prior knowledge 

students in their transfer and matching tests. These findings are somewhat consistent with 

the prior knowledge principle which emphasizes that instructional design principles for 

multimedia learning that enhance low prior knowledge learners’ performance may not be 

equally effective for high prior knowledge learners (Kalyuga, 2005). These design 

strategies may even hinder the performance of high-knowledge learners. Since the high 

prior knowledge learners already have some knowledge about the content and their prior 
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knowledge was significantly higher than low-prior knowledge learners, it was expected 

that they would retain more knowledge about the content. Consistent with this result, 

Kriz and Hegarty (2007) also found that high prior knowledge learners remembered more 

steps of the system and most of them developed a more accurate mental model of the 

system.  

It seems that narrated animation on photosynthesis did not help the high-prior 

knowledge learners to integrate new information into their existing knowledge structures.  

While low prior knowledge learners had to deal with many elements of new information 

in their working memory (WM) due to the absence of relevant prior knowledge, high 

prior knowledge learners retrieved their long-term memory knowledge structures which 

let them treat many elements of related information as a single element in the WM 

(Kalyuga, 2009). Thus, the WM of high prior knowledge learners does not have severe 

limitations for processing new information. However, narrated animation might not let 

them use their existing schema structure or might conflict with their existing schema 

structure.  Furthermore, providing external guidance to high prior knowledge learners in 

the animation might impose an additional WM load and diminish necessary resources to 

gain and integrate new information, since they need to relate the existing knowledge base 

and externally provided guidance (Kalyuga, 2008). In this study, an examination of the 

effects of prior knowledge on mental effort showed that high prior knowledge learners 

invested significantly more mental effort in studying the material than low prior 

knowledge learners. Furthermore, high mental load might have hindered meaningful 

learning in this study and increased the cognitive load in WM. Therefore, even though 
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high prior knowledge learners had more schemas in the LTM, they did not have higher 

transfer and matching scores in the present study.  Kalyuga (2005) emphasized the 

advantages of a minimal instruction format without redundant guidance by allowing 

learners to use their existing schema structures in long term memory (LTM).  

One possible explanation of this non-significant prior knowledge effect in 

meaningful learning may lie with the participants’ characteristics. In the present study, 

participants came from an introductory computing and information technology course 

offered by College of Education in a large Southwestern university in the United States.  

They were also from different majors including science, social sciences and engineering. 

Even though prior knowledge was measured at the beginning and participants were 

divided into groups based on the mean scores of prior knowledge, this may not reflect the 

best fit for low prior knowledge and high prior knowledge groups. Even though high 

prior knowledge participants had existing knowledge about photosynthesis, the content 

may not have been interesting enough for the participants. Moreover, since the 

instructional material contained a lot of technical terms, even high prior knowledge 

learners may not be familiar with those terms. Thus, having participants from the biology 

department or considering interest to the content or biology as a covariate may give 

significant results.  

Another finding of this study was that there was no interaction effect between 

prior knowledge and cueing strategy. This means that there were no combined effects of 

prior knowledge and cueing on the retention, transfer, mental effort and study time of the 

learners who studied a narrated animation. Although there was no significant interaction 
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effect, the examination of the mean scores indicated that cueing has different effects for 

low prior knowledge learners and high prior knowledge learners. Low prior knowledge 

learners studying the narrated animation in the label cueing condition, did better on the 

retention, transfer and matching tests than the low prior knowledge learners in the other 

cueing conditions. In terms of mental effort, low prior knowledge learners in the label 

cueing condition reported that they invested more mental effort studying the material than 

the low prior knowledge participants in the other cueing conditions. Similarly, they spent 

more time studying the material than the learners in the other cueing conditions. On the 

other hand, high prior knowledge learners studying the narrated animation without cues 

did better on the transfer and matching tests and invested more mental effort than the 

high prior knowledge learners in other cueing conditions. However, high prior knowledge 

learners in the label cueing condition performed better on the retention test than high 

prior knowledge learners in the other cueing conditions. Hence, it might be concluded 

that cueing enhanced learning for low prior knowledge learners but hindered learning for 

high prior knowledge learners when learning from a narrated animation.  Moreover, an 

appropriate amount of cueing seems to be better than too much cueing for better learning 

for low prior knowledge learners. Owens (2002) also explored the interaction between 

cueing strategy and prior knowledge with a 2x3 factorial design experiment. The results 

of his study revealed a non-significant interaction between the levels of prior knowledge 

and selected visual cueing strategy in an animated instruction on different educational 

objectives. The result of this study is also aligned with his findings. 
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In addition to prior knowledge, this study investigated the amount of cueing 

implemented in an instructional animation with narration.  Results showed that there was 

no significant cueing effect on learners’ achievement (retention, transfer and matching 

test) and mental effort. The results simply imply that learners in all cueing conditions (no 

cueing, label cueing, picture cueing, and label and picture cueing) showed similar 

performances in the achievement measures. These results are inconsistent with the 

