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The purpose of this study was to investigate why advance organizers (AO) are effective in 

promoting comprehension and mental model formation in terms of cognitive load. Two 

experimental groups: a concept-map AO group and a key-word AO group and one control 

group were used. This study considered cognitive load in view of Baddeley’s working 

memory model: central executive (CE), phonological loop (PL), and visuo-spatial sketch 

pad (VSSP). The present experiment directly examined cognitive load using dual task 

methodology. The results were as follows: central executive (CE) suppression task 

achievement for the concept map AO group was higher than the key word AO group and 

control group. Comprehension and mental model construction for the concept map AO 

group were higher than the other groups. These results indicated that the superiority of 

concept map AO owing to CE load decrement occurred with comprehension and mental 

model construction in learning. Thus, the available resources produced by CE load 

reduction may have been invested for comprehension and mental model construction of 

learning contents. 
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Introduction 
 

All learning experiences should be meaningful to students in face-to-face 

classrooms and e-learning environments. One way to make learning meaningful is 

to provide the learner with background information related to the up-coming 

learning topic in advance, especially when he or she does not have relevant prior 

experience and knowledge of the learning content. Specific advance information is 

able to facilitate schema construction in long-term memory.  

Although many studies have been performed on the effectiveness of Advance 

Organizers (AO) types, there is still a lack of understanding regarding how and why 

AOs are effective (Duke & Rinck, 2006, Langan-Fox, et al., 2006, Sutherland, et al., 

2003). If an AO improves achievement, what’s the reason for this? Previous AO 

studies (Larkin & Simon, 1987; Robinson & Kiewra, 1995; Langan-Fox, et al., 2000) 

revealed the superiority of graphic AOs compare to linear AOs. Graphic AO, the 

construction of which is based on a spatial arrangement of words to convey 

concept relations, has a format that may be more appealing than that of linear 

organizers. Graphic AO supports efficient computational processes (Robinson & 

Skinner, 1996), promotes elaborative processing and decreases memory load 

(Baddeley, 1986, 1998, 2001). However, previous studies didn’t explain why graphic 

AO is more efficient than linear AO, nor did they measure the decrease of 

cognitive load according to AO type. A single test was used to investigate AO 

effects (Oh & Kim, 2006), it’s only a short-term effect. The results cannot explain 

how an AO affects the connection between new knowledge and prior knowledge in 

long-term memory. Therefore, this study implemented immediate and delayed 

mental model formation tests to confirm the effect of an AO in long-term memory. 

The purpose of this study is to investigate AO effect in terms of cognitive load. 

In order to find the answers to these questions, the present experiment examines 

cognitive load in a dual task situation after students learned the concept map AO as 

a graphic AO and the key word AO as a linear AO. 
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AO Type and Learning Achievement 
 

 Many empirical studies have examined the effect of providing advance 

information to the to-be-learned topic in terms of memory and knowledge 

acquisition (Asubel, 1960; Mayer, 1978, 1979a, 1979b, 1983, 1989; Rawson & 

Kintsch, 2002; Schwartz et al., 1998, Sutherland et al., 2003). In relation between 

achievement and cognitive load according to AO types, it was predicted that there 

was no significant difference in retention among groups. It was inferred that no 

particular learning strategies are needed because retention tasks demand a small 

amount of working memory resources. Therefore, the AO type didn’t affect the 

retention scores. However, it was predicted that there would be a significant 

difference in comprehension among groups. Comprehension tasks need more 

resources than retention tasks. AO-provided groups were able to prepare schema 

construction prior to learning therefore, they needed less working memory 

resources than the control group. Comprehension of the concept map AO group 

should be higher than the key word AO group because a key word AO requires 

more resources in inferring meaning and concept relationships than a concept map 

AO.   

