
The Effects of Fact Location and Feature 

Imageability on Learning from a Computerized Geographic Map 

 

 

by 
 

Daphne L. Lewis, M.Ed. 

 

A DISSERTATION IN  

 

EDUCATIONAL INSTRUCTIONAL TECHNOLOGY 

 

Submitted to the Graduate Faculty of 

Texas Tech University in 

Partial Fulfillment 

for the Requirements for 

the Degree of 

 

DOCTOR OF EDUCATION 

 

 

Approved 

 

Dr. Steven Crooks  

Chairperson of the Committee 

 

Dr. Tara Stevens 

 

Dr. Julie Thomas 

 

Dr. David White 

 

Dr. Nancy Maushak 

 

 

 

Dr. John Borrelli 

Dean of the Graduate School 

 

 

August, 2007 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          © Copyright 2007, Daphne L .Lewis  



Texas Tech University, Daphne L. Lewis, August 2007 

 

  iii 

ABSTRACT 

 

 

Our world, as we know it, has experienced radical change as a result of a 

revolution.  Not a political revolution, but a revolution the likes of which this world has 

not seen since the Industrial Revolution.  The revolution is that of technology.  

This educational research study focused on learning comprehension of 

undergraduate collegiate students in a multimedia environment. Participants studied a 

geographic reference map about the island of Malta.   

 The theoretical focus of this research was centered on the Temporal Contiguity 

Principle. The research results reflect the research findings of Mayer’s (1984). Mayer’s 

Temporal Contiguity Principle addresses meaningful learning with multimedia: “Students 

learn better when corresponding words and pictures are presented simultaneously rather 

than successively” (p.96). This proximity between words and pictures facilitates recall 

and transfer of performance for the learner.  This principle is based upon Paivio’s (1991) 

Dual Coding Theory, which explains that the human memory system consists of two 

separate cache system: a verbal cache and a non-verbal cache. When both caches are 

activated together, referential connections are made between the two storage areas. These 

referential connections are used during recall and transfer performance to improve 

meaningful learning. 

 The two independent variables of the study were contiguity and imageability.  

The criterion measures were three post-tests concentrating on recall, map reconstruction 

and inferential knowledge.  A 3 (imageability) X 2 (contiguity) factorial research design 

was employed to address the research hypothesis. 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  iv 

 The research hypothesized that high temporal contiguity and feature imageability 

would promote higher scores on recall, reconstruction, and inference post-tests. The 

findings concluded that temporal contiguity does have a significant effect on participants’ 

recall and reconstruction on post-test achievement scores. There was no interaction 

between temporal contiguity and imageability.     

 The findings relate to practice by showing that students will make more 

referential connections when map facts are placed contiguous to map features, rather than 

when map facts are separated from map features. Promoting meaningful learning from a 

computerized map can facilitate comprehension for geography students who are 

frustrated by their experiences with social studies.  
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CHAPTER I 

 

   INTRODUCTION 

 

           The phrase “shrinking world” has been with us since the 1960’s and can be no 

more applicable than in the last 15 years. Our world as we know it has experienced radical 

change that comes about as a result of a revolution. Not a political revolution, but a 

revolution the likes of which this world has not seen since the Industrial Revolution: the 

technology revolution. While changes promoted as a result of the Industrial Revolution 

were spread over a three-hundred-year period, from the introduction of Thomas Savery’s 

steam-driven pump to 1913 when Henry Ford rolled the first car off the moving assembly 

plant line in Michigan, the new global technology revolution is a bit more expeditious. 

The new revolution is the result of rapidly advancing technology and the world’s demand 

to have that technology bridge all gaps for access. Everything from correspondence, to 

travel, to data transmission, to video links to instant, world-wide, simultaneous 

information sharing is in demand.  It could be for self, for career, or for advancement 

through education. Technology already bridges the access to information in our global 

society, but it is also revolutionizing the process of education on a worldwide scale. 

 The technology revolution has had a profound effect on higher education in a 

global sense.  This type of education is not just “occurring,” it is a changing and an 

evolving entity. Education is reshaping itself to provide a reliable education at a distance 
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for an ever-increasing and ever-diversifying universal learner. Drucker (1992) stated the 

following, “It is a safe prediction that in the next fifty years schools and universities will 

change more drastically than since they assumed their present form 300 years ago.”  

 

 Drucker’s statement led Cummings (2001) to predict a paradigm shift.  

Online learning is one such significant change. In the online-learning 

environment, faculty/student relationships are built on trust, respect and 

confidence. Corporate e-learning is also growing in popularity since it allows for 

training of employees in world wide locations. The main difference between 

online and on-ground classrooms involves a paradigm shift in thinking as well as 

learning. Online learning eliminates barriers to location and time and personalizes 

the learner’s experiences. (p.1) 

   

    As we, the technology educators of today and the future, facilitate learning 

environments for the global culture, we need to provide quality multimedia environments 

that are both educationally enriching and promoters of life-long learning skills. Appealing 

to a mélange of learning styles is one way to enrich a multimedia educational learning 

experience. Research has predicted that online higher educational degree offerings will 

increase annually by forty percent (Gallagher and Newman, 2002). With the expected 

growth increase in distance education, resulting in increasing student populations and the 

demand for anytime-anywhere technology-supported education, our society will need to 

increase the offerings for online higher education degrees. Appealing to a body this large 
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and this diverse will be a huge challenge. Maintaining the quality of educational standards 

with this great an increase in the quantity of students may be a larger challenge still. We 

technology educators have our work cut out for us! 

          Distance education today and in the future will not be limited to the ivy-covered 

walls and buildings of the traditional campus setting. Even now, community colleges, high 

school campuses, and traditional colleges are becoming more involved in education at a 

distance.  Advertisements may be seen daily for on-line credits and even universities that 

are based entirely on-line. According to the Sloan Consortium, in 2004 approximately 2.3 

million students were taking classes in an online setting; however this distance education 

population dramatically increased in 2005 to about 3.2 million students (McIntyre, 2007). 

Distance education is growing and will continue to be offered through a collection of 

public and private schools, colleges, universities, military branches, corporations, 

businesses, and much more.   

  Multimedia education is an integral part of the worldwide technology revolution. 

To keep abreast of the educational growth of technology, instructional educational 

multimedia developers will have to provide a path of online distance education that will 

make it possible for learners to work smoothly with a variety of technology tools, 

collaborate with a global workforce, and integrate in a wireless on-demand technology 

planet. To provide this educational revolution, educational multimedia creators and 

researchers will continually need to probe for more effective educational tools, learning 

packets, and multimedia environments, which not only promote knowledge, but provide 
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the skills necessary to keep pace with global shifts and trends.  This can only be 

accomplished through purposeful research and development.   

  This study focused on a computer-based geographical map which was directed at 

effecting student’s learning. This line of study will provide a better understanding of how 

online geographic reference map learning promotes comprehension and understanding for 

college students. Kulhavy and his colleagues (1985) contended that when created with a 

purpose, graphics such as maps can support learning and enable learners to acquire 

meaningful and important information. In doing so, maps can and do serve an important 

instructional function in the classroom (Kulhavy, Lee, & Caterino, 1985). 