CTML.  According to the CTML, when learners are presented with a narrated animation, 

they can only concurrently process a few images in the visual channel and limited spoken 

text in the auditory channel at the same time due to the limited capacity of working 

memory. Furthermore, learners should select the relevant information from the graphic 

and narration, organize this information logically, and integrate it with existing 

knowledge for meaningful learning (Mautone & Mayer, 2001; Mayer, 2009).  When 

selecting the relevant information from the presented material, learners need to pay 

attention to words and pictures simultaneously to get them into the WM.  However, the 

new information in the animation is presented continuously in a short period of time. For 

this reason, learners have to integrate the verbal model, the visual model and existing 

knowledge in the LTM and meanwhile keep the previously presented information active 

in the WM.  Hence, it is difficult for learners to determine relevant information in a short 

time frame before it actually disappears. Betrancourt (2005) proposed the attention-

guiding principle which states that it is crucial to guide learners’ attention toward the 

important elements in the animation at the right time. Further, the signaling principle 
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which states that people learn better when cues are added to the instructional material in 

multimedia learning supports this idea (Mayer, 2009).   

In this study, it was expected that cueing, changing color, in animation would 

direct learners’ attention to the essential elements, reduce the visual search and free up 

the WM resources for meaningful learning. However, it seems that the participants in this 

study were able to successfully understand the content of the animation without the aid of 

cues.  

The effectiveness of visual cueing on learning performance is still mixed in the 

current literature. Many research studies have found that the visual cueing in animation 

improves learning (e.g.  Boucheix & Guignard, 2005; de Koning et al., 2007, 2010; Lin, 

2011), decreases visual search (e.g. Kriz & Hegarty, 2007) and decreases study time (e.g. 

Lin & Atkinson, 2011).  However, most of the studies (de Koning et al., 2007, 2010, 

2011; Lin & Atkinson, 2011) found non-significant differences in mental load between 

the participants who studied an animation with cues and the participants who studied the 

animation without cues. Results of the current study are in line with the a number of 

previous empirical studies conducted by de Koning et al. (2011), Kriz and Hegarty 

(2007), Lin and Atkinson (2011), Lowe and Boucheix (2011), Mautone and Mayer 

(2001) and Moreno (2007).  

There are several possible explanations of the non-significant results in this study. 

Boekaerts (2007) emphasized that motivation impacts learning performance. Further, Lin 

(2011) found intrinsic motivation as a predictor of learning in his study investigating 
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cueing and the self-explanation effect in animation. His conclusion was that learners 

should be intrinsically motivated towards learning the content for better learning 

performances. In this study the participants were volunteer undergraduate students 

enrolled in an introductory computing and technology course. Because this course was 

offered to all academic disciplines, participants came from different academic majors. 

Therefore, they might not be interested and motivated towards learning about 

photosynthesis. Thus, being less motivated to learn about photosynthesis might be one of 

the factors that affected participants’ active engagement with the instructional material 

and, as a result, hindered their learning performance in this study. For this reason, 

participants’ motivation towards instructional material can be used as a covariate in the 

future studies. 

Another possible explanation might be related to the characteristics of 

instructional material used in the present study. In previous research attempts, researchers 

used instructional materials that were short in length. For example, de Koning (2007, 

2010) used a 286-second animation. Due to the length of the animation, the cueing effect 

may have disappeared. Current eye-tracking studies also (de Koning et al., 2010; Lowe & 

Boucheix, 2011) revealed that cues have an attention directing effect in the initial 

presentation, but it wanes after several exposures. The instructional material used in this 

study included 5 separate animations about different phases of photosynthesis and took 

almost 10 minutes. Therefore, cues may not have taken the participants’ attention during 

the whole instruction. 
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In addition to the duration of the animation, the speed of the animation may have 

caused the non-significant results. Fischer, Lowe and Schwan (2008) studied the effects 

of presentation speed of animation on student learning and found that modified speeds in 

animation may enhance understanding. Furthermore, it was argued that cues are needed 

in high speed animations to assist the identification of relevant information (Kriz & 

Hegarty, 2007) because learners need to find the relevant information and determine the 

elements and their relations in a short period of time. On the other hand, in a slow speed 

animation, there are few elements per unit of time. Thus, learners have enough time to 

find the relevant information without the need of using cues (de Koning et al., 2011). In 

the present study, the speed of the animation was moderate and the participants were not 

allowed to change the speed. Because the animation speed was not high, learners in the 

no cueing condition possibly had enough time to search for the relevant information 

easily.  

Another factor related to instructional material might be the complexity of the 

animation. Mautone and Mayer (2001) stressed that animation needs to be complex 

enough to require cues.  Moreover, de Koning et al. (2009) asserted that the dynamic 

aspects of animations is the effective attention capturing property in a visual display, such 

as, the movement or a sudden appearance of an object. Animation used in the present 

study might have been easy to follow for the participants after figuring out the direction 

of the animation and may not have included distracting elements. Additionally, the 

movement of the elements in the animation might have taken the participants’ attention 
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on those elements already. This inherent dynamic property of the animation together with 

its complexity could be a reason for diminishing the effects cues in the animation.  

