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Abstract 

This study explored learners’ utilization of multiple 
representations of information within a hypermedia learning 
environment during self-regulated and externally-regulated 
learning episodes. 135 middle school and high school 
participants were randomly assigned to either a self-regulated 
learning (SRL) condition, in which the learners attempted to 
use a hypermedia environment to learn about the circulatory 
system alone, or an externally-regulated learning (ERL) 
condition, in which learners attempted the same learning task, 
with access to a human tutor who facilitated their learning by 
administering prompts to engage in several adaptive self-
regulated learning processes. Results indicate that learners in 
the ERL condition spent significantly more time constructing 
their own external representations of information (i.e. taking 
notes or drawing), and significantly less time reading text 
only, reading content with text and diagram, and watching the 
animation included in the hypermedia environment. In 
addition, correlations between the learning measures and time 
spent on these different types of representations indicate the 
learners who spent more time constructing external 
representations gained more from pretest to posttest, and 
those who spent more time in the remaining three types of 
representations gained less.  

Keywords: Self-regulated learning, hypermedia, tutoring, 
multiple representations. 

Introduction 
Learning about complex science topics using hypermedia, 
multimedia, or even more traditional learning tools such as 
textbooks often requires coordination of multiple external 
representations (MERs) of information, including 
diagrammatic representations, textual representations, 
formulaic representations, and animations or videos. The 
eventual goal of manipulation of external representations is 
the formation of internal (mental) representations of 
knowledge which can then be used to solve problems, 
reason, understand, and engage with the world in a 
meaningful way. The role which both internal (mental) and 
external representations play in the learning process has 
been theorized and studied by various scientists in past years 
(Ainsworth, 1999; Bodemer & Faust, 2006; Cox, 1999; 
Seufert, 2003; Seufert, et al., 2007).  In addition, models on 
the way in which these MERs are integrated by the learner 
to form internal representations have been developed, 
including Mayer’s (2005) Cognitive Theory of Multimedia 
Learning (CTML) and Schnotz’s (2005) Integrated Model 
of Text and Picture Comprehension (ITPC), which have 
both been informed by Baddeley’s Working Memory (WM) 
theory (1986), Paivio’s Dual Coding theory (1986), and 
Chandler and Sweller’s (1991) Cognitive Load theory.   

Although it has been assumed that MERs of information 
will always provide students with greater opportunity to 
realize their greatest potential for learning outcomes, 
previous research has shown, that, in fact, students do not 
always perform better when using text and diagrams 
(Goldman, 2003; Schnotz & Bannert, 2003; Van Meter, et 
al., 2007). In addition to MERs presented within various 
learning environments, students also usually have the 
opportunity to construct their own external representations 
of textual and pictorial information conveyed within 
learning environments, by drawing or taking notes. The role 
of drawing and note taking within learning episodes extends 
beyond simply offloading information which cannot be 
retained directly. In addition, previous research has shown 
that drawing can be an effective learning strategy for 
integrating textual and/or pictorial information into more 
accurate internal representations of various topics (for 
review, see Van Meter & Garner, 2005). In an attempt to 
explain why certain properties of MERs, and different 
experimental manipulations lead to greater learning 
outcomes, Mayer (2005) and Schnotz (2005) developed the 
two leading models of the way students integrate 
information from  MERs and sensory channels into coherent 
internal representations.   

Theoretical Models of Learning with Hypermedia 
Both Mayer (2005) and Schnotz (2005) developed their 
models with three assumptions.  The first assumption, based 
on Paivio’s (1986) dual coding theory, is that humans have 
visual channels and auditory channels, for processing visual 
and auditory information, respectively.  The next assumption 
is that each channel of information has a limited capacity for 
processing. Finally, both models assume that humans, 
actively attend to important information and organize the 
selected information into internal representations.  In 
addition, Ainsworth (1999) has developed a taxonomy of the 
major roles MERs play in learning. 