Mental model is the representation that integrates propositions from the text 

base with pictorial elements from the visual image into a new, coherent structure 

representing the entities (Duke & Rinck, 2006). It means learning is beyond 

comprehending the text itself and it is an understanding of the situation described 

by the text (Chi & Kim, 2004; McNamara, et al., 1996; Kintsch, 1986, 1993). That is, 

learners are coming to integrate AO with learning materials and reorganizing their 

own knowledge structures in long-term memory. These integrations and 

organizations are assumed to require working memory resources. Concept map AO 

would better facilitate mental model formation than key word AO because of its 

computational efficiency (Larkin & Simon, 1987). Is it possible that a certain AO 

type can reduce the cognitive load? To examine this point, this study used dual task 
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methodology to measure cognitive load. 

 

 

Advance Organizers and Cognitive Load  
 

Cognitive load is based on several assumptions of human cognitive architecture: 

unlimited capacity of long-term memory, schema theory of mental representation, 

and limited capacity of working memory. Working memory is consisted of a multi-

component model: phonological loop (PL), visuospatial sketchpad (VSSP) and 

central executive (CE) (Baddeley, 1986, 1998, 2001, 2006). The central executive 

was envisioned as a control system of limited attention capacity that is responsible 

for the manipulation of information within working memory and for controlling 

the two subsidiary storage systems: the phonological loop and the visuospatial 

sketchpad. The phonological loop was assumed to be responsible for the storage 

and maintenance of information in a phonological form, while the visuospatial 

sketchpad was dedicated to the storage and maintenance of information in a visual 

and spatial form. Cognitive load is determined as the loads of the three working 

memory subcomponents. 

Although cognitive load theory has provided theoretical background in 

multimedia learning and web-base learning (Mayer & Moreno, 1998, 2000, 2003; 

Moreno & Mayer, 2000, 2003; Merrienboer  et al, 2002: Merrienboer & Sweller, 

2005; Sweller, 1988, 1994; Sweller  et al., 1998), these studies didn’t directly assess 

actual cognitive load (Brunken, et al, 2002, 2003). In particular, they ignored the 

role of CE in multimedia learning (Sutherland, et al., 2003). Relatively few studies 

have examined the working memory load: PL, VSSP, and CE in multimedia 

learning and web-based learning. (Oh & Kim, 2003; Jin & Oh, 2003; Oh & Jin, 

2004; Oh & Kim, 2006). 

The present study was to directly evaluate working memory load using dual-task 

methodology. The method is based on the assumption that the processing capacity 
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of working memory is limited but can be flexibly allocated (Baddeley, 1986, 1998, 

1999; Miyake et al., 2000). If two tasks have to be processed at the same time, 

cognitive resources have to be shared between the two tasks. This means that fewer 

resources are available for processing each individual task than would be available 

for processing a single-task. Because students would be attempting to perform two 

tasks at the same time, it's likely that one task might interfere with performance on 

the other task (Baddeley, 1986, 1998; Furst & Hitch, 2000; Robinson et al., 1999; 

Whitney, et al., 2001). In this experiment, subjects had to process primary learning 

tasks while secondary tasks suppressed working memory sub-components. 

In a dual task situation, if the concept map AO was presented prior to target 

learning, students could easily compose the concepts’ relation and hierarchy about 

the up-coming learning topic. Students who were provided a concept map AO 

would experience less load in solving primary learning tasks and secondary tasks 

simultaneously than other groups. It is predicted that the concept map which has 

an efficient computational process (Robinson & Skinner, 1996) would decrease 

cognitive load. Therefore, subjects would get higher scores in the primary learning 

task as well as the secondary task because of the decline of cognitive load resulted 

from the nature of concept map AO.  

 

 

Method 
 

Participants  
 

In order to test these hypotheses, fifty-four participants who were 

undergraduates in C University teachers' college participated in this study. Students 

were randomly assigned to one of the three groups: a concept map AO group, a 

keyword AO group, and a control group. All participants took a pretest for prior 

knowledge and a post-test which comprised of retention, comprehension and 
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mental model formation tests. Two students’ data were eliminated from the study 

because the result of working memory test had errors. Finally the concept map AO 

group was comprised of 16 participants, the keyword AO group was comprised of 

20 participants, and the control group was comprised of 14 participants. 