Recent research studies utilized eye tracking techniques by analyzing eye 

movement data to investigate cueing effect in multimedia learning environments. Some 

of these empirical research studies (Boucheix & Lowe, 2010; de Koning et al., 2010; 

Ozcelik, et al., 2009; Ozcelik, et al., 2010) revealed that visual cues direct learners’ 

attention to the relevant elements in the instruction. However, facilitating attention to the 

relevant information does not always guarantee learner engagement with the instructional 

material (de Koning et al., 2009). In their study, Kriz and Hegarty (2007) could not find a 

significant cueing effect on learning but eye movement data showed that cueing device 

guided learners’ attention towards the right element. This supports the idea that adding 

cues in animation does not help learners construct a correct mental model. The cues in 

this present study might have facilitated learners’ attention and perception, but it may not 

have helped them to organize and integrate the new information in the WM.  

De Koning et al. (2009) asserted three arguments explaining why the present 

studies investigating cueing strategies did not find that cueing strategies improve learning 

from animations  even though their effectiveness was proved for learning from static 

graphics; “(1) cues as they have been used until now, do not have their potential fully 

exploited yet, (2) cues guiding learners’ attention to specific screen locations are 

overridden by attention-catching elements in an animation, and (3) learners do not 

perceive cues as relevant for learning.” (p.131). They stressed that cues used in these 

research studies did not improve learning because they were poorly designed with no 
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specific functions. Moreover, due to dynamic property of animations, the cueing effect 

may not be observed and learners’ attention may not be captured with cues but with the 

element movements in the animation. Lastly, learners may not have realized that cues 

used in the animation were to improve learning because the assigned learning task was 

ill-defined. For this study, the first and second arguments of De Koning et al. (2009) 

could not be valid because cueing was implemented only by changing the color which 

may not have forced the participants to put more effort studying the instructional 

material. Additionally, the animations in this study did not involve many elements in 

motion. However, the third argument by de Koning et al. (2009) might be the reason for 

observing non-significant cueing effect on learning and mental effort, since the 

participants were not provided with detailed information about the animation and were 

not informed about why cues were implemented in the animation. Instead, participants 

were just told to study the instructional material, understand the content and complete the 

posttest.  

Implications 

The finding of this study has both research and practice implications when using 

animations in multimedia learning environments. Firstly, many research studies (e.g. 

Moreno, 2007, de Koning et al, 2007, 2010; Lin & Atkinson, 2011) in multimedia 

learning mainly focused on learners with either low or lack of prior knowledge about the 

content.  This study, however, differs from previous research by investigating the effects 

of prior knowledge on achievement, mental load, and study time of college students 

studying a multimedia computer lesson about photosynthesis. Therefore, this study has 
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made a contribution to the literature by showing that high prior knowledge learners retain 

more information from an instructional animation than low prior knowledge learners. 

Even though no other significant prior knowledge effects were found, educators and 

multimedia designers should consider learners’ prior knowledge while designing 

multimedia environments including animations. This study will also be useful to 

researchers interested in conducting studies in multimedia learning. They should also 

continue investigating the effectiveness of multimedia design principles for both high and 

low prior knowledge learners. 

Research studies examining the effects of cueing on learning performance 

provided inconsistent results. Thus, it is still unclear what type of cueing and under which 

conditions cueing in animation is effective. The finding of this study suggested that 

adding cues in an animation did not enhance learning, decrease mental load and change 

study time. It is obvious that only adding visual cues in animation does not always 

guarantee better learning performance. Hence, instructional designers should carefully 

design animations and not include unnecessary cues without specific functions. 

Furthermore, researchers studying cueing strategies in animations should consider other 

factors, such as presentation speed, learner characteristics and complexity of the 

animations.  

Additionally, this study extended current literature on the effects of cueing in 

animation with narration on learners’ performance, mental load, and study time by 

providing empirical data. Different from other research studies, this study investigated 
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the use of color change as a cueing strategy to facilitate attention guiding on the relevant 

information in an instructional animation on photosynthesis, which is one of the 

significant contributions of the current study. 

Although positive effects of visual cueing on different learning outcomes when 

learning from static pictures were reported in the previous research studies, same cueing 

strategies may not work for animations. Thus, when static pictures are animated, the 

effects of cues might disappear. For this reason, future researchers should consider the 

format of visualization while conducting research to examine the effects of visual cueing. 

Recommendations for Further Research 

 Cueing effect was tested mostly for low prior knowledge learners in the literature. 

However, level of expertise may have an influence on the effectiveness of cueing in 

animations (Mayer, 2009). Mayer also stressed that too much cueing could be detrimental 

to meaningful learning. Thus, who benefits from how much cueing is questionable. In 

this study, the effects of different amounts of cueing and prior knowledge on learning 

performance were investigated. However, only significant effect of prior knowledge on 

retention was found. More research investigating different amounts of cueing and prior 

knowledge should be conducted. Furthermore, the performance gain was not calculated 

with identical pretest and posttest. Further research studies should implement identical 

pretest and posttests to compare the performance gain of low and high prior knowledge 

learners in learning from animation with cues.  
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In this study, participants came from different academic majors. Since there were 

lots of technical terms and the animation was long, the participants might have had 

difficulty in understating the content. Thus, this study should be replicated with 

participants who are biology majors. 

Prior knowledge of the participants was taken into account in the current study. 