  This geographic research focused on student’s recall of map features, which were 

presented on a geographic map with and without icons symbolizing those map features. In 

other words the research questioned, does a student’s recall of map features from a 

computer-based map promote retention and transfer of the map’s information more 

effectively with icons symbolizing map features, than without? For example, if a city’s 

name on the multimedia map is Tower, the multimedia map research has the name Tower 

next to an image depicting a tower adjoined to the city’s name-location on the map. Does 

the word Tower assist the student’s recall of a specific map feature, name-location, feature 

fact, and specific geographical location of the name-location on the map? Or does the 

student’s performance with respect to recall and inference improve with an icon image 

symbolizing the location name Tower? 
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Background of the Study 

           In social studies courses from preschool through higher education, traditional 

textbooks assist in geographical comprehension by providing location maps based on the 

content of the chapter or lesson. Maps are usually found within the chapters of social 

studies textbooks to illustrate or expand the chapter’s content. (Kulhavy, Stock, Verdi, 

Rittschof, & Savenye, 1993) documented that fewer than fifty studies have supported the 

idea that students learn with geographical reference maps, using the map to assist in their 

textual comprehension. However computerized geographic maps can present the 

information in a unique and contiguous fashion which textbooks cannot. Multimedia maps 

can present a place, feature locations, and feature images supporting the feature locations 

and additional information contiguously.  Computerized contiguity in a geographic 

reference map does affect student’s recall and transfer of information in a way not 

possible in a traditional hardback textbook. 

Theoretical Framework 

  Traditional theories of memory recall and learning can be combined to create a 

predictable understanding of how the students process the multimedia geographic map 

environment. For the purpose of this research, the cognition theories of student memory 

are supported through Paivio’s Dual Coding Theory, Mayer’s Model of Meaningful 

Learning and Crooks’ expansion of Mayer’s Contiguity Principle (Paivio, 1986; Mayer, 

1996; Crooks, 2006).  
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Paivio’s Dual Coding Theory 

  Paivio’s Dual Coding Theory, states that the brain has two caches of memory sets 

for storage. One cache is for verbal or textual information and the other cache is for non-

verbal, information (e.g., visual, graphic) (Paivio, 1986). This Dual Coding Theory 

suggests that there are dual, or two, forms of comprehension in which brain memory 

functions.  First, comprehension of text takes place in the verbal learning component, 

where the student achieves comprehension and recall of the text information, and forms 

into a code for the brain to comprehend for recall. Second, comprehension takes place in 

the visual code, in which a student achieves learning of images such as icon feature 

images on a geographical reference map in a separate cached memory storage place. 

Together, a dual coding produces collaboration of learning with referential connections 

between the text and the image (Paivio, 1986). 

             According to Paivio’s Dual Coding Theory, a learner of a geographic reference 

map will recall and transfer more information from the map when it has both verbal and 

visual information presented (Paivio, 1986). For example, on the current map there is a 

map feature named Tower. The student reads a written feature location named Tower. 

This concrete term Tower also has the student making memory connections to a view of a 

Tower.  The image of a Tower has the student viewer visualizing the Tower and 

connecting this view to the text Tower. This research shows that when the text Tower and 

the graphic Tower are presented in highly temporal contiguous-to-feature facts 

environment, the visual and verbal connection stimulates an increase in participants’ 
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transfer and recall.  This interconnectivity does enhance the student’s ability to retain the 

geographic map’s feature knowledge. According to Bertin (1983), it is the feature 

information found on maps that helps students activate their prior knowledge, which in 

turn activates the necessary schema to learn the map’s materials. Paivio’s Dual Coding 

Theory merges the visual icon feature information from the map with the associated 

textual information. Building from Paivio’s Dual Coding Theory for students learning 

from a text environment and combining this theory with Mayer’s Model of Meaningful 

Learning in a multimedia environment sets the stage for the theoretical backbone for this 

research study (Paivio, 1986; Mayer, 1996). 

Mayer’s Model of Meaningful Learning 

 Mayer presents a moderate, individual constructivism approach to text design for 

learners engaged in a non-manipulative, non-discovery constructivist-learning 

environment. He advocates the SOI model for designing text-based instruction to enable 

the learner to construct his or her own meaningful learning outcomes. The SOI model is 

for the design of instructional messages (Mayer, 1996).  

 According to Mayer, students, in order to, promote recall and transfer, should be 

able to select meaningful and relevant information, organize information in a pattern that 

has meaning to the learner, and interweave this relevant and organized information into 

previously known information for a renewed and expanded knowledge base. When 

learning is meaningful and integrated as Mayer has suggested, coupled with Paivio’s 

Theory of Dual Coding, it could expand and create more valuable connections. These 
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connections will stimulate and strengthen students’ cognitive abilities to retain and 

transfer knowledge from the geographic computer-based map (Paivio, 1986; Mayer, 

1996). 

          When learning a multimedia map, students will recall the features and feature facts 

more exactly if they are connected spatially (close in proximity) and temporally (close in 

time) on the computer screen (Moreno & Mayer, 2003). The multimedia map’s entire 

image of borders, physical features, and locations creates a cue for students to 

comprehend the map as knowledge. This image of the map with its associated facts, 

borders, and locations is a cued connector of information that is then recalled as it assists 

the student’s memory for retaining the map’s textual as well as visual information. 

Therefore map images are more exactly encoded in to working memory when map 

features and map structures are used to create an integrated image of the map’s spatial 

display (Crooks, White, White, Hammontree, Lewis, 2003).   

   This collaboration of Paivio’s Dual Coding Theory and Mayer’s Model of 

Meaningful Learning supports  that learners retrieve and produce textual content and 

visual images with better performance than with visual images alone or textual 

information alone. Therefore multimedia maps have been purported to promote 

meaningful learning when provided in conjunction with factual information (Paivio, 1986; 

Mayer, 1996).   

 In contributing to geographical reference map recall, past research on map 

learning has required participants to study a reference map and a corresponding narrative 

located on a separate page. Physically separating the map and the text information is in 
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most cases the only practical way to present geographical instruction in the textbook 

format. However, through hyperlink or rollover effects, computer technology affords the 

ability to directly link feature-related facts to their associated map features within the 

map’s image.  In this way, feature-related facts are directly linked at the features they 

represent on a map rather than arranged on a separate sheet or page or screen in a 

narrative format (Crooks, 2006).  

 This leads us to the multimedia educational learning environment where 

geographical multimedia reference maps can be an enhanced learning tool by supporting 

learning with a strong theoretical base of Paivio’s Dual Coding Theory and Mayer’s 

Model of Meaningful Learning (Paivio, 1986; Mayer, 1996). In the multimedia education 

medium of the Internet, reference maps can achieve dual coding and meaningful learning 

in an innovative way as compared to their textbook counter parts. In the multimedia 

environment, a hyperlink from a map feature linked to feature facts can create a 

synchronous learning domain. This hypertext link can create an instantaneous view of 

factual information not possible with most textbooks. Using the image of the map and the 

exact, proportional, spatial location of the city’s name, with a click of the mouse the 

learner can instantly view the map feature’s additional facts. This multimedia technique 

provides a seamless learning map field with features and facts in the same space and 

time.  Here, with a multimedia map, the designer can create a dual coded learning 

atmosphere that promotes learning with visual and textual information through temporal 

contiguity. When we as instructional technology educators can create multimedia-

learning components that are visual images and textual facts and temporally contiguous, 
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then we have created a vibrant learning medium.  By having the learner click a hyperlink 

embedded in the location’s name to a textual fact presentation, which instantly displays 

feature information, the designer educator has created an image that can stimulate the 

learner both visually and verbally.  

   Mayer supports that spatial contiguity is a computerized event when a user has 

any instructional multimedia element such as text, map, picture or audio (Mayer, 2001).  