 

Instruments 
 

Pre-test materials 

The pretest for prior knowledge consisted of 20 questions about the content 

domain. After the test was developed by two subject experts (a doctor and a 

biology teacher), the study conducted a pilot test to obtain validation. Then, the 

awkward sentences of the test were amended. The test was administered as a paper-

pencil test.  

 

Post-test materials 

Performance was assessed by using a test with 35 items including tasks for 

retention, comprehension, and mental model formation. The retention items 

included simply memorized and recalled factual knowledge. The retention tests 

were made up of 20 multiple-choice items. The comprehension tests consisted of 

items, which were beyond the just-memorized factual knowledge. These items 

required the interpretation of factual knowledge and inference of an unknown fact 

from a known fact. The comprehension test was designed as a 15-item multiple-

choice test. 

Mental model is an internal representation of objects, actions, situations to 

people and is built on experience and observation (Cook, 2006; deSessa, 1993, 

Langan-Fox, et. al., 2004). To measure a mental model, subjects were asked to draw 

a concept map to represent concept relationships in the learning tasks as best as 

they could after the learning program. The concept map has widely been used to 

measure quality and quantity of learning achievement. We developed the 
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framework of evaluation criterion using previous studies (Kim, 2002; Chi & Kim, 

2004; Liu, 2004; Novak, 1998; Novak & Gowin, 1984; Mason, 1992; Rye & Rubba, 

2002). Our concept map scoring criteria was as follows: the number of concepts, 

the accuracy of their relationships, and the cross-links and concept hierarchies. 2 

raters, subject-matter-expert assessed students’ concept map comparing to expert 

concept map. 

 

Learning program 

Learning program was made as a web-based instruction (WBI) program and 

consisted of two steps: an AO-learning step and a task performing step. Firstly, in 

the AO-learning step, while the concept map AO group was provided with a 

concept map (fig. 1) about diabetes for 5 minutes before the task performing, the 

key word AO group was provided with a word list (fig. 2) concerning diabetes for 5 

minutes. Although both experiment groups were different in form, they 

equivalently had the number of 25 concepts due to consideration about fair 

information amounts. However, the control group’s learning program did not 

contain a step for AO-learning. 

 

 
Figure 1. Concept map of concept map AO 
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Figure 2. A word list of keyword AO 

 

Secondly, the task performing step had a total of 42 task sessions, and a task 

session consisted of a combination of a primary task and a secondary task like 

figure 3, that is, a problem question pertaining to the secondary task, a reading task 

pertaining to the primary task and answering the secondary task problem question. 

Primary tasks were reading materials on diabetes and secondary tasks were working 

memory suppression tasks to measure cognitive load. When students learn the 

primary task, they also have to hold the working memory suppression task 

simultaneously because they need to answer the secondary task problem question at 

the end of the task. 

 

  
Screen 1. 

Question on secondary task 
Screen 2.  

Primary task 
Screen 3.  

Answer on secondary task 

Figure 3. A session sample in learning program 
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The primary tasks focused on diabetes and the contents contained five 

categorized areas such as causes, symptoms, complications, types of diabetes, and 

the pancreas which is an important internal organ related to diabetes. This theme 

was very unfamiliar to the subjects, so it was a very appropriate learning task to 

investigate the effectiveness of AO types in respect to cognitive load. Primary task 

screens were kept for at the least 15 seconds and were automatically changed to the 

next screen after 15 seconds.  

The secondary tasks were designed for working memory suppression, with the 

purpose of measuring cognitive load because the secondary task is added to the 

primary task in hopes of inducing memory load. Subjects had to process both 

primary tasks which contain contents of diabetes and secondary tasks which were 

to suppress working memory subcomponents: CE, PL and VSSP. The CE working 

memory suppression task was a modification of letter memory task used in the 

studies of Morris & Jones (1990) and Miyake et al. (2000). These memory updating 

tasks which were used in the CE working memory load task need the CE resource 

to learn a primary task. Instead of the letter memory task, a number memory task 

randomly presented a number from 0 to 9 every second on a computer monitor. 