However, Moreno and Mayer (2007) pointed out that motivation also influences 

performance in multimedia learning. Future research studies should consider using 

motivation scales to measure learners’ motivation towards the content and consider 

motivation as a covariate in their analysis. 

There are a large number of studies investigating the cueing effect in multimedia 

learning. Several of these studies (e.g. de Koning et al., 2007, Moreno & Mayer, 2001; 

Moreno, 2007; Lin, 2011; Ozcelik et al., 2010) highlighted the importance of cueing in 

selecting the relevant information and learning from animations. However, research 

studies examining cueing in animation are limited and those which examined cueing 

provided mixed results. Thus, more research is needed to investigate the effects of 

different cueing strategies when learning from animations.  

One of the possible explanations for the non-significant cueing effect was the 

presentation speed of the instructional animation used in the present study. Participants of 

this study learned through an instructional animation whose presentation speed was 

moderate. However, Kriz and Hegarty (2007) asserted that cues are needed in the high 

speed animation to assist the identification of relevant information. Future research 
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should be conducted by manipulating the presentation speed of the animation. In this 

study, the participants were not given control over the pacing of the instruction and they 

had to wait till the end of the animation to replay it. Hence, further research should 

consider giving more control over the pacing of the animation so that learners can pause, 

replay, and stop the animation at any time.  

Only mental load scale and achievement tests were used in the present study. It is 

unclear whether the cues in the animation achieved their role, directing attention to 

relevant information. Thus, further study is needed to investigate this with eye-movement 

data. In addition to eye tracking data, future studies should use electroencephalography 

(EEG) data to assess the variation of cognitive load while studying the instructional 

material. 

Conclusion 

 This study used a 4x2 factorial between subject design to investigate the effects of 

cueing and prior knowledge on different learning outcomes (retention, transfer and 

matching scores), mental load and study time of college students studying a multimedia 

computer lesson. This study suggested that prior knowledge has a significant effect on 

retention and mental effort. High prior knowledge learners retained more information 

from the instructional material and invested more mental effort than the low prior 

knowledge learners. However, no significant interaction effect of prior knowledge and 

cueing on learning, mental load, and study time was observed. In addition, no significant 

cueing effect was found on learning, mental load or study time. These results suggest that 



Texas Tech University, Ismahan Arslan-Ari, May 2013 
 
 

103 
 

learners were able to comprehend the instructional material without the aid of cues in the 

animation. Furthermore, it may be concluded that directing learners’ attention to the 

relevant information in an animation-based learning environment does not guarantee 

better learning and lower mental load. Other factors, such as, speed of the animation, 

learner characteristics, should be taken into account while designing instructional 

animations with visual cues.  

 The findings of this study expanded the current literature on the effects of cueing 

when learning from instructional animations by providing empirical data. It is still 

unclear how and under which conditions cueing strategies are beneficial, and who 

benefits most from the visual cues. Therefore, there is still a need for further research to 

study the use of cues when learning from instructional animations. 
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Appendix A- Announcement 

EDIT 2318 Students, 

In this class, one of your modules is special topic module which is different from other 
modules. You do not need to study anything. Only your participation will be counted. 
When you attend the research study, we will add 5 points to your final grade. 

You have three special topic weeks to complete this module. First research session will 
be between X and Y, 2011. This session will include two parts. In the first part, you need 
to fill a short questionnaire 1 week before the research session week. Please stop by room 
256 to fill the questionnaire when you come to take your weekly test.  Second part will 
take place between X and Y, 2011. The research sessions will be in room 257 at College 
of Education. You need to sign up for this session.  

To sign up for the research sessions: 

 1. Please go to http://educfmk.educ.ttu.edu/forms/edit2318/mod10/EDITlogin.aspx  

 2. Please fill up the information needed. Make sure you enter your password and section 
number correctly. You are assigned a four digit password which is in the attached file, 
'SpecialTopic-Section1.xls'. 

You are free to choose the date and time for the session you want to attend. But, if you 
sign up for a session from 12:00-1:00 pm for example, you need to be ready in Room 257 
at 12:00.  

Thanks, 

EDIT 2318 instructors. 



Texas Tech University, Ismahan Arslan-Ari, May 2013 
 
 

113 
 

Appendix B-Sample Screenshots of the Instructional Material 

PHOTSYNTHESIS 

 

Figure 3.4.Screenshot of Introduction to the Photosynthesis Animation 

Photosynthesis is the process of converting light energy to biochemical energy in 

the bonds between atoms in a sugar molecule. It occurs in plants, algae, and few species 

of bacteria. Photosynthesis uses carbon dioxide, light and water, produces oxygen and 

sugar as a waste product.  Stomata, mostly on the lower side of the leaves of the plants, 

are the openings for the exchange of oxygen and carbon dioxide as well as water 

evaporation. Guard cells control the opening and the closing of the stomata and the width 

of the opening is based on the light and relative humidity of the environment. The process 

of photosynthesis involves two series of steps called light-dependent reactions and light-

independent reactions.  
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Most of the photosynthesis occurs in the leaves.  In plants, photosynthesis occurs 

in specialized organelles called chloroplasts within the cells of the leaves. 

Chloroplast is surrounded by a double membrane; inner and outer membrane. 