When the user’s mouse rolls over the multimedia element, it then instantly in time and 

space produces a textual cue or related fact. Mayer in 2002 and Crooks in 2006 supported 

that this multimedia element with an instant text or a visual fact presentation would 

promote meaningful learning (Mayer, 2002; Crooks, 2006). In this study, the researcher 

looked at the elemental effects of a geographic reference map with hypertext links in 

which the users could select a link to a factual information page and then could select to 

return to the geographical multimedia map element.  Therefore this study focused on the 

question, how does imageability of map features effect meaningful learning for recall, 

reconstruction and inference performance on a computer-based geographic reference 

map? 

 The Contiguity Principle 

 

            The Contiguity Principle combines Paivio’s Dual Coding Theory of verbal and 

visual cognitive and makes connections with Mayer’s assertions of more effective 

multimedia instruction (Paivio, 1986; Mayer, 1996). According to Mayer, multimedia 
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instruction achieves higher student retention and recall when graphics and text are located 

close together when presented for instruction. This strategy of presenting textual 

information alongside graphic instruction has not been historically practical in hardbound 

textbook form.  With the technology capabilities of hyperlinks and rollovers, maps can 

present textual and graphical information in the same time and space. Therefore the 

Temporal Contiguity Principle for geographic multimedia maps is the instructional 

designer’s abilities to place the map with hyperlinks instantly connected to factual 

information supporting that specific location on the map (Mayer, 1996). Crooks and his 

colleagues interpreted Mayer’s Temporal Contiguity Principle of multimedia learning as a 

rational for locating feature information close to map locations in geography instruction 

(Crooks et al., 2004). 

Contiguity itself can be subdivided into three divisions of connectedness. The three 

contiguities are temporal contiguity, spatial contiguity and spatiotemporal contiguity.  

Temporal contiguity would be providing the map graphic and text in the same virtual time 

period.  Temporal contiguity can be accomplished by linking information in text with 

graphic information and elements through a multimedia hyperlink (Crooks et al., 2004). 

Spatial contiguity implies that the visual and verbal information are shown on the 

computer screen in the same physical space. Research has shown when experiments are 

designed with spatial contiguity, participants have been show to have superior scores on 

retention and transfer tests over those participants who viewed the research design with 

text and graphics not located contiguously (Crooks, et al., 2004). This spatiotemporal 

contiguity multimedia condition occurs when displaying the map graphic with the textual 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  12 

information along side the graphic in the same time as well as in the same space. Finally, 

when using a rollover effect in multimedia Crooks and his colleagues found that spatial 

contiguity had no effect, spatiotemporal contiguity decreased performance and temporal 

contiguity increased recall performance (Crooks, Verdi, & White, 2004). The current 

research study implemented temporal contiguity in a low and a high condition for research 

of participant performance. 

Statement of the Problem 

          This study examined online multimedia geographic reference maps with imageable 

features mimicking map features. It was this study’s intention to discover if feature 

images mimicking the map’s feature-locations in a highly temporal contiguous 

environment enhanced student’s comprehension and recall of the geographic maps’ 

features and facts. 

Significance of the Study 

 

  Any time we, as educational multimedia designers, researchers and instructors can 

place a finger on how the learner comprehends and retrieves educational content we have 

an additional tool to promote learning within the new, innovative, technological 

revolution.  The study proposed that learners comprehending a multimedia geographical 

reference map with information such as locations, features and facts; that the learners 

would perform better on assessment measures when the feature locations are reinforced 

with symbolic icons and contiguously linked to feature facts. 
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  Knowledge of how students retain and recall geographic map information can 

have cross curriculum implications for further research in a technology enhanced 

education throughout the grade levels.  If a student can better comprehend a map, its scale 

proportion, features supported with icons contiguously linked to content; then online 

social studies distance education course instruction could benefit.  In science, maps of 

human or animal anatomy created by multimedia designers could enhance the contextual 

cues by hyperlinking cues about the anatomy’s composition to the anatomy’s specific 

pieces.  In English literature, a photo of Julius Caesar, with Brutus and the conspirators 

stabbing Caesar could link to facts regarding Shakespeare’s political statements or 

historical perspective at the time. Multi-curriculum connections can be implied through 

multimedia learning research and it is the hope of the researcher that positive educational 

implications for multimedia geographic map learning activities can be attributed from this 

study. 

Purpose of the Study 

 

            The purpose of this current research study examined three dimensions. First to 

discover if undergraduate students at a southwestern university better recalled map 

features and map facts when the map’s feature locations were mimicked by icons. Second 

was to examine if contiguity assisted in enhancing meaningful learning from a computer-

based map.  Third, the current research looked to determine if the data analysis would 

show an interaction between temporal contiguity and feature imageability. 
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Research Questions 

 

 

1) How does map feature and fact temporal contiguity effect the 

recall, reconstruction and inference performance of college students 

studying a computer-based geographic reference map? 

2) How does imageability of map features effect the recall, 

reconstruction and inference performance of college students studying a 

computer-based geographic reference map? 

3) How does imageability interact with contiguity to effect the recall, 

reconstruction and inference performance of college students studying a 

computer-based geographic reference map? 

                                            

      Hypotheses 

1.        Map features connected with high temporal contiguity to map facts 

will increase participant recall, reconstruction, and inference assessment 

scores in relationship to geographic computer-based maps. 

2.        High feature imageability will promote higher scores on participant 

recall, reconstruction and inference assessment scores in relationship to 

geographic computer-based maps. 
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3.        There will be an interaction between temporal contiguity and 

feature imageability for participant recall, reconstruction and inference 

assessment scores in relationship to geographic computer-based maps. 

Limitations and Scope 

 

  This study was conducted with participants who were enrolled in the 

“Introduction to Computers and Technology” course at Texas Tech University, in 

Lubbock, Texas. Results of this study could have practical implications for influencing the 

design of geographical computer-based map instruction in higher education environments. 

This research filled a hole in the theoretical design of Sweller and Chandler’s Cognitive 

Load Theory (1994).  By providing confirmation that high levels of temporal contiguity 

do contribute to meaningful learning even when the content instruction is of low intrinsic 

value.  Although the current research pontificates significant results with high temporal 

contiguity contributing to increased participant’s recall, the research still had limitations. 

  The computer-based reference map supported sixteen features, which additional 

feature items and additional feature facts should be researched. Secondly, further studies 

are needed to create implications for other educational settings. The results from this study 

cannot be referred to another population, such as K-12 students and their online learning 

of geographical maps.  However, this study can instigate the idea of repeating the research 

methods and measures in a K-12 environment for further understanding of the learning 

benefits of temporal contiguity and feature imageability in relation to student’s 
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meaningful learning. The third limitation of this study is computer-based map which 

focused on learning of geographic names, features and facts and therefore cannot be 

inferred to provide cognitive benefits for other curriculum areas.  However, successful 

recall and transfer at this research level can have implications for the promotion of 

multimedia research and further study in varied curriculum areas. Finally, the 

technological advances which have occurred in online map systems, as well as global 

positioning systems should be researched in conjunction with temporal contiguity and 

feature imageability for implications into enhancing meaningful learning. 
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Definition of Terms 

 

• Dual Coding Theory – the process by which the learner can recall information in 

two caches.  First, in a verbal form where textual information is retrieved through written 

information.  Second, in a non-verbal form where an image, picture or graphic is 

remembered as a whole item.  Then the possibility of interlacing both the verbal and non-

verbal information can promote referential connections (Paivio, 1986). 