Mayer’s (2005) CTML encompasses much more than 
simply the integration of multiple representations; however, we 
will only discuss this aspect of the theory.  In this model, 
incoming information from a multimedia presentation first 
enters sensory memory according to its modality.  For example, 
words can enter sensory memory either through the eyes 
(visual modality) or the ears (auditory modality), depending of 
the presentation mode.  Pictures necessarily enter sensory 
memory through the eyes.  Next, words and images from 
sensory memory that are deemed important are selected to 
move forward to WM.  Working memory operates at two 
distinct levels: 1) raw information entering WM from the 
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senses, and 2) constructed knowledge in WM.  The raw 
information in WM is comprised of 1) words selected from 
auditory sensory memory and outputted as a word sound base 
in verbal WM and 2) images selected from visual sensory 
memory and outputted as a visual image base in visual WM. 
After words and images are attended to and selected for 
entrance into WM, the system organizes the selected words 
into a verbal model and the selected images into a pictorial 
model.  Finally, the verbal and pictorial internal representations 
are integrated with one another and with prior knowledge. 
Schnotz’s (2005) ITPC is similar to Mayer’s CTML. For a full 
discussion of his model, please see (Schnotz, 2005). 

Previous Empirical Research on MERs 
Various studies have examined how MERs (presented and 
constructed) affect learning outcomes using different 
manipulations of text, diagrams, instructions, etc.  Mayer, for 
example, has demonstrated that learners acquire more 
knowledge when learning from both text and diagrams, when 
the two representations are both informationally relevant 
(Mayer, et al., 2001), presented using temporal contiguity and 
spatial contiguity (Mayer & Anderson, 1991; Mayer, et al., 
1995), non-redundant (Mayer, et al., 2001), and presented 
using both auditory and visual modalities (Mayer & Moreno, 
1998). Although Mayer provides much evidence of  these 
multimedia effects, known as the coherence effect, temporal 
and spatial contiguity effect, redundancy effect, and split-
attention effect, respectively, these learning sessions were 
very short (average learning time from above-cited 
experiments was 120 seconds) and process data (e.g., think-
aloud protocols) were not collected during the learning 
sessions to examine what learning processes the students 
engaged in while viewing the presentations.  In addition, 
much of Mayer’s research involves pre-recorded 
presentations which constrains learner navigation.  Other 
researchers have empirically examined what methods can be 
used to facilitate learners’ use of MERs (Kalyuga, et al., 
1991; Huk & Steinke, 2007; Seufert & Brünken, 2006; 
Butcher, 2006; Schnotz & Bannert, 2003; Bodemer & Faust, 
2006). According to Van Meter, et al.’s (2005) review of 
drawing as an effective learning strategy, in order for the 
activity of drawing to provide the greatest support to students 
while learning, the strategy itself should be facilitated in some 
manner.  Due to the previous emphasis on more traditional 
multimedia presentations and textbook-type learning 
materials, as of this writing, the process of integration of 
multiple representations, and the effect of learning strategies 
such as drawing and taking notes on this process, in learning 
with hypermedia still remains unclear.  

Previous Research on Self-Regulated and 
Externally-regulated Learning with Hypermedia 
To more accurately reflect the dynamic and ongoing process 
of how students learn about complex science topics using 
hypermedia environments, Azevedo and colleagues 
(Azevedo, 2005; in press; Azevedo & Cromley, 2004; 
Azevedo, et al., 2004, 2005; Azevedo, et al., 2005; Azevedo 

& Witherspoon, in press) are investigating students’ use of 
self-regulated learning processes during learning sessions, 
by analyzing process data in the form of think-aloud 
protocols.  Our work demonstrates learners acquire deeper 
understanding of material when they engage in active 
learning by setting goals for learning sessions, monitoring 
emerging understanding throughout the learning sessions, 
and enact effective learning strategies, such as coordination 
of informational sources, selection of new informational 
source, summarization, inference generation, hypothesizing, 
and knowledge elaboration (Witherspoon, Azevedo, & 
Baker, 2007; Witherspoon, Azevedo, & D’Mello, 2008; 
Witherspoon, Azevedo, Greene, Moos, & Baker, 2007). 
Also, the research shows that learners who have access to a 
human tutor during learning gain more from pretest to 
posttest (Azevedo, et al., 2007; 2008). The results from the 
previous research on human tutoring conditions (externally-
regulated learning) indicates that those learners who are 
scaffolded by an external agent (i.e. human tutor) not only 
demonstrate greater declarative knowledge learning gains 
and higher mental models at posttest, but also deploy SRL 
processes which have been shown to be associated with 
better learning outcomes in SRL with hypermedia 
(Azevedo, et al., 2007; 2008). 