The semi liquid substance within the chloroplast is called the stroma. The internal 

membranes of chloroplasts are organized into sacs called thylakoids. Inside the thylakoid 

is an area called the thylakoid space. Surrounding a thylakoid lumen, thylakoids consist 

of a thylakoid membrane where the first stage of photosynthesis, light dependent 

reaction, takes place. 

LIGHT DEPENDENT REACTION 

 

Figure 3.5.Screenshot of Light-Dependent Reaction Animation 
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Each thylakoid has a series of photosystems and associated proteins. In a plant 

cell, there are two types of photosystems; photosystem I and photosystem II.  

Chlorophyll is the primary pigment of photosystems  Although nearly all visible lights 

can be used in photosynthesis,   chlorophyll absorbs light primarily in the violet to blue 

and also in the red wavelengths, they reflect green wavelengths, which is why leaves 

appear green. The photosystems consists of varying combinations of chlorophyll a, 

chlorophyll b, carotenoid pigment with protein attached and a special reaction-

center molecule of chlorophyll pigment. Although all pigments in a photosystem can 

absorb photons, the reaction-center molecule is the only one that can actually use the 

light energy. The remaining photosystem pigments are called antenna pigments 

because together they function somewhat like an antenna in gathering and passing light 

energy to the reaction center molecule. The reaction-center molecule in photosystem 1 

called P700 absorbs light with a wavelength of 700 nanometer while the reaction-center 

molecule in photosystem 2 called P680 absorbs light with a wavelength of 680 

nanometer. 

 Light dependent reaction starts by using Photosytem II. When the photons of 

light are absorbed by antenna pigments, that energy is eventually transferred to the 

reaction center, P680. When photons reaches to P680, the light energy boosts electrons 

to higher level. This is referred to as exciting electrons. The excited electrons are passed 

to an electron acceptor molecule, phephytin, at the beginning of an electron transport 

system. This is where the water molecule comes into play. Two water molecules bind to 

the water-splitting enzyme at the reaction center. This enzyme splits the water, takes 
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electrons from water and passes them to P680 to replace the electrons given to the 

electron acceptor molecule. With this reaction, alone oxygen atom and a pair of hydrogen 

ions are formed from the water. The oxygen atom quickly finds another oxygen atom 

buddy, pairs up with it and generates Oxygen which is the first product of the light 

dependent reaction. For each two water molecules that are split, one molecule of 

oxygen is produced, along with four protons and four electrons. 

From electron acceptor molecule, electrons are shuttled to another acceptor,  PQ 

(plastoquinone ) within the thylakoid membrane. PQ releases electrons that originated 

from photosystem II to an electron transport system. This electron transport system 

consists of iron-containing pigments called cytochromes and other electron transfer 

molecules plus plasocyanin- a protein that contains copper. When electrons pass along 

the electron transport system and protons subsequently move across the thylakoid 

membrane by chemiosmosis, ATP molecules are formed from ADP. This ATP is the 

second product of light dependent reaction.  

A somewhat similar event occurs in photosystem I. When photons of light are 

absorbed by absorbed by antenna pigments, that energy is eventually transferred to the 

reaction center, P700. When photons reaches to P700. The energy excited electrons, 

which are transferred to an iron-sulfur acceptor molecule. This then passes electrons to 

another iron-sulfur acceptor molecule, Fd (ferredoxin), which, in turn, releases them to a 

carrier molecule, FAD. The enzyme donates the electrons to NADP to produce NADPH. 

This NADPH is the last product of light dependent reaction.  
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LIGHT INDEPENDENT REACTION 

 

Figure 3.6.Screenshot of Light-Independent Reaction Animation 

The light independent reactions take place in the stroma of the chloroplasts as 

long as the products of the light dependent reactions are present. They do not directly 

need light in the same sense that light dependent- reactions do. However, they normally 

take place only during daylight hours because some of the enzymes involved in the light 

independent reactions require light for their activation or conversion to a form in which 

they can actively catalyze steps of the light independent reactions. 

The heart of the light independent reactions is the Calvin Cycle.  Calvin Cycle is a 

series of reactions that results in conversion of carbon dioxide into glucose. It has five 

main steps.  
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Firstly, carbon dioxide from the air combine with RuBP with the aid of enzyme 

rubisco.  

The resulting 6-carbon molecule is unstable and quickly splits into two 3-carbon 

molecules known as PGA , the first stable compound formed in the photosynthesis. 

The NADPH which has been temporarily holding hydrogen and electrons released 

during the light-dependent reactions and ATP which is also from light-dependent 

reactions supply energy and electrons to chemically reduce the pair of  PGA to two 

molecules of G3P. 

Several of the G3P combine to make glucose while others are restructured, using 

another ATP and became RuBP which are reused in the Calvin cycle. To generate an 

entire new glucose molecule, the cycle has to turn several times because each turn of the 

cycle adds only one carbon atom from each molecule of carbon dioxide.  To make one 

glucose molecule it requires 6 turns of the Calvin cycle. G3P, also known as triose 

phosphate, can also be used to form other carbohydrates such as starch, sucrose, and 

cellulose, depending on what the plant needs. 