• Contiguity – “the state of bordering or bringing to contact with something else or 

the sequential occurrence or proximity of stimuli and a response, causing their association 

in the mind” as defined by The Oxford English Dictionary. (p.371)  

• Feature Imageability – a symbol of a map feature, which mimics a concrete 

feature name by its portrayal of the feature. According to The Oxford Dictionary of 

Current English the word feature is defined as “distinctive or characteristic part of a 

thing.” (p.316), this definition of an image was defined by Oxford as a “representation of 

an object.” (p.438) 

• Geographical Computer-Based Reference Map – online static image of an island 

with 16 feature locations and associated feature facts. 

• High Temporal Contiguity – A hypertext condition in which each map feature is 

linked instantly to that map feature’s facts. When corresponding words and pictures are 

presented simultaneously rather than successively they are said to be temporally 
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contiguous (Mayer, 2006). When verbal and visual materials are placed in temporally 

synchronized form rather than separated in time (Crooks, 2006).  

 

• Icon – a graphic image of a map feature which mimics a concrete feature-location.  

• Low Temporal Contiguity – Hypertext condition is which the entire map is linked 

to a factual page containing the map’s fact information. 

• Multimedia – a multimedia instructional and content message in which 

communication is displayed using text and graphics that are designed to enhance learning 

(Mayer 1984). 

• Temporal Contiguity – continuous information that is close in an online 

multimedia educational element such as a geographical reference map. Mayer (2006) 

supports that by implementing the Temporal Contiguity Principle “students learn better 

when corresponding words and pictures are presented near rather that far from each other 

on the page or screen.” (p. 96) 

 Summary 

  This portion of the dissertation displays the support for having conducted the 

current research implementing the use of temporal contiguity and feature imageability on 

a computer-based map. This multimedia educational research study focused on the map’s 

learning comprehension from a sample of collegiate participants.  These participants 

studied and tested regarding their learning of a geographic reference map and its features 

and associated facts.  This study determined the effects of providing feature-location 
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terms, with and without feature images, to represent those locations and their effects on 

participant recall, reconstruction and inference performance.  This study attempted to 

determine if a high temporal contiguous computer-based map enhanced student’s 

meaningful learning. Does the imageability of the map’s features promote retention and 

recall, of the features on the map? There are few if any research studies which have 

focused on contiguity and imageability with computer-based maps. This research 

attempted to fill a current research void by exploring how learning is affected and effected 

when high temporal contiguity and high feature imageability are presented on a computer-

based geographic map.  
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CHAPTER II 

REVIEW OF THE LITERATURE 

            Text and visuals are used throughout multimedia education. The effective 

instructional design and use of text and visuals are important decisions that must be made 

by all instructional designers. This chapter will discuss the review of the literature for the 

current research study that investigated the effects of contiguity (presenting text) and 

imageability (presenting features) while learning with a computer-based geographic map. 

These effects are the independent variables of the study, which are temporal contiguity 

and feature imageability.  This research has design implications as well as theoretical 

implications regarding the effects of visuals and text on the learner’s ability to transfer 

knowledge. These implications could provide instructional design foundations for the 

improvement of creating geographical reference maps in a multimedia environment.        

 The definition of instructional technology represents a starting point of 

multimedia education and how this research will support learning with geographic maps. 

 The definition of instructional technology prepared by the AECT Definitions and 

Terminology Committee and found in the Seels and Richey research from 1994 was 

stated as follows:  

Instructional Technology is the theory and practice of design, development, 

utilization, management, and evaluation of processes and resources for learning. . 

. . The words Instructional Technology in the definition mean a discipline devoted 
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to techniques or ways to make learning more efficient based on theory but theory 

in its broadest sense, not just scientific theory. . . . Theory consists of concepts, 

constructs, principles, and propositions that serve as the body of knowledge. 

Practice is the application of that knowledge to solve problems. Practice can also 

contribute to the knowledge base through information gained from experience. . . . 

Of design, development, utilization, management, and evaluation . . . refer to both 

areas of the knowledge base and to functions performed by professionals in the 

field. . . . Processes are a series of operations or activities directed towards a 

particular result. . . Resources are sources of support for learning, including 

support systems and instructional materials and environments. . . . The purpose of 

instructional technology is to affect and effect learning. (1-9) 

 Therefore, the purpose of instructional technology is not only to enhance learning 

but to affect and effect learning and the process of learning through instructional design. 

The current research study of a multimedia geographic reference map promoted students’ 

learning to recall and transfer information. This learning process was consistent with the 

definition of instructional technology by researching the best way to place text and 

visuals for enhanced meaningful learning.  

Instructional Technology leads to Multimedia 

 Although instructional technologists wish to affect and effect learning, it is 

through the implementation of technology and curriculum design that these positive 

changes towards learning comprehension can be achieved. With technology’s revolution 
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constantly evolving, technology curriculum designers have been accused of creating 

designs, which were driven by technology changes, more than designs manipulated by 

sound theoretical foundations (Moreno & Mayer, 1999). We, the instructional designers 

need to base our research within theory that explores and develops strong instructional 

curriculum. In the current research, the study concentrated on two instructional design 

variables that are supported by learning through a multimedia geographic map. The first 

variable was temporal contiguity. How did students recall and transfer knowledge of text, 

graphics and structure in a high temporal contiguous environment versus a low temporal 

contiguous environment? The second variable was feature imageability and the 

placement of icon feature images placed next to map features. How will the students 

recall map features and feature fact information in a map environment supported with and 

without feature icons?  

 Since this research was conducted in a computerized multimedia environment. 

The term Multi-Media was used. Multi-media was initially defined within the parameters 

of the theatre. During the 1970’s multi-media described a particular theatre-based film 

and slide-show collage experience. Currently, the term multimedia as defined by The 

Oxford English Dictionary, means “using more than one medium to expression or 

communication”, also multimedia is considered an “extension of hypertext allowing the 

provisions of audio and visual materials cross-referenced to a computer text” (p.1112). 

 Today the term multimedia has a public view that has evolved to mean numerous 

technologies which support both visual and audio types of media that are streamed 

together to provide communication. The uses for this multimedia travel the social, 
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corporate and education world by providing entertainment, advertising, sales, as well as 

education. Multimedia can also mean technologies of computers which most current 

computers have the capabilities of providing quality pictures and audio. This multimedia 

communication device is an instructional design and enrichment path for educators. 

Multimedia Leads to Instruction 

 One of the forerunners in instructional research and design using multimedia 

environments is Dr. Richard Mayer. He coined the collection of principles for designing 

instructional multimedia, called The Seven Principles of Multimedia Development. Dr. 

Mayer’s research in instructional design, as well as his principles of instructional 

multimedia, have developed and influenced curriculum and research for over two 

decades. Dr. Mayer’s definition of multimedia is simple and concise; multimedia teaches 

a message, which is communicated through both, words and pictures. Learning with 

multimedia is name labeled by Mayer as a dual-coding process in which the learner 

comprehends with visual and verbal codes. This multimedia message has the purpose of 

promoting learning through its design (Mayer, 2002).   

Textbooks versus Multimedia Learning 

 Kulhavy, Stock and Kealy have shown that geographic maps can assist in the 

process of remembering related text (Kulhavy, et al., 1993). Kulhavy and his colleagues 

map research demonstrated that student recall of information is superior when the map 

and text are presented adjacent. When the participants studied only the map without the 
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text adjacent they remembered less information (Abel & Kulhavy, 1986; Kulhavy, Stock, 

Peterson, Pridemore, & Klein, 1992; Kulhavy, et al., 1993; Schwartz & Kulhavy, 1981). 