In regards to the role of multiple representations in self-
regulated learning, one study (Cromley, Azevedo, & Olson, 
2005) showed that students who spent less time on text-only 
learned more from pretest to posttest. Another study 
(Witherspoon, et al., 2007) supported this finding, and 
demonstrated that college students who spent more time 
actively constructing their own external representations (i.e. 
drawings or notes) performed better on posttest measures of 
learning and that learners in an externally-regulated learning 
condition tend to spend more time constructing these 
external representations. This suggests that in order for 
students to gain a deeper understanding of complex science 
topics, they should implement the drawing and note taking 
strategy, actively constructing external representations to 
support the construction of their own internal 
representations. 

Goal of the Current Study 
This paper investigates how access to a human tutor can 
impact how adolescent learners use various 
representations and the amount of time these learners 
spend constructing their own external representations 
during learning about a complex science topic with 
hypermedia.  This investigation is part of a larger 
research project aimed at exploring how access to a 
human tutor can support learners’ use of self-regulated 
learning processes and positively affect learning 
outcomes (Azevedo, et al., 2008). Results from the 
original study indicated that learners in the human 
tutoring condition (Externally-regulated learning; ERL) 
gained significantly more declarative knowledge from 
pretest to posttest, when compared to the self-regulated 
learning condition (SRL), and that a greater percentage of 
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learners in the ERL condition were in higher mental 
model categories at posttest. The research questions for 
the current re-analysis of this data are: 1) How does 
access to a human tutor affect the amount of time 
learners spend in different representations of the 
circulatory system during learning with hypermedia?; 
and 2) Is there a relationship between amount of time in 
different representations and learning outcomes? 

Method 
Participants 
Participants were 135 middle school and high school 
students from two schools in a large mid-Atlantic city’s 
suburb area. These participants received community 
service credits for participating.  The mean age of the 73 
middle school participants was 12 years (46 females) and 
the mean age of the 62 high school participants was 15 
years (35 females). The participants all had little 
knowledge of the circulatory system, as evidenced by 
low mean pretest scores of 40.5%, 4.9%, and 15.5% for 
the multiple choice, labeling of the components of the 
heart, and blood flow tasks, respectively. 

Paper and Pencil Materials 
Paper and pencil materials included an identical 
circulatory system pretest and posttest.  The circulatory 
system pretest and posttest were identical to those used 
by Azevedo and colleagues (2008) and included a 
matching task, a labeling task, and a blood flow diagram 
task.  In the matching task, participants matched 13 
circulatory system components to short definitions of the 
parts.  In the labeling task, participants labeled 14 parts 
of the heart without the use of a word bank.  In the blood 
flow diagram, participants filled in the order of 
components of the circulatory system in blood flow 
(beginning and ending with the superior and inferior vena 
cava), using a word bank. 

Hypermedia Learning Environment (HLE) 
During the learning session, all participants interacted 
with a commercially-based hypermedia learning 
environment to learn about the circulatory system. All 
participants had access to all of the features of the 
environment, including search functions, hyperlinks, 
table of contents, MERs (e.g. pictures, videos) and were 
free to navigate within the environment to any article or 
representation, although the three main relevant articles 
(‘heart’, ‘blood’, and ‘circulatory system’) were indicated 
to the participants during a training phase on the 
environment. These three articles contained, in total, 
16,900 words, 18 sections, 107 hyperlinks, and 35 
illustrations.   

Procedure 
Each participant was tested individually in both 
conditions and participants in the ERL condition were 

tutored by an individual separate from the experimenter.  
Participants were randomly assigned to either the SRL (n 
= 66) or ERL condition (n = 69). Participants were 
allotted 20 minutes to complete all of the circulatory 
system pretest measures and then immediately given the 
learning task by the experimenter.  Participants in both 
the SRL group and the ERL group received the following 
instruction verbally from the experimenter, as well as in 
writing on a sheet of paper that was available throughout 
the learning session: 

Your task is to learn all you can about the circulatory 
system in 40 minutes.  Make sure you learn about the 
different parts and their purpose, how they work both 
individually and together, and how they support the 
human body.  We ask you to ‘think aloud’ continuously 
while you use the hypermedia environment to learn about 
the circulatory system.   