PHOTOSYNTHESIS SUMMARY 

Photosynthesis is the process of converting light energy to biochemical energy in 

the bonds between atoms in a sugar molecule. The process of photosynthesis takes place 

in two series of steps called light-dependent reactions and light-independent reactions. 

Light reaction produces NADPH, ATP and Oxygen. NADPH and ATP are used in the 
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light independent reaction,which produces ADP, P, NADP and glucose. ADP, P and 

NADP are back to the thylakoid to be used in the light dependent reactions.  

 

Figure 3.7.Screenshot of Summary of the Photosynthesis Animation 
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Appendix C- Personal Information Questionnaire 

 

1. Gender  :      Female            Male 

2. Age   : 

3. Major   : 

4. Ethnicity  :  

African American  

Asian 

Hispanic 

Native American 

White 

 

5. Academic classification:     Freshman            Sophomore              Junior              

Senior  

6. Cumative GPA : 
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Appendix D-  Preknowledge Questionnaire 

Section 1 

1. Have you taken a college-level general Biology course?       

    Yes    No              

 If yes, how many college biology courses have you taken? 

  1 2 3 More than 3 

2. Have you taken a college-level Chemistry course? 

    Yes    No              

 If yes, how many college chemistry courses have you taken? 

  1 2 3 More than 3 

3. Have you taken a college-level Plant biology course? 

    Yes    No              

 If yes, how many college Plant biology courses have you taken? 

  1 2 3 More than 3 

 

Section 2: Please place a check on each of the following 5-point scales (1 = I don’t know 

at all, 5 = I know very well) indicating your level of knowledge of the photosynthesis. 

1. The functions of chlorophyll 
I don’t know at all   1 2 3 4 5 I know very well 

2. How photosythesis occurs 
I don’t know at all   1 2 3 4 5 I know very well 

3. How light dependent reaction occurs 
I don’t know at all   1 2 3 4 5 I know very well 

4. How light independent reaction occurs 
I don’t know at all   1 2 3 4 5 I know very well 

5. The structure of photosystems 
I don’t know at all   1 2 3 4 5 I know very well 

6. The functions of stomata 
I don’t know at all   1 2 3 4 5 I know very well 
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7. The number calvin cycle turns needed to produce one glucose molecule 
I don’t know at all   1 2 3 4 5 I know very well 

 

Section 3: For each question,  please select the correct answer among a set of four 
options.  

8. ____________ absorbs the light energy. 
 

a) Cytoplasm 
b) Chlorophyll 
c) Cellular membrane 
d) Centrosome 

 
9. Which of the following statements about photosynthesis is NOT correct? 

a) The equation of the photosynthesis is 6CO2 + 12H2O + light energy    
C6H12O6 (Glucose) + 6O2+ 6H2O  

b) Photosythesis is the process of converting light energy to chemical energy. 
c) Light required for photosythesis is absorbed by mitochondria. 
d) Amount of water, temprature and light intensity in the environment might 

affect the rate of photosynthesis. 
 

10. Which of the following statements about light dependent reaction is NOT correct? 
a) It takes place in thylakoid membrane 
b) It uses carbondioxide as an input. 
c) It produces oxygen, ATP and NADPH as a product. 
d) It is the first step of the photosythesis. 

 
11. In the light-independent reactions of photosynthesis in plants: 

a) Oxygen is used to poduce glucose. 
b) NADPH ad ATP are used to produce glucose in the stroma. 
c) Glucose is used to produce carbondioxide. 
d) Water molecules are split. 

 
12. Which of the following is correct for photosystems in plants? 

a) All pigments in a photosystem cannot absorb photons. 
b) In a cell, there are three types of photosystems; photosytem I, photosystem II 

and photosystem III. 
c) Photosystems produce ADP. 
d) While Photosytem I has P700 , Photosytem II has P680 reaction molecules. 
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13. The openings for gas exchange is  called __________ 
a) Membrane 
b) Thlakoids 
c) Stomata 
d) Chlorophyll 

 
14. In Calvin cycle, to make one glucose molecule how many of the Calvin cycle is 

needed? 
a) 3 
b) 4 
c) 5 
d) 6 
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Appendix E- Retention Test 

Directions : Answer the following the questions briefly. 

1) What is photosynthesis? In which organelle does it take place in plant cells? 
 

2) Explain the light-dependent reaction briefly. 
 

3) What are the functions of stomata in photosynthesis? 
 

4) How does photosystem I differ from photosystem II? 
 

5) Although a light independent reaction does not need light why it only takes place 
during daylight hours? 
 