These map and text experiments were presented in paper form with the text information 

in a narrative form. This narrative text had transition statements that joined the map with 

the map’s text and facts (Kulhavy, et. al., 1993). Traditionally, textbooks have presented 

maps and factual information in a similar form with a map on one piece of paper, 

followed by the map’s facts listed on additional pages. With traditional textbook type 

learning, the presenting of maps and their related facts on different pages seems logical 

and practical. However, multimedia can provide additional ways to present the map and 

text that is simply not possible with the printed form. Technology offers the ability to 

hyperlink information from one location on a map directly or temporal contiguous to a 

specific fact depicting that location.   

Multimedia Benefits with Hyperlinks 

 Although Ted Nelson first created the term hypertext in 1965, the original 

definition has been modified over time. The Oxford English Dictionary (2001) defined 

hypertext as “computing software that links topics on the screen to related information 

and graphics, which are typically accessed by a point-and-click method” (p.838). By the 

time 1987 rolled along, hypertext was defined as information that is non-sequential, non-

linear yet tied to other text or graphic information through instant links (Neilson, 1995). 

 Jonassen with his peers stated that hypertext, an extension of multimedia, is a 

non-linear technology text that does not have a beginning, climax and end.  Unlike a 
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novel, hypertext is a web of linked pockets of textual content and pictorial visuals that 

provide non-linear information. The user is at the pilot’s seat with hypertext and can 

choose to proceed towards a specific pocket of information or in an altogether different 

direction (Jonassen & Mandl, 1990). 

 Hyperlinking as defined by the Oxford English Dictionary (2001) as “a link from 

a hypertext file or document to another location or file, typically activated by clicking on 

the highlighted word or image on the screen” (p. 838). Therefore, a map’s feature 

locations could be contiguously hyperlinked to specific collection of factual information 

about the map’s locations. The transition statements linking a map’s narrative to feature 

facts used by Kulhavy and his cohorts on paper are no longer necessary (Kulhavy, et. al., 

1993).  Instead of presenting feature locations on a map with a narrative about those 

locations on a separate sheet of paper, computers can present the information instantly as 

a whole integrated lesson (Mayer & Moreno, 2003).   

 Paivio’s Dual Coding Theory 

  Paivio’s Dual Coding Theory proposes that three cognitive processes occur through 

two separate channels that make referential connections to one another. The first type of 

cognitive processing is the receiving of cognitive information through the verbal or non-

verbal channels. The second process is a set of referential connections in which a certain 

path (verbal or non-verbal) activates the other path to make a referential connection of 

information. The third and final cognitive process is the associative processing in which a 

path of information is activated within itself. Any cognitive process may require any, part 
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or all of these three cognitive processes (Paivio, 1986).  

 These three cognitive processes and two channels are verbal and non-verbal paths 

which all receive equal importance in the cognitive process of the information storage. 

The verbal channel comprehends language both visually and auditorally. On the other 

hand, the visual channel understands images, graphics and sound. Each channel can 

retrieve and connect information from the other channel. Paivio dual coded theory states: 

man's knowledge is unique in centering on adapting with language and visuals by 

understanding both textual and graphic presentations. Man's language system is different 

in that it deals directly with communication input and output (in the form of speech or 

writing) while at the same time comprehending a visual function (in the form of pictures 

and graphics) with respect to all nonverbal presentations. Any theory concentrating on 

how man recalls, transfers and referentially connects information must take into account 

this dual framework (Paivio, 1986.)  Paivio’s theoretical account provides the 

infrastructure of the current research study. 
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Figure 1. Paivio’s Dual Coding Theory diagram. 

 

Paivio to Mayer 

 Many researchers have used Paivio’s Dual Coding Theory, but perhaps the most 

famous to weave Dual Coding into his own multimedia model is Dr. Richard Mayer. Dr. 

Mayer has applied the Dual Coding Theory within the field of technology learning. Dr. 

Mayer’s Model of Multimedia Learning draws from not only Paivio’s Dual Coding 

Theory, but also from Sweller’s Theory on Cognitive Load as well as Bruner’s Theory of 

Constructivism (Mayer, 2001; Paivio, 1986; Sweller, Chandler, Tierney, & Cooper, 1990; 

Bruner, 1960). Mayer’s research has shown that learners achievement is enhanced when 

corresponding textual and graphical information are presented together. This connected 

presentation creates a more meaningful learning environment. Ideally, textual and 

graphical content should linked and connect each other as a whole content. This entire 
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content presentation promotes the learner to process different caches of information both 

verbal and images simultaneously (Mayer, 1997). Mayer’s procedure of providing verbal 

and visual information together was instrumented in this research study. 

 The current research stimulated information retention by presenting concrete map 

features, a feature image, and a feature facts. In 1997, Mayer conducted a series of 

experiments describing a cause and effect system or an animated sequence and process. 

The participants studied text information in a contiguous environment. Those participants 

who studied with text or narration presented contiguously close with a diagram or 

animation performed superior on assessments over other participants who studied in less 

contiguous environments (Mayer, 1997).  

            In 1992, Anderson with Mayer supported meaningful learning by framing The 

Temporal Contiguity Principle. The Principle states that when presenting text and 

graphics it is important to present them contiguously in a multimedia environment. This 

contiguity supports learners to perform better on recall tasks as well as problem solving 

tasks. Researching with geographic maps in a computerized environment provides for 

additional memory cue values is not possible with a textbook or paper presentation of a 

map. Participants in the current research connected information from the text, which was 

stored in the verbal system, as well as from the map which was stored in the non-verbal 

system. This referential connection of the text and the map’s features as Mayer has 

suggested is a more productive and meaningful learning environment (Paivio, 1986; 

Mayer 2001). With the multimedia addition of temporal contiguity the dual systems are 
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presented with the map and the feature facts in connected time. Although Mayer and his 

colleagues have completed extensive research on verbal, visual information recall and 

transfer, they have not conducted researched of a map with facts presented temporal 

contiguous to map features. The vigor of The Contiguity Principle is shown in a series of 

studies conducted on learning from computer-based reference maps (Crooks, White, 

Srinivasan, & Wang, 2005). Crooks and his colleagues have shown that the Contiguity 

Principle does indeed apply to geographic maps in a research environment (Crooks, et al., 

2005). 

Bruner’s Theory of Constructivism 

            Bruner built the framework of his Instructional Constructivist Theory upon his 

studies in the field of cognition. Especially influential to Bruner’s theoretical design was 

the child developmental researcher, Jean Piaget. Bruner’s original theoretical framework 

evolved during a science and math conference in which Bruner used the abstract example 

of prime numbers to demonstrate his theory. Bruner showed how children could visually 

construct their own meaning of prime numbers by placing bean counters in columns and 

rows to complete a prime number board. Here the student could visualize prime numbers 

and then internalize the concept through their construction (Bruner, 1979). 

  Here the backbone of Bruner’s Constructivist Theory is laid out; a learner must 

be actively involved in constructing their personal learning. One can not simply sit and 

absorb knowledge a learner must build or construct new concepts on top of their past 

knowledge. The learner sorts, classifies, constructs and builds more structures of 
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knowledge as they make connections with their past and current cognitive structure. This 

knowledge structure created by the learner enables the learner to go beyond the 

instruction or information provided to construct meaningful learning. Bruner would say 

that the learner creates a spiral pattern of learning always moving upward on the spiral 

while building on the learner’s previously constructed knowledge (Bruner; 1960, 1973, 

2006). Within the current research each participant studied a map, with feature names, 

feature facts and the map’s structure.  On one of the criterion measures the participants 

reconstructed their knowledge of the map’s features and structure.  Here constructivist 

meaningful learning was portrayed as the participant recalled and transferred the 

reconstruction of the research map. 