Participants in the ERL condition, in addition to 
receiving this instruction, had access to a human tutor 
who scaffolded students’ self-regulated learning by 
prompting participants to: (1) activate their prior 
knowledge; (2) create plans and goals for their learning 
and to monitor the progress they were making toward the 
goals; and (3) deploy several key self-regulated learning 
strategies, including summarizing, coordination of 
informational sources, hypothesizing, drawing, and using 
mnemonics. 

A tutoring script was used by the human tutor in the 
ERL condition to guide decision making in when prompts 
should be used and what kind of prompts to implement, 
given the current status of the learner.  This script was 
created based on previous literature on human tutoring 
(Chi, 1996; Graesser, et al., 1995) and recent empirical 
findings from studies on SRL and hypermedia (Azevedo, 
et al., 2004, 2005, 2007). For more information about the 
tutoring script, please see (Azevedo, et al., 2008, p. 53). 

Coding and scoring of product and process data 
This section describes the procedures used to score 
participants’ pretests and posttests and code participants’ 
use of multiple representations. 
 
Pretest and Posttest scoring procedure. The matching 
task was scored by giving either a 1 (for a correct match 
between the concept and its definition), or a 0 (for an 
incorrect match between concept and definition) on both 
pretest and posttest (range 0-13).  The labeling task was 
scored by either giving a student a 1 (for a correctly 
labeled component of the heart), or a 0 (for an incorrectly 
labeled component of the heart) on both pretest and 
posttest (range 0-14).  The blood flow diagram was 
scored by giving each student a 1 (for each correctly 
placed term) or a 0 (for each incorrectly placed term) on 
both pretest and posttest (range 0-8).   
 
Use of multiple representations. Students’ use of the 
various types of representations was coded by viewing 
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the videos of the learners’ interactions with the 
hypermedia environment.  A segment of the video was 
coded as ‘text-only’ if the learner was reading text from 
any of the articles in the environment, with any diagrams 
appearing on the page occupying less than ten percent of 
the environment’s real estate.  Any time the student was 
reading text or inspecting a diagram or picture, while 
diagrams or pictures occupied ten percent or more of the 
real estate, was coded as ‘text and diagram’.  Any time 
the student was visiting the blood flow video/animation 
on either the ‘heart’ article or the ‘circulatory system’ 
article was coded as ‘animation’, including times when 
the video was paused or being controlled by the learner.  
Finally, a time segment was coded as ‘externally 
constructed representation’ when the student was taking 
notes or drawing on paper provided by the experimenter. 
All of the time segments for each type of representation 
were summed for each individual participant to obtain a 
total number of seconds spent on each type of 
representation, which was in turn converted to minutes. 

Results and Discussion 
Question 1. How does access to a human tutor 
affect the amount of time learners spend in 
different representations of the circulatory 
system during learning with hypermedia?  
An independent samples t-test verified that neither the 
SRL group (M = 39.98 mins) nor the ERL group (M = 
39.99 mins) spent a significantly longer time within the 
learning environment, t(133) = .007, p =.995. A one-way 
multivariate analysis of variance (MANOVA) was 
conducted to determine how access to a human tutor 
affected the amount of time learners spent in different 
representations of the circulatory system during learning 
with hypermedia.  The condition had a significant effect 
on students’ use of various types of representations, 
Wilks’ Λ = .55, F(4,130) = 27.06, p < .001.  The 
multivariate η2 based on Wilks’ Λ was strong, .45. 

Analyses of variance (ANOVA) on each dependent 
variable were conducted as follow-up tests to the 
MANOVA.  Each of these follow-up tests revealed 
significance for each type of representation. Students in 
the SRL condition spent over twice as much time reading 
text-only (M = 9.58 mins) than students in the ERL 
condition (M = 4.36 mins), F(1,133) = 37.39, p < .001, η2 