Directions: For each question, please select the correct answer among a set of four 
options 

 
6) Which is the following is the equation describing the process of photosynthesis? 

a) O2+ 6H2O + light energy    C6H12O6 (Glucose) + 6CO2 + 12H2O 
b) 6CO2 + 12H2O + light energy    C6H12O6 (Glucose) + 6O2+ 6H2O 
c) C6H12O6 (Glucose) + 6 H2O + light energy 6O2+ 6H2O 
d) CO2 + 12H2O + light energy    C6H12O6 (Glucose) + 6O2 

 
 

7) Where do the light-dependent reactions take place? 
a) thylakoid membrane 
b) stroma 
c) inner membrane 
d) granum 

 
8) Where do the light-independent reactions take place? 

a) thylakoid membrane 
b) stroma 
c) inner membrane 
d) granum 
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9) What are the inputs of light dependent reaction? 
a) NADPH and ATP 
b) Water, light and oxygen 
c) Light and water 
d) Light, water and ATP 

 
10) What are the products of light dependent reactions? 

a) Oxygen, ATP ad NADPH 
b) Water and NADP 
c) ADP and P 
d) Oxygen, ADP and NADP 

 
11) What are the inputs of light independent reactions which are released from light 

dependent reactions? 
a) ATP 
b) Oxygen and Water 
c) Glucose, P and Oxygen 
d) NADPH and ATP 

 
12) What are the products of light independent reactions? 

a) Oxygen, ATP ad NADPH 
b) Water and NADP 
c) Glucose,NADP, ADP and P 
d) Oxygen and Glucose 

 
13) ____________ absorbs energy from the light. 

 
e) Cytoplasm 
f) Stroma 
g) Chlorophyll 
h) Cytochrome 

 
 

14) How many times a Calvin cycle needs to turn to make 5 glucose molecule? 
a) 18 
b) 20 
c) 24 
d) 30  
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15) How many molecules of carbon dioxide must enter the Calvin cycle in order for 
the plant to produce a sugar containing 4 carbon atoms? 
 

a) 4  
b) 8 
c) 10 
d) 12 
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Appendix F- Transfer Test 

Directions: Answer the following questions briefly. 

 
1. What factors might affect the rate of photosynthesis?  

 

2. Two same plants were exposed either to only red light or to only green light. 
Which plants should grow better? Why? 

 

3. If carbon dioxide is reduced from a plant’s environment, what would you expect 
to happen? 
 
 

4. A student prepared a beaker with a water plant as shown in the following figure. 
Then she placed it beside the fluorescent lamp. Then, she systematically change 
the distance of the beaker from the lamp. She counted the bubbles given off. What 
does air bubbles shows? 
Draw a graph shows the number of bubbles at different distances from the 
fluorescent lamp?  
 

 
5. Two same plants were grown in regular light and other two plants are grown in 

shade. What kind of difference is observed in response to light? Why? 
 
 

6. A student makes an experiment with tomato plants. She kept all the conditions 
same, but increase the temperature of the environment. What happen to 
photosynthesis in tomato plants? Why? 
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Appendix G- Matching Test 

Direction: The numbers in the pictures below represent the molecules/products that are 
used/produced during the reactions of photosynthesis. Your task here is to match each 
molecule/product from the right column with its corresponding place in the picture. Type 
the letter associated with the molecule/product (i.e., a, b, c...) in the blank space next to 
the place number. 

Section 1: 

 

1 -     a- Photosytem I 

2-     b- Photosystem II 

3-    c- Chlorophyll a  

4-    d- Chlorophyll b 

5-    e- P700 

6-    f-  P680 
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7-    g-  Antenna pigments 

8-     h-  PQ 

9-    i-  Phephytin 

10-    j-  Cytochrome 

11-    k-  Plasocyanin 

12-    l-  FAD 

13-    m-  Fd 

14-    n-  Fe-S 

15-    o-  Thylakoid space 

16-    p-  Stroma 

17-    r-  Enzyme 

18-    s-  Caretenoid 

Section 2: 
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1 -    a - Water 

2 -    b - Glucose 

3 -    c - Oxygen 

4 -    d - NADP 

5 -    e - NADPH 

6 -    f - ATP 

7 -    g - ADP +P 

8 -    h - Carbon dioxide 
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Appendix H- Protocol 

Welcome, 

Today we are asking you to participate in a research study for research module in EDIT 
2318. This research session will take approximately 45 minutes.  It includes two stages; 

 1st stage: You will study some instructional materials. You do not have time limit 
to study the material. 

 2nd stage: You will be given a test related to the instructional material.  

In this study, we are interested in exploring how to improve learning from multimedia 
learning environments. In order to protect the reliability and validity of the study, we ask 
that you: 

 Be present for the entire duration of the study. 
 Actively participate by studying the material presented until you understand the 

topic. 
 Complete the assessment questions at the end of the session. 

You may choose to leave the experiment at any time and receive partial credit. 

Any questions concerning this study can be addressed to Ismahan Arslan-Ari at 

ismahan.arslan@ttu.edu  

 

Thank you very much for your participation. 

 

 

 

 

mailto:ismahan.arslan@ttu.edu
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Appendix I- Normality Tests  

Table 4.15 

Shapiro-Wilk Normality Test for Prior Knowledge and Cueing Strategy 

 
Cueing Strategy Prior Knowledge 

Shapiro-Wilk 
Dependent Variables Statistic df p 

Retention  No cueing Low Prior Knowledge .965 29 .440 
High Prior Knowledge .986 23 .981 

Label cueing Low Prior Knowledge .979 23 .889 
High Prior Knowledge .955 27 .290 

Label & Picture cueing Low Prior Knowledge .957 26 .337 
High Prior Knowledge .980 21 .928 

Picture Cueing Low Prior Knowledge .939 27 .114 
High Prior Knowledge .953 24 .311 