The experimenter explained to the subject that the length of a given number set 

might be six, eight or ten digits and the ordering of these lists was random. They 

were also told that they should recall only the last four numbers presented. Students 

had to choose an answer within 3 seconds. The PL working memory load task was 

a modified task used in the study of Robinson et al. (1999, 2002). Unlike the 

Robinson study that used numbers, this experiment presented five different Korean 

language consonants in the central location of a computer monitor for 3 seconds. 

The subjects had to identify the same consonant list in multiple choice items. The 

VSSP working memory load task was similar to those used in the experiment of 

Robinson et al. (1996, 1999, 2002). It consisted of a rectangle grid, nine cells by 

nine cells, and five solid black dots. First, a configuration screen was presented for 

3 seconds. In the next screen, subjects had to select the same configuration among 
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four choices.  

The learning program was developed on PHP language for the Windows XP 

operating system by a researcher and a programmer. The content validity of the 

program was checked by two subject matter experts (a doctor and a teacher of 

biology). Also, to improve the reliability and validity of the experiment, a pilot test 

was administered to 12 students who didn't attend the experiment. 

 

 

Procedure 
 

In a forty-five minute e-learning class offered a week prior to the experiment, 

subjects learned what concept maps are and how to draw them. Also, they had to 

perform and submit an assignment about concept maps to confirm whether they 

understood concept maps or not. After confirming the assignments, researchers in 

the study gave an extra lesson to students who did not understand concept maps. 

Then, in the experiment, participants first completed a pretest which assessed their 

prior knowledge concerning the content domain for 10 minutes. After finishing the 

pretest, the experimenter guided participants on how to operate the learning 

program and provided a practice session for about 10 minutes on how to operate 

the computer program properly. Then, subjects had to enter a personal ID and 

began the learning program. In the learning task, two experimental groups 

performed AO-learning in the first step for 5 minutes. Next, they did task 

performing which consisted of 42 sessions that combined the primary tasks and the 

secondary tasks. Students were told that they would be attempting to do two things 

at once and that they should try to do their best at both tasks. Participants learned 

contents on diabetes while undertaking one of the interference tasks targeting 

working memory subcomponents. To prevent memory effect of presentation 

sequence, the working memory load tasks: CE, PL, and VSSP working memory 

load tasks were randomly presented. The second step took about 30 minutes for 
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subjects to complete. 

After the learning program was finished, subjects took a break for 5 minutes. 

Then, they started a paper-pencil post-test: retention, comprehension, and mental 

model test. Retention and comprehension tests consisted of multiple choice items 

and the mental model test required participants to draw a concept map. After one 

week, students had to draw a concept map on diabetes again to measure whether 

AO affected forming a mental model or not. 

 

 

Data Analysis 
 

The study used ANCOVA to test achievement on the primary tasks (retention, 

comprehension, and mental model) among the three groups according to AO type. 

Prior knowledge was disposed by covariance, AO types were independent variables 

and learning task scores were dependent variables. For the display between-subjects 

effect, results of a Levene's test supported the homogeneity of variance assumption 

(α>.05). ANOVA was used to analyze the working memory load task according to 

the AO type. In addition, repeated measures of ANOVA were used to analyze the 

difference between immediate and delayed mental model formation scores. All 

statistical tests were conducted at the level of significance of α =.05. 

 

 

Results 
 

AO types and learning achievement 
 

Table 1 presents the means and standard deviations for scores on retention and 

comprehension tasks by AO type. There was no significant difference in retention 

scores between AO types (F2, 48 = 1.523, p>.05). 
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Table 1. Mean score on learning achievement by AO type 

Retention 
(max: 20) 

Comprehension  
(max: 15) Group N 

M SD M SD 

Concept map AO 16 16.74 .60 12.89 .57 

Key word AO 19 15.37 .43 11.14 .41 

Control 17 15.66 .51 9.36 .49 

 

 
Figure 4. Learning achievement sub-component comparison 

 

However, comprehension achievement among groups had a significant 

difference (F 2, 48=8.712, p<.05). Participants who received AO scored higher on 

the comprehension test than the control group. The post hoc Tukey tests showed 

the differences between the concept map AO group and the keyword AO group 

and between the keyword AO group and the control group. 