Sweller’s Theory of Cognitive Load 

 According to Sweller cognitive load is the amount of mental energy needed to 

process information. He stated that the primary objective of cognitive load was to 

improve the quality of an instructional design by considering the role and limitations of 

the learner’s working memory (Sweller, 1999). Sweller’s Theory of Cognitive Load has 

three cognitive processes; intrinsic cognitive load, extraneous cognitive load and germane 

cognitive load. The difficulty level of the materials determines intrinsic cognitive load. 

Intrinsic cognitive load cannot be modified by changes with in the instructional design. 

Extraneous cognitive load is a collection of the non-critical portions added to enhance the 

content. Sweller states that changing the instructional design can modify that amount of 

extraneous cognitive load and its impact on the learner. Germane Cognitive Load is 
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needed to obtain and support the learner’s goal, and therefore it can not be reduced 

(Sweller, 1999).  

 According to Cooper (1998), the learner can facilitate learning by optimizing, 

which will in turn reduce the extraneous cognitive load. Cooper and his colleagues 

describe two design elements that enhance learning through optimizing. First, the 

instructional designer needs to decrease extraneous cognitive load. Second, the designer 

must create an environment, were the learner’s working memory capacity is increased 

(Cooper, 1998). Cognitive Load Theory can be summarized as the amount of learning 

information that could a learner can process cognitively with in short term memory at any 

one given time (Chandler & Sweller, 1991). Sweller’s Cognitive Load Theory would 

suppose that the current research of providing contiguous facts with feature images would 

be redundant or not effective in promoting recall and transfer for participants. Cognitive 

Load Theory would propose that the low intrinsic value of a geographic map would not 

need additional measures to stimulate learner’s recall and transfer. Nor would these 

additional measures be beneficial to the learners. However, past research with multimedia 

maps conducted by Crooks and his colleagues has not aligned with Sweller’s theory, but 

instead supported the notion that The Cognitive Load Theory does not address the 

facilitative abilities of contiguity (Crooks, 2006). Instructional designs aimed at reducing 

extraneous cognitive load can be important even when an instructional situation involves 

low-load materials that do appear to need the mental integration of visual and verbal 

material (Crooks, 2006). 
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 The current research hypothesized that not only will a high temporal contiguous 

geographic map environment increase learner’s recall and transfer of the map’s 

information, but high feature imageability will also stimulate recall and transfer. 

Therefore this research focused on a possible hole in Sweller’s Cognitive Load Theory. 

This research hypothesized that temporal contiguity modifies learning achievement, and 

learners will be able to achieve additional cognitive benefits from the map’s imageability 

features. 

Reigeluth’s Elaboration Theory 

 Where Bruner’s Constructivist Theory has the learner constructing knowledge in 

a spiral form of building on previous lessons, Reigeluth’s Elaboration Theory has the 

learner organizing his or her knowledge in a pattern of increasing complexity supported 

by previous knowledge (Bruner, 1973; Reigeluth, 1987). The key point of the elaboration 

theory is that learners must develop a meaningful context into which future ideas and 

skills can be incorporated. The Theory of Elaboration as presented by Reigeluth (1987) 

has seven components: (1) an elaborative sequence, (2) learning prerequisite sequences, 

(3) summary, (4) synthesis, (5) analogies, (6) cognitive strategies, and (7) learner control.  

The elaborative process is a simple to complex set of instructional components in which 

the first lesson epitomizes (rather than summarizes) the content knowledge that follows. 

Epitomizing should be done on the basis of a single type of content or knowledge and 

should involve the learning of just a few concepts at the application level.  The 

Elaboration Theory results in the formation of more stable cognitive structures and 
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therefore better retention and transfer for the learner. In turn the learner has heightened 

motivation through the creation of their personal meaningful learning contexts, and the 

driven learning satisfaction for personally directed learner control (Reigeluth, 1987, 

1999).  

 Reigeluth would propose that the learner’s of the geographic map research project 

would take the map as an entire image and store that image cognitively. However, the 

current research proposed that the feature information of the map is not stored as an 

entire image of a map, but as selected feature images. Research suggests that the visual 

image of the map’s features and its corresponding feature facts increase learner’s recall 

and transfer (Crooks, 2006). Therefore the research hypothesized that the map’s feature 

images would increase participant’s recall and transfer of the map, as well as its features 

and facts.  

Contiguity and Multimedia Geographic Map Learning 

           Aristotle was a philosopher and an educator. He was also an influential thinker 

who began to question the ways people learn and remember information (Jewell & Abate, 

2001).   He coined four Laws of Association to explain learning and memory; they are 

called the Laws of Contiguity, Contrast, Frequency and Similarity. Concerning the Law 

of Contiguity it proposed that items, which are close in time and space, are more readily 

learned than items that are not close in time and space (Gray, 1901). This Law of 

Association: Contiguity created the groundwork for the proposed multimedia map 

research project. 
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            In a multimedia environment temporal contiguity is defined as placing text and 

graphics close together in time and space. However, when the placing of text and 

graphics not close together in time and space this is not contiguous (Mayer, 2001). 

According to Dr. Richard Mayer, multimedia effects should enhance learning in 

conjunction with contiguous effects (Mayer, 1997). Mayer in 2001 divided the term 

contiguity into two levels within multimedia, temporal contiguity and spatial contiguity. 

Temporal contiguity is defined as a situation in which words and pictures are presented 

together in time instead of successively. Spatial contiguity is defined as a situation in 

which words and pictures are presented close together in proximity (Mayer, 2001).  

 Even though both types of contiguity have experienced support in the research 

literature, Crooks and his colleagues felt it was important to modify these definitions to 

incorporate a geographic map environment (Crooks, 2006). These modifications to the 

temporal and spatial contiguity terms operationalized the variables and altered the 

nomenclature of the words to encompass multimedia geographic map research. Mayer’s 

2001 definition of temporal contiguity supports that words and pictures presented in the 

same time are temporally contiguous when they are presented simultaneous but not 

contiguous when they are presented sequentially. Focusing on Mayer’s research with 

contiguity this definition is appropriate and on target. Mayer stated that temporal 

contiguity occurs when presenting text materials, that goes before or after a sequence of 

animation (lasting several seconds) then the connection between text and animation is 

less contiguous than when they are presented synchronously (Mayer, 2001). However, 

Crooks and his colleagues felt this temporal definition was too limiting. So they defined 
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temporal contiguity as occurring when corresponding words and graphs are presented 

simultaneously rather than successively (Crooks, 2006).This modified definition would 

also apply to the current proposed research. In the current research participants learned 

map features from a static map and expanded their feature knowledge by mouse clicking 

feature images on a map temporally contiguously linked to feature facts. These mouse 

selections immediately hyperlinked the user with feature text information about the 

specific map feature location. This hyperlink setting occurred in less than one second of 

time on the computer screen. Sticking with Mayer’s definition of contiguity this 

contiguous hyperlink setting would be labeled not contiguous (Mayer, 2001). However, 

Crooks and his colleagues labeled this split second display of feature facts as temporally 

contiguous (Crooks, 2006).  