= .22. The SRL students also spent more time inspecting 
text and diagrams (M = 20.95 mins) than the students in 
the ERL condition (M = 17.29 mins), F(1,133) = 12.71, p 
< .05, η2 = .09. The ANOVA on animation representation 
was also significant, F(1,133) = 19.70, p < .001, η2 = .13, 
revealing that the students in the SRL condition spent 
significantly more time watching the animation of the 
heart (M = 3.26 mins) than those in the ERL condition (M 
= 1.79 mins). Finally, the students in the ERL condition 
spent significantly more time constructing their own 

external representations (M = 16.23 mins) than the 
students in the SRL condition (M = 6.04 mins), F(1,133) 
= 70.04, p < .001, η2 = .35. See Table 1 for estimated 
marginal means and standard errors for each type of 
representation by learning condition.  As stated earlier, 
previous explorations of learners’ self-regulated learning 
behavior have evidenced that learners who spend more 
time constructing their own external representations, and 
less time simply reading content, learn more from pretest 
to posttest (Cromley, et al., 2005; Witherspoon, et al., 
2007). This active construction of one’s own external 
representation appears to facilitate the construction of 
internal representations (cf. Van Meter, et al., 2005). 

Table 1. Estimated Marginal Means for time spent with 
each type of representation, by condition (in minutes). 

Question 2. Is there a relationship between 
amount of time in different representations and 
learning outcomes?  
Pearson correlation coefficients were conducted to 
determine if there was a relationship between the amount 
of time spent in different representations and learning 
gains on the three learning measures administered.  These 
analyses revealed negative correlations between time 
spent on each of the three types of presented external 
representations and learning gains. In order to correct for 
possible Type 1 errors, Bonferroni correction was used, 
resulting in a p-value threshold of .004 (.05/12). Time 
spent on text-only was significantly negatively correlated 
with gains on the matching task, r = -.25, p < .004, and 
on the labeling task, r = -.20, p < .004. In addition, time 
spent creating externally constructed representations was 
significantly positively correlated with both gains on the 
matching task, r = .31, p < .001, and the blood flow 
diagram, r = .28, p < .004. There were no other 
significant correlations as a result of these analyses. See 
Table 2 for Pearson correlations between time spent on 
each type of representation and each learning gain 
measure. Again, this is further evidence of the benefit of 
learners’ active construction of their own external 
representations during self-regulated and externally-
regulated learning episodes. 

 Learning condition 

Type of 
representation 

Self-regulated 
learning (SRL) 

M (SE) 

Externally-
regulated learning 

M (SE) 
Text only 9.58 (.61) 4.36 (.60)
Text + diagrams 20.95 (.73) 17.29 (.72)
Animation 3.26 (.24) 1.79 (.23)
Externally- 
constructed 
representation 

6.04 (.87) 16.23 (.85) 

2362



Table 2. Correlations between types of representations and 
learning gains on three measures. 

 Learning measure 
Type of 

representation 
Matching 

Pearson’s r 
(sig.) 

Labeling 
Pearson’s r 

(sig.) 

Blood flow 
Pearson’s r 

(sig.) 
Text-only -.25 (.004) -.20 (.001) -.15 (.08)
Text+diagram -.18 (.04) .05 (.56) -.18 (.03)
Animation -.16 (.06) -.15 (.08) -.23 (.008)
Externally-
constructed 
representation 

.31 (.000) .11 (.19) .28 (.001) 

Bold typeface indicates correlations which are significant at 
the .004 level. 

Conclusions 
This paper provides additional evidence that human 
tutors (as externally-regulating agents) influence 
students’ use of multiple representations during learning 
about complex science topics with hypermedia 
environments. Adolescent learners who have access to a 
human tutor tend to spend less time passively reading 
text and inspecting diagrams and animations from the 
learning environment, and more time actively 
constructing their own external representations of the 
textual and pictorial information. In addition, these 
results mirror previous findings (Witherspoon, et al., 
2007) that learners who spend more time constructing 
these external representations perform better on posttests 
tapping both declarative and conceptual knowledge of the 
complex science topic. These findings indicate that an 
externally-regulating agent (i.e., a human tutor or 
adaptive hypermedia system) should not only prompt the 
construction of learners’ own external representations, 
but also facilitate this process during learning. An 
adaptive hypermedia system could incorporate such a 
facility in the interface, within which a learner could 
construct his or her own external representations of the 
content, under the guidance of an externally-regulating 
agent (e.g. animated pedagogical agent). Future research 
should investigate the applicability of these findings to 
learning environments involving animated pedagogical 
agents as external-regulators of SRL behavior. 

Acknowledgments 
The authors would like to thank several current and past 
members of the Cognition and Technology Lab at the 
University of Maryland and University of Memphis, 
including Jennifer Cromley, Jeffrey Greene, Daniel 
Moos, Emily Siler, and Shanna Smith. This research 
was supported by funding from the National Science 
Foundation (REC#0133346 and REC#0633918) 
awarded to the second author.  