 

Mental model tests score by AO type 

 

Also, Table 2 shows means and standard deviations for scores on mental model 

tasks according to AO type. In the immediate mental model test, participants who 

were in the concept map AO group acquired higher scores than the keyword AO 
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group and the control group. ANCOVA revealed a significant difference among 

the groups (F2, 48=3.428, p<.05). The post hoc Tukey tests showed the differences 

between the concept map AO group and the keyword AO group, the concept map 

AO group and the control group. Performance of mental model formation for the 

concept map AO group was more highly maintained than the key word AO group 

and the control group.  

 Repeated measures ANOVA were used to analyze the difference between the 

immediate and delayed tests on the formation of mental model. The results of 

repeated measures ANOVA revealed that there was a significant statistical 

differences (F1, 49=9.827, p<.05). Performance of mental model formation for the 

concept map AO group was more highly maintained than the key word AO group 

and the control group.  

 

Table 2. Descriptive statistics of mental model according to time interval 

Immediate M M S* Delayed M MS 

Group N 
M SD

Corrected 

Average
SE M SD

Corrected 

Average 
SE 

Concept map AO 16 31.00 6.36 29.79 2.12 29.44 5.48 28.69 2.16 

Key word AO 19 23.37 6.69 23.67 1.50 20.37 8.02 20.55 1.52 

Control 17 20.65 5.93 21.50 1.81 17.41 5.08 17.91 1.84 

Total 52 24.83 7.57   22.19 8.06   

* Mental Model Scores 

 

AO types and cognitive load  

 

Table 3 and Fig. 5 present means and standard deviations for scores on working 

memory load (WML) tasks by AO type. The mean of CE WML tasks on the 

concept map AO group was higher than the other groups. A one-way ANOVA of 

CE WML tasks on AO type revealed a significant difference (F2, 49=5.477, p<.05). 
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The post hoc Tukey tests showed the differences between the concept map AO 

group and the keyword AO group and the control group. As Table 3 depicted, the 

mean of PL and VSSP tasks for the concept map AO group was higher than the 

other two groups. However, there was no significant difference among the groups 

(p > .05). 

 

Table 3. Mean score on WML sub-component 

CE (max:15 ) PL (max: 13) VSSP (max: 14) 
C N 

M SD M SD M SD 

Concept map AO 16 14.31 1.08 10.88 1.89 13.06 1.39 

Key word AO 19 12.05 2.90 9.11 2.64 12.37 1.61 

Control 17 13.18 1.38 9.59 2.60 12.53 1.38 
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Figure 5. WML sub-component comparison 



Effects of Different Advance Organizers on Mental Model Construction and Cognitive Load Decrease 

 159

Discussion 
 

The purpose of this study was to investigated the advantages of graphic AOs 

compared to linear AOs with respect to cognitive load. In general, AO presented 

before the target learning material significantly facilitated integration of the 

experience into a general knowledge representation. To define the reason why AO 

could help learning, the present experiment consider between learning achievement 

and working memory load: CE, PL, and VSSP in dual-task situations.  

Firstly, in the retention and comprehension scores of learning tasks in dual-task 

condition, there was no significant difference in retention corresponding to AO 

type. These results were in accord with our prediction because retention tasks were 

simple. It has been concluded that retention tasks do not require heavy resources. 

However, there were a significant differences among AO types with respect to 

comprehension scores. The comprehension achievement of AO groups 

outperformed than the control group. Especially, comprehension achievement of 

the graphic AO group was higher than the linear AO group. These results verified 

the prediction that the advantage of the concept map should facilitate 

comprehension. Secondly, there was a significant difference among groups with 

respect to comprehension scores. The difference was between the concept map AO 

group and other two groups: the keyword AO group and the control group. After 

one week, the delayed mental model test also showed the effect of a concept map 

AO. The results showed that the concept map AO group organized knowledge 

structure in long-term memory better than the other groups. The difference in 

concept mapping by time intervals justified that the concept map AO could prevent 

forgetting in memory. It can be inferred that the concept map AO improves 

comprehension of text content and organization of schema construction in long-

term memory.   