 Looking at current definitions of the word contiguous in the dictionary for the 

support for sequencing of information to be contiguous it can be reinforced there. The 

Compact Oxford English dictionary defines contiguous as “next to or together in 

sequence” (p.181). Therefore it would appear that dictionaries reference support for 

contiguous environments to be sequential. For these reasons, Crooks and company 

labeled temporal contiguity as the multimedia presentation of text and graphics which is 

presented simultaneously or in immediate succession. Noted trends in research studies by 

Crooks, support that in temporal contiguous settings achievement is higher, while in not 

contiguous settings, achievement scores are lower (Crooks, 2007). 
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Concrete Feature Names 

           The sixteen feature names located on the current research map are concrete feature 

names. These sixteen concrete feature location names used in the current study were 

selected from Nelson, McEvoy and Schreiber’s (1991) online list of Word Association, 

Rhyme and Word Fragment Norms. The sixteen words selected for the research map 

were chosen for their concrete values, which ranged from 6.5 to 7.0 on the Nelson 

Concreteness Scale. Nelson’s normed database consists of thousands of words for their 

associative and concrete abilities (Nelson, et al. 1991).  

Nelson, McEvoy and Schreiber (1991) stated that words are associated with experiences 

and;   

 dynamic associative structure is created in memory that involves representations 

 of the words themselves as well as connections to other words, and we have 

 reasons to believe that this lexical structure plays a critical role in any task  

 involving familiar words (p.1). 

 

            According to Paivio and his Dual Coding Theory, these concrete feature names 

will be encoded into memory more successfully than abstract feature names. A concrete 

word is a word that has a definition that is both meaningful as well as a visualizable by 

the reader (Paivio, 1986). For example, in the current study the feature name Tower 

created a meaningful definition of a tower for the participant as well as a visualizability 
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of an image of a Tower. According to The Oxford English Dictionary (2001) the word 

tower means: “a tall narrow building, either freestanding or forming part of a building 

such as a church or castle” (p.1791). Paivio suggests that the verbal path of cognition 

interprets the text Tower and places a definition for the word tower in memory. This 

definition might be similar to the tower definitions provided above. Then while the 

participant reads the word tower, the name’s natural concreteness sends a message on the 

non-verbal path of cognition with a sketch or a picture of a Tower to memory. When 

participants studied tower they developed an image of a Tower in memory. According to 

Paivio, when the concrete term Tower can make referential connections between the 

verbal and non-verbal memory paths then recall is improved (Paivio, 1991). In the 

current research the concreteness of the word was enhanced by the increased feature 

imageability with in the study. The research hypothesis proposed that the closer the 

feature item Tower was to the feature image Tower and Tower to the feature fact was 

then studied in working memory, the more likely referential connections would be made. 

Temporal contiguity tends to be effective for concrete feature terms, but it does not show 

the same effectiveness with abstract feature terms (Ou, Crooks, White, & Wang, 2005; 

Srinivasan, Han Kittikunanat, & Crooks 2006: Srinivasan, Lewis, & Crooks, 2006). 

 In the current research, there were three computer-based geographic maps which 

were drawn with three levels of imageability; high, medium and low. These three maps 

were then presented in two levels of contiguity. The first level of contiguity was the high 

temporal contiguous map and the second level of contiguity presented the content 

information in a low temporal contiguous level. In the first map, with the low 
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imageability setting there was no concrete feature name, only a feature marker. The 

research hypothesized that this first map with no feature name condition would not 

enhance participant’s recall and therefore their recall would stay the same across the 

variety of maps. This was shown to be true, because there was not a dual path of 

cognition, only a name with in a narrative text. In the second map condition which was 

labeled as a medium imageability map, there was a concrete feature name next to each 

feature marker for enhancing student’s recall through the visualability of the concrete 

term. In the final high imageable map condition, there was a feature marker, a concrete 

feature name with an icon image mimicking the concrete feature name. This study 

proposed that as imageability of the map features increased participants would be able 

better recall and transfer the map and its content for meaningful learning. This feature 

imageability combined with high temporal contiguity proposed to fill a hole in the current 

cognitive research studies. This gap would be narrowed by hypothesizing that the closer 

the feature facts are studied to the feature names the better the students would recall the 

word and its associated facts of the map. Therefore this research focused on the 

facilitative abilities of contiguity and imageability. 

 Mnemonics, Memory and Images 

            For as long as learners have attempted to remember facts and dates, the primary 

learner’s strategy has been to just study it until you know it. Unfortunately, this rote 

memorization as a primary learning strategy can be tedious, time consuming and 

frustrating.  The definition of rote memorization listed in The Oxford English Dictionary 
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was “mechanical or habitual repetition of something to be learned…” (p.1483). Clark and 

Paivio (1987) suggest that facts are particularly challenging for the human brain to store 

and recall. Straight memorization of facts can be inefficient and frustrating. One strategy 

to avoid the blatant rote memorization process is to associate the facts with familiar 

knowledge already stored in the learner’s memory, like with the use of mnemonics (Clark 

& Paivio 1991). Mastropieri and Scruggs defined mnemonics as a step by step procedure 

for enhancing recall of content. They caution that mnemonics are not an overall teaching 

method or approach, but a simple way to enhance recall. Mnemonics are simply a 

different plan which been proven to be effective in assisting content recall into memory 

(Mastropieri & Scruggs, 1998).  

           Joel Levin has completed extensive research on mnemonics.  Levin defines 

mnemonics as a step by step system approach for converting difficult to remember 

information into more readily remembered information (Pressley, Levin, & Delaney 

1982).  Pressley, Levin & Delaney (1982) grounded their mnemonic research with 

Paivio’s Dual Coded Theory while supporting their research to promote recall and 

transfer through the use of verbal and non-verbal referential connections (Paivio, 1986). 

Levin and his colleagues studied a keyword method of mnemonics in which a learner of a 

foreign language would find a keyword in his or her primary language that had a 

meaningful connection to their foreign word they were attempting to learn. This keyword 

method had a two-stage process. The first process was finding a concrete noun that was a 

meaningful representation of the foreign word they were attempting to learn. Ideally, this 

concrete noun would sound like the foreign word as well. The second stage was to join 
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the keyword into a meaningful sentence. In this way participants took the foreign word 

that was originally meaningless to them, applied a meaningful concrete English term and 

then visualized the English term in a sentence. This meaningful sentence is then 

visualized by the learner and supports recall of the foreign word by creating referential 

connections (Pressley, Levin & Delaney, 1982).  

 As Levin and company continued their research they incorporated Pressley’s 

illustrations with their keywords and experienced increased recall, especially in the K-12 

environment. This addition of a picture, illustration or graphic seems to referentially 

connect meaning with the verbal and nonverbal memory paths (Pressley, Levin & Miller, 

1981).  Atkinson determined that the illustration of the keyword was slightly superior 

over having the participant create a keyword sentence (Atkinson, 1975; Pressley, Levin & 

Delaney, 1982). In a similar way, this research current project believed that the concrete 

feature location terms located temporally contiguous on a geographic reference map 

combined with a feature image did help support the transfer of meaningful learning. Icons 

facilitated recall and transfer for the map research participants.  

Concreteness and Map Research 

        In research studies conducted in 2005 and 2006, map labels constructed with 

concrete and abstract feature names produced significant results. The maps labeled with 

concrete feature names prompted participants to recall significantly more feature names, 

than did the abstract feature labels. The same concrete feature names prompted 

participants to significantly recall more feature facts. Overall the concrete feature name 
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group recalled and transferred more information from the map than the abstract name 

group did (Ou, Crooks, White, & Wang, 2005; Srinivasan, Lewis, & Crooks, 2006). 