References 
Ainsworth, S. (1999). The functions of multiple 

representations. Computers & Education, 33, 131-152. 
Azevedo, R. (2005). Using hypermedia as a metacognitive 

tool for enhancing student learning? The role of self-
regulated learning. Educational Psychologist, 40(4), 199-
209. 

Azevedo, R., & Cromley, J. G. (2004). Does training on 
self-regulated learning facilitate students’ learning with 
hypermedia? Journal of Educational Psychology, 96(3), 
523-535. 

Azevedo, R., Cromley, J. G., & Seibert, D. (2004). Does 
adaptive scaffolding facilitate students’ ability to regulate 
their learning with hypermedia? Contemporary 
Educational Psychology, 29, 344-370. 

Azevedo, R., Cromley, J. G., Winters, F. I., Moos, D. C., & 
Greene, J. A. (2005). Adaptive human tutoring facilitates 
adolescents’ self-regulated learning with hypermedia. 
Instructional Science, 33, 381-412. 

Azevedo, R., Greene, J. A., & Moos, D. C. (2007). The 
effect of a human agent’s external regulation upon college 
students’ hypermedia learning. Metacognition and 
learning, 2(2-3), 67-87. 

Azevedo, R., Guthrie, J.T., & Seibert, D. (2004). The role of 
self-regulated learning in fostering students' conceptual 
understanding of complex systems with hypermedia. 
Journal of Educational Computing Research, 30, 87-111. 

Azevedo, R., Moos, D.C., Greene, J.A., Winters, F.I., & 
Cromley, J.C. (2008). Why is externally-regulated 
learning more effective than self -regulated learning with 
hypermedia? Educational Technology Research and 
Development, 56(1), 45-72. 

Azevedo, R., & Witherspoon, A.M. (in press). Self-
regulated learning with hypermedia. In A. Graesser, J. 
Dunlosky, D. Hacker (Eds.), Handbook of metacognition 
in education. Mahwah, NJ: Erlbaum. 

Baddeley, A. D. (1986). Working memory. Oxford, 
England: Clarendon Press. 

Bodemer, D., & Faust, U. (2006). External and mental 
referencing of multiple representations. Computers in 
Human Behavior, 22, 27-42. 

Butcher, K. (2006). Learning from text with diagrams: 
Promoting mental model development and inference 
generation. Journal of Educational Psychology, 98(1), 
182-197. 

Chandler, P., & Sweller, J. (1991). Cognitive load theory 
and the format of instruction. Cognition and Instruction, 
8, 293-332. 

Chi, M. T. H. (1996). Constructing self-explanations and 
scaffolded explanations in tutoring. Applied Cognitive 
Psychology, 10, S33-S49. 

Cox, R. (1999). Representation construction, externalized 
cognition and individual differences. Learning and 
Instruction, 9, 343-363. 

Cromley, J. G., Azevedo, R., & Olson, E. D. (2005). Self-
regulation of learning with multiple representations in 
hypermedia. In C-K. Looi, G. McCalla, B. Bredeweg, & 

2363



J. Breuker (Eds.), Artificial intelligence in education: 
Supporting learning through intelligent and socially 
informed technology (pp. 184-191). Amsterdam, The 
Netherlands: IOS Press. 

Goldman, S. (2003). Learning in complex domains: When 
and why do multiple representations help? Learning and 
Instruction, 13, 239-244. 

Graesser, A. C., Person, N. K., & Magliano, J. P. (1995). 
Collaborative dialogue patterns in naturalistic one-to-one 
tutoring. Applied Cognitive Psychology, 9, 495-522. 

Huk, T., & Steinke, M. (2007). Learning cell biology with 
close-up views or connecting lines: Evidence for the 
structure mapping effect. Computers in Human Behavior, 
23, 1089-1104. 

Kalyuga, S., Chandler, P., & Sweller, J. (1991). Managing 
split-attention and redundancy in multimedia instruction. 
Applied Cognitive Psychology, 13, 351-371. 

Mayer, R. E. (2005). Cognitive theory of multimedia 
learning. In R. E. Mayer (ed.), The Cambridge Handbook 
of Multimedia Learning (pp. 31-48). New York: 
Cambridge University Press. 