Thirdly, memory load task achievement in undertaking the primary learning task 

was measured according to the AO type. The results showed CE working memory 
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load task achievement of the concept map AO group was significantly higher than 

the other groups. What was interesting is that CE load task achievement for the key 

word AO group was lower than the control group though there was not a 

significant difference. In actuality, the key word AO group acquired higher 

achievement than the control group in the primary learning tasks (comprehension, 

mental model formation). However, the secondary task scores of the key word AO 

group were lower than the control group. This means that in dual task situation, the 

key word AO group experienced more cognitive load than the control group. In 

conclusion, the nature of the concept map AO could decrease cognitive load on the 

CE and available CE resources could be invested towards comprehension and 

mental model formation. These results can also be interpreted as indication that the 

nature of graphic AO facilitates schema construction and helps overcome working 

memory limit capacity, especially for the CE. 



Effects of Different Advance Organizers on Mental Model Construction and Cognitive Load Decrease 

 161

Reference 

 

Ausubel, D. P. (1960). The use of advance organizers in the learning and retention 

of meaningful verbal material. Journal of Educational Psychology, 51, 267-272. 

Baddeley, A. D. (1986). Working memory. Oxford: Clarendon Press. 224-253. 

Baddeley, A. D. (1998). Working memory. Life Science, 321, 167-173. 

Baddeley, A. D. (2001). Is working memory still working? American Psychologist. 56(1), 

851-864. 

Baddeley, A. D. (2006). The multi-component model of working memory: 

exploration in experimental cognitive psychology. Neuroscience 139 . 5–21  

Brunken, R., Plass, J. L., & Leutner, D. (2003). Direct measurement of cognitive 

load in multimedia learning. Educational Psychologist, 38(1), 53-61.  

Brunken, R., Steinbacher, S., Plass, J. L., & Leutner, D. (2002). Assessment of 

cognitive load in multimedia learning using dual-task methodology. 

Experimental Psychology, 49(2), 109-119.  

Chi, F. S., & Kim, H. S. (2004). The effect of working memory, navigation tools, 

higher order thinking skills on metal model construction in hypermedia. The 

Journal of Korean Education, 31(3). 25-51  

Cook, M. P. (2006). Visual representations in science education: The influence of 

prior knowledge and cognitive load theory on instructional design principles. 

Science Education, 1-19. 

deSessa, A. A. (1993). Toward an epistemology of physics. Cognition and Instruction, 

10, 105-225. 

Dutke, S., & Rinck, M. (2006). Multimedia learning: working memory and the 

learning of word and picture diagrams. Learning and Instruction, 16, 526-537.  

Frust, A. J., & Hitch, G. J. (2000). Separate roles for executive and phonological 

components of working memory in mental arithmetic. Memory and Cognition, 

28(5), 774-782. 

Jin, H. B., & Oh, S. A. (2003). The effect of integration-facilitative-strategy on 



Sun-A OH, Yeun-Soon KIM, Eun-Kyung JUNG, Hoi-Soo KIM 

 162

cognitive load in multimedia learning environment. Journal of Educational 

Technology, 19(4), 139-160. 

Kim, J. (2002). Study on reliability, validity and practicality of a concept map as an 

assessment tool of biology concepts Unpublished. Chonnam National 

University thesis. 

Kintsch, W. (1986). Learning from text. Cognition and Instruction, 3(2), 87-108. 

Kintsch, W. (1993). Text comprehension, memory, and Learning. American 

Psychologist, 49(4), 294-303. 

Langan-Fox, J., Waycott, J. L., & Albert, K. (2000). Linear and graphic advance 

organizers: properties and processing. International Journal of cognitive ergonomics, 

4(1), 19-34 

Langan-Fox, J., Anglim, J., & Wilson, J. R. (2004). Mental models, team mental 

models and performance: Process, development and future directions. Human 

Factors and Ergonomics in Manufacturing, 14, 1–21.  