Transfer  No cueing Low Prior Knowledge .971 29 .580 
High Prior Knowledge .969 23 .674 

Label cueing Low Prior Knowledge .960 23 .462 
High Prior Knowledge .973 27 .680 

Label & Picture cueing Low Prior Knowledge .965 26 .511 
High Prior Knowledge .959 21 .499 

Picture Cueing Low Prior Knowledge .958 27 .325 
High Prior Knowledge .968 24 .629 

Matching  No cueing Low Prior Knowledge .880 29 .003* 
High Prior Knowledge .927 23 .096 

Label cueing Low Prior Knowledge .907 23 .035* 
High Prior Knowledge .927 27 .057 

Label & Picture cueing Low Prior Knowledge .871 26 .004* 
High Prior Knowledge .836 21 .002* 

Picture Cueing Low Prior Knowledge .918 27 .035* 
High Prior Knowledge .896 24 .018* 

Mental Effort No cueing Low Prior Knowledge .925 29 .040* 
High Prior Knowledge .897 23 .022* 

Label cueing Low Prior Knowledge .948 23 .264 
High Prior Knowledge .874 27 .004* 

Label & Picture cueing Low Prior Knowledge .957 26 .338 
High Prior Knowledge .926 21 .116 

Picture Cueing Low Prior Knowledge .954 27 .261 
High Prior Knowledge .942 24 .183 

*p<.05 
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Table 4.16 

Skewness and Kurtosis Values of Retention, Transfer, Matching and Mental Effort 

Cueing Strategy Prior Knowledge 

Skewness Kurtosis 

Statistic SE Statistic SE 

No cueing 

Low Prior Knowledge 

Retention score .524 .434 .911 .845 
Transfer score .510 .434 .641 .845 
Matching score .901 .434 -.264 .845 
Mental effort -.369 .434 -.882 .845 

High Prior Knowledge 

Retention score .042 .481 -.655 .935 
Transfer score -.324 .481 .275 .935 
Matching score -.073 .481 -1.403 .935 
Mental effort -.823 .481 .889 .935 

Label cueing 

Low Prior Knowledge 

Retention score .170 .481 -.256 .935 

Transfer score .272 .481 -.512 .935 
Matching score -.182 .481 -1.377 .935 

Mental effort -.157 .481 -.769 .935 

High Prior Knowledge 

Retention score .427 .448 -.160 .872 

Transfer score .222 .448 -.261 .872 
Matching score .814 .448 .022 .872 

Mental effort -1.133 .448 1.205 .872 

Label & Picture cueing 

Low Prior Knowledge 

Retention score -.358 .456 -.300 .887 

Transfer score .556 .456 .235 .887 
Matching score 1.211 .456 .884 .887 

Mental effort -.251 .456 -.758 .887 

High Prior Knowledge 

Retention score .117 .501 -.443 .972 

Transfer score .690 .501 .346 .972 
Matching score .568 .501 -1.418 .972 

Mental effort .412 .501 -.676 .972 

Picture Cueing 

Low Prior Knowledge 

Retention score .724 .448 -.081 .872 

Transfer score -.386 .448 -.309 .872 
Matching score .843 .448 .248 .872 

Mental effort .353 .448 -.106 .872 

High Prior Knowledge 

Retention score .720 .472 .681 .918 

Transfer score .097 .472 -.389 .918 
Matching score .739 .472 -.648 .918 

Mental effort .077 .472 -.400 .918 
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Appendix J- Homogeneity of Variance and Covariance Assumptions 

Table 4.17 

Levene's Test of Equality of Error Variances for all groups 

 F df1 df2 Sig. 

Retention  2.884 3 192 .007* 
Transfer  .538 3 192 .81 
Matching 1.491 3 192 .17 
Mental Effort  .42 7 192 .89 
Study Time 4.36 7 192 .00* 

*p< .05 

 
 

Table 4.18 

Levene's Test of Equality of Error Variances for Low Prior Knowledge Group 

 F df1 df2 Sig. 

Retention  2.884 3 101 .23 
Transfer  .538 3 101 .52 
Matching 1.491 3 101 .21 

*p< .05 
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Table 4.19 

Levene's Test of Equality of Error Variances for High Prior Knowledge Group 

 F df1 df2 Sig. 

Retention  2.884 3 91 .41 
Transfer  .538 3 91 .82 
Matching 1.491 3 91 .20 

*p<0.05 
 

Table 4.20  

Box's Test of Equality of Covariance Matrices (two-way MANOVA) 

Box's M 50.49 
F 1.14 
df1 42 
df2 56795.03 
Sig. .24 

*p<0.05 
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Table 4.21  

Box's Test of Equality of Covariance Matrices (one-way MANOVA for Low Prior 

Knowledge Group) 

Box's M 20.63 
F 1.08 
df1 18 
df2 33940.64 
Sig. .36 

*p<0.05 
 

 

Table 4.22  

Box's Test of Equality of Covariance Matrices (one-way MANOVA forHigh Prior 

Knowledge Group) 

Box's M 17.81 
F .93 
df1 18 
df2 27368.61 
Sig. .54 

*p<0.05 
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Appendix K -IRB Approval 
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Appendix L- Copyright Permissions 
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