Mayer, R. E., & Anderson, R. B. (1991). Animations need 
narrations: An experimental test of a dual-coding 
hypothesis. Journal of Educational Psychology, 83, 484-
490. 

Mayer, R. E., Heiser, J., & Lonn, S. (2001). Cognitive 
constraints on multimedia learning: When presenting 
more material results in less understanding. Journal of 
Educational Psychology, 93(1), 187-198. 

Mayer, R. E., & Moreno, R. (1998). A split-attention effect 
in multimedia learning: Evidence for dual processing 
systems in working memory. Journal of Educational 
Psychology, 90(2), 312-320. 

Mayer, R. E., Steinhoff, K., Bower, G., & Mars, R. (1995). 
A generative theory of textbook design: Using annotated 
illustrations to foster meaningful learning of science text. 
Educational Technology Research and Development, 
43(1), 31-44. 

Paivio, A. (1986). Mental representations: A dual coding 
approach. New York: Oxford University Press. 

Pintrich, P. R. (2000). The role of goal orientation in self-
regulated learning. In M. Boekarts, P. Pintrich, & M. 
Zeidner (Eds.), Handbook of self-regulation (pp. 451-
502). San Diego, CA: Academic Press. 

Schnotz, W. (2005). An integrated model of text and picture 
comprehension. In R. E. Mayer (ed.), The Cambridge 
Handbook of Multimedia Learning (pp. 49-69). New 
York: Cambridge University Press. 

Schnotz, W., & Bannert, M. (2003). Construction and 
interference in learning from multiple representation. 
Learning and Instruction, 13, 141-156. 

Seufert, T. (2003). Supporting coherence formation in 
learning from multiple representations. Learning and 
Instruction, 13, 227-237. 

Seufert, T., & Brünken, R. (2006). Cognitive load and the 
format of instructional aids for coherence formation. 
Applied Cognitive Psychology, 20, 321-331. 

Seufert, T., Janen, I., & Brunken, R. (2007). The impact of 
intrinsic cognitive load on the effectiveness of graphical 
help for coherence formation. Computers in Human 
Behavior, 23, 1055-1071. 

Van Meter, P., Firetto, C., & Higley, K. (2007). The 
integration of representations: A program of research for 
academic development. Paper presented at the annual 
meeting of the American Educational Research 
Association, Chicago, IL. 

Van Meter, P., Garner, J. (2005). The promise and practice 
of learner-generated drawing: Literature review and 
synthesis. Educational Psychology Review, 17(4), 285-
325. 

Winne, P. H. (2001). Self-regulated learning viewed from 
models of information processing. In B. Zimmerman & 
D. Schunk (Eds.), Self-regulated learning and academic 
achievement: Theoretical perspectives (pp. 153-189). 
Mahwah, NJ: Erlbaum. 

Witherspoon, A., Azevedo, R., & Baker, S. (July, 2007). 
Learners’ use of various types of representations during 
self-regulated learning and externally-regulated learning 
episodes.  Paper presented at a workshop on 
Metacognition and Self-Regulated Learning at the 13th 
International Conference on Artificial Intelligence in 
Education, Los Angeles, CA. 

Witherspoon, A., Azevedo, R., & D’Mello, S. D. (June, 
2008). The dynamics of self-regulatory processes within 
self- and externally-regulated  learning episodes during 
complex science learning with hypermedia. Paper to be 
presented at the 9th International Conference on Intelligent 
Tutoring Systems, Montreal, CA. 

Witherspoon, A., Azevedo, R., Greene, J.A., Moos, D.C., & 
Baker, S. (2007). The dynamic nature of self-regulatory 
behavior in self-regulated learning and externally-
regulated learning episodes. In R. Luckin, K. Koedinger, 
& J. Greer (Eds.), Artificial intelligence in education: 
Building technology rich learning contexts that work (pp. 
179-186). Amsterdam, The Netherlands, IOS Press.  

Zimmerman, B. (2000). Attaining self-regulation: A social 
cognitive perspective. In M. Boekaerts, P. Pintrich, & M. 
Zeidner (Eds.), Handbook of self-regulation (pp. 13-39). 
San Diego, CA: Academic Press. 

2364



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 (None)
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