Langan-Fox, J., Waycott, J. L., & Albert, K. (2006). Effects of advance organizers, 

mental models and abilities on task and recall performance using a mobile 

phone network. Applied Cognitive Psychology, 20 (9), 1143-1165 

Larkin, J. T., & Simon, H. A. (1987). Why a diagram is (sometimes) worth ten 

thousand words. Cognitive Science, 11, 65-99. 

Liu, X. (2004). Using concept mapping for assessing and promoting relational 

conceptual change. Science Education, 88, 373-396. 

Mason, C. (1992). Concept mapping: A tool to develop reflective science 

instruction. Science Education, 76(1), p. 51-63. 

Mayer, R. E. (1978). Advance organizers that compensate for the organization of 

text. Journal of Educational Psychology, 70, 880-886. 

Mayer, R. E. (1979a). Can advance organizers influence meaningful learning? Review 

of Educational Research, 49, 371-383. 

Mayer, R. E. (1979b). Twenty years of research on advance organizers: Assimilation 

theory is still the best predictor of results. Instructional Science, 8, 133-167. 



Effects of Different Advance Organizers on Mental Model Construction and Cognitive Load Decrease 

 163

Mayer, R. E. (1983). Can you repeat that? Qualitative effects of repetition and 

advance organizers from science prose. Journal of Educational Psychology, 75, 40-

49. 

Mayer, R. E. (1989). Models of understanding. Review of Educational Research, 59, 43-

64.  

Mayer, R. E. (2003). The promise of multimedia learning: Using the same 

instructional design methods across different media. Learning and Instruction, 13, 

125-139. 

Mayer, R. E., & Moreno, R. (1998). A split-attention effect in multimedia learning: 

Evidence for dual processing system in working memory. Journal of Educational 

Psychology, 90(2), 312-320. 

Mayer, R. E., & Moreno, R. (2002). Aids to computer-based multimedia learning. 

Learning and Instruction. 12, 107-119. 

Mayer, R. E., & Moreno, R. (2003). None ways to reduce cognitive load in 

multimedia learning. Educational Psychology. 38, 43-52. 

McNamara, D. S., Kintsch, E., Songer, N. B., & Kintsch, W. (1996). Are good texts 

always better? Interactions of text coherence, background knowledge, and 

levels of understanding in learning from text. Cognition and Instruction, 14(1), 1-

43. 

Merrienboer, J. J. G. & Sweller, J. (2005). Cognitive load theory and complex 

learning: Recent developments and future directions. Educational Psychology 

Review, 17(2), 147-177. 

Merrienboer, J. J. G., Schuurman, J. G., de Croock & Paas, F. G. W. (2002). 

Redirecting learners' attention during training: effects on cognitive load, 

transfer test performance and training efficiency. Learning and Instruction, 12(1), 

11-37. 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & 

Wagner, T. D. (2000). The unity and diversity of executive functions and their 

contributions to complex “Frontal Lobe” tasks: A Latent variable analysis. 



Sun-A OH, Yeun-Soon KIM, Eun-Kyung JUNG, Hoi-Soo KIM 

 164

Cognitive Psychology, 41, 49-100. 

Moreno, R., & Mayer, R. E. (2000). A coherence effect in multimedia learning: The 

case for minimizing irrelevant sounds in the design of multimedia instructional 

messages. Journal of Educational Psychology,92(1), 117-125. 

Morris, N., & Jones, D. M. (1990). Memory updating in working memory: The role 

of the central executive. British Journal of Psychology, 81, 111-121. 

Novak, J. D. (1998). Learning, creating and using knowledge: Concept maps as facilitative tools 

in schools and corporations. Mahwah, NJ: Erlbaum. 

Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. New York: Cambridge 

University Press.  

Oh, S. A., & Jin, H. B. (2004). The effects of learning strategies, metacognition and 

working memory on achievement in the hypertext learning environment. 

Journal of Educational Information Media, 10(1), 35-63. 

Oh, S. A., & Kim, H. S. (2003). Difference in working memory load between split 

and integrated presentations of visual and verbal information in multimedia-

aided-instruction. Journal of Educational Information Media, 9(2), 77-99. 

Oh, S. A., & Kim, Y. S. (2006). The effects of advance organizer on cognitive load 

and learning achievement. Journal of Educational Technology. 22(4). 55-82. 

Rawson, K. A., & Kintsch, W. (2002). How does background information improve 

memory for text content? Memory & Cognition, 30(5), 768-178.  

Robinson, D. H., Katayama, A. D. & Fan, A. C. (1996). Evidence for conjoint 

retention of information encoded from spatial adjunct displays. Contemporary 

Educational Psychology, 21, 221-239. 

Robinson, D. H., & Skinner, C. H. (1996). Why graphic organizers facilitate search 

processes: Fewer words or computationally efficient. Contemporary Educational 

Psychology, 21(2), 166,-180. 

Robinson, D. H., & Kiewra, K. A. (1995). Visual Argument: Graphic organizers are 

superior to outlines in improving learning from text. Journal of Educational 

Psychology, 87(3), 455-467. 



Effects of Different Advance Organizers on Mental Model Construction and Cognitive Load Decrease 

 165

Robinson, D. H., & Molina, E. (2002). The relative involvement of visual and 

auditory working memory when study adjunct displays. Contemporary 

Educational Psychology, 27, 118-131. 

Robinson, D. H., Katayama, A. D., & Fan, Ai-Chun. (1996). Evidence for conjoint 

retention of information encoded from spatial adjunct displays. Contemporary 

Educational Psychology, 21(3), 221-239.  

Robinson, D. H., Robinson, S. L., & Katayama, A. D. (1999). When words are 

represented in memory like pictures: Evidence for spatial encoding of study 

materials. Contemporary Educational Psychology, 24, 38-54. 

Rye, J., & Rubba, P. (2002). Scoring concept maps: An expert map-based scheme 

weighted for relationships. School Science & Mathematics, 102(1), 33-44.  

Schwartz, N. H., Ellsworth, L. S., Graham, L., & Knight, B. (1998). Accessing prior 

knowledge to remember text: A comparison of advance organizers and maps. 

Contemporary Educational Psychology, 23, 65-89.  

Sutherland, R., Pipe, M., Schick, K., Murray, J., & Gobbo, C. (2003). Knowing in 

advance: Knowing in advance: The impact of prior event information on 

memory and event knowledge. Journal of Experimental Child Psychology, 84, 244-

263.   

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. 

Cognitive Science, 12, 257-285. 

Sweller, J. (1994). Cognitive load theory, learning difficulty, and instructional design. 

Learning and Instruction, 4, 295-312. 

Sweller, J., van Merrienboer, J. J. G., &Paas, F. (1998). Cognitive architecture and 

instructional design. Educational Psychology Review, 10, 251-296. 

Whitney, P., Arnett, P. A., Driver, A., & Budd, D. (2001). Measuring central 

executive functioning: What's in a reading span? Brain and Cognition, 45, 1-14. 



Sun-A OH, Yeun-Soon KIM, Eun-Kyung JUNG, Hoi-Soo KIM 

 166

Sun-A OH 
Research professor, The Center for Biomedical Resources, Chonnam 
National University. Interests : Instructional design, Cognitive load, 
Medical education, Problem-based learning 
E-mail: ohsuna@jnu.ac.kr 
 

 
 

Yeun-Soon KIM 
Ph.D. Candidate, Dept. of  Education, Chonnam National University. 
Interests : Instructional design, Cognitive load, Distance learning 
E-mail: yayakim@jnu.ac.kr 
 
 

 
 

Eun-Kyung JUNG 
Assistant Professor, Dept. of  Medical Education, Chonnam National 
University. Interests : Medical education, Problem-based learning, 
Program evaluation 
E-mail: ekcmedu@jnu.ac.kr 
 

 
 

Hoi-Soo KIM 
Professor, Dept. of  Education, Chonnam National University. 
Interests : Multimedia & instructional design, Cognitive load, 
Educational policy 
E-mail: kimh@jnu.ac.kr 

 
 
 
 
 
 
Received: September 30, 2009 / Peer review completed: October 20, 2009 / Accepted: October 22, 2009 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