According to Paivio in the above study the participant’s scores were enhanced by using 

concrete feature names (Paivio, 1986). These concrete feature names provided a path for 

more referential connections between participant’s verbal and non-verbal paths of 

memory. The current research was enhanced from previous map research by adding the 

feature imageability factor. 

Concreteness and Contiguity in Map Research 

 In 2005 and 2006, Srinivasan and her colleagues researched concreteness and 

contiguity on a research map. These studies showed that abstract words were recalled 

better in a not contiguous map environment instead of a contiguous one. On the other 

hand, this same research showed that participants learned and recalled even better when 

concrete feature names were presented in a temporal contiguous map environment. It 

would appear that concrete feature names on a contiguous map will promote meaningful 

learning better than an instructional design with abstract terms. This research focused on 

concrete feature names on a high temporal and low temporal contiguous map (Srinivasan, 

et. al., 2005 & 2006). 

 Concreteness, Contiguity and Feature Imageability 

          At the present, this researcher cannot find a reference or research experiment in 

which concrete feature names, supported with images in a highly temporal contiguous 
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map environment have been researched. Three levels of imageability were researched 

with a low imageable map that represented each feature location with only a feature 

marker. A second map had a medium imageability factor that portrayed each feature 

location with a concrete term and a feature marker and finally a high imageable map that 

displayed a concrete feature location, feature marker and a feature icon.  All three maps 

were the researched with high and low levels of temporal contiguity hyperlinking the 

feature facts to each feature or to the entire narrative. 

          The researcher proposed that feature imageability would interact with contiguity.  

Therefore hypothesizing that feature imageability would facilitate meaningful learning in 

a contiguous map environment.    

Research Questions 

1) How does map feature and fact contiguity effect the recall, reconstruction and 

inference performance of college students studying a computer-based geographic 

reference map? 

2) How does imageability of map features effect the recall, reconstruction and 

inference performance of college students studying a computer-based geographic 

reference map? 

3) How does imageability interact with contiguity to effect the recall, reconstruction 

and inference performance of college students studying a computer-based 

geographic reference map? 
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CHAPTER III 

 METHODOLOGY 

Design 

This research experiment examined the effects of fact location and feature 

imageability on the recall and transfer of information contained in a computer-based 

geographic map. Two levels of fact location (high temporal contiguity vs. low temporal-

contiguity) and three levels of feature imageability (low vs. medium vs. high) were 

examined in a 2 X 3 between-subjects factorial design. The dependent variables were fact 

recall (see Appendix A), a map reconstruction (see Appendix B), and an inference 

performance (see Appendix C). Appendix D presented the research protocol for the study 

(see Appendix D). While participant information was gathered from a demographic 

survey (see Appendix E). The reconstruction dependent variable, a map reconstruction 

(See Appendix B), was examined in a 2 X 2 between-subjects factorial design containing 

two levels of fact contiguity and two levels of imageability (medium vs. high). ANOVA 

was used to test for the differences between groups on the dependent measures. All 

statistical tests were performed with an alpha level of .05.   

Participants 

  The participants in this research study consisted of college students enrolled in 

EDIT 2318, a beginning computer course at Texas Tech University. A Digital Native 
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Survey given during the research study recorded the demographic and digital use 

characteristics of the student sample population. The EDIT 2318 class averages around 

1,000 participants each semester and majored in all disciplines at the university. The 

demographics for the 150 participants in the current research, from the fall 2006 semester 

were as follows: 67 freshman, 47 sophomores, 21 juniors and 15 seniors. The sample 

group contained 87 females and 63 males, with a mean age of 20 years, and an average 

GPA of 2.99 (See Table 3.1). 
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Table 3.1 

Participant’s demographic characteristics and distribution statistics 

 

Participants Total 

 

N = 150 

Gender 

 

 

Female 87 

Male 63 

  

          Ethnicity 

 

 

White 114 

Mixed Racially 6 

Hispanic 5 

Black 3 

Native American 3 

Asian 2 

Other 15 

Not provided 2 

  

Classification 

 

 

Senior 15 

Junior 21 

Sophomore 47 

Freshman 67 
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    Participants signed up online to participate in this research project and receive 

extra credit points. When participants completed their participation, they were given extra 

credit points. One hundred and fifty participants were randomly assigned to the six 

research conditions. The research design was a 2 (fact location: high temporal contiguity 

vs. low temporal contiguity) X 3 (feature imageability: high vs. medium vs. low) factorial 

design. Permission was received to proceed with this research was received from the 

Texas Tech University’s Institutional Review Board for the Protection of Human 

Subjects (See Appendix G).        

Materials 

The research materials were presented in a computerized environment created in 

Macromedia’s Director MX. The participants viewed the geographic maps on Dell 

Computers with Pentium IV processors, with 512 mbs of RAM with a display on 17-inch 

monitors.  

            The participants view one of three maps from one of the six research conditions. 

The base map of the island of Malta consisted of 16 feature markers representing 16 

locations on Malta. These 16 feature markers were located within the map’s boundaries. 

The feature markers were randomly placed on a two-dimensional map, with eight 

locations near the borders, and eight locations near the center of the map. Each individual 

feature marker consisted of a small, black, (1/8 inch by 1/8 inch) square. The Malta map 

also contained 7 roads marked with 1-point lines, and the island was surrounded by a 

body of water.  
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           The 16 feature names were Ticket, Arrow, Pipe, Cord, Foot, Tower, Dove, Fish, 

Trumpet, Apple, Fox, Trees, Nails, Chest, Gun, and Grapes. These 16 feature names were 

chosen for their concreteness (familiar and imageable), which was based on a norming 

procedure from The University of South Florida’s Word Association List (Nelson, 

McEvoy, and Bajo, 1987). The icon images were selected to support and mimic the 

concrete feature names. These icons were normed in a survey during the spring 2006 

semester. The participants identified the icons with 77% accuracy. 

The text supporting the geographic maps consisted of 16 sentences that contained 

a feature name and a feature fact, for example: “People also stop to see Trees, which 

houses the finest examples of baroque art in the world.” The style of the feature text 

differed across map conditions, in the low contiguous condition there was a complete text 

narrative, and in the high contiguous condition the text was divided into feature facts. 

These differences were according to feature to fact locations and their level of contiguity, 

low or high. The participant studying under the high temporal contiguous map clicked on 

the feature marker to view a feature related fact. After the participant selected the feature 

marker, a feature fact would display instantly on a separate screen (see Figure 2). 

Figure 2. Feature location Grapes and feature fact. 

 

Figure 2.  Feature location Grapes and feature fact. 

Of course there is Grapes where 

fossil remains can be found along the 

path. 
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 Low temporal contiguous map participants clicked on a button in the top right 

hand corner of the map. After the participant selected the button, the Malta feature fact 

narrative was displayed on a separate screen from the Malta map. The narrative was in a 

paragraph form. The participant could move back and forth between the narrative and the 

Malta map, the participant returned to the map by clicking anywhere on the narrative 

screen. This condition was considered to be low temporally contiguous because there 

were no direct hyperlinks between the feature names and the feature facts. The low 

temporal contiguous map required that participants spend additional time and effort on 

correlating feature names to feature facts (see Figure 3). 

Figure 3. A portion of the Malta Map's narrative text below. 

 

 

                 No Contiguity Fact Location Level 

 

The three Malta geographic maps were identical except for the degree of feature 

imageability. There were three degrees of feature imageability, low, medium and high. In 

the low feature imageability map, a small square marker designated each feature location 

(see Figure 4). 

The Island of Malta 

When in Malta everyone likes to visit Arrow, which was 

a major naval base in historical times.  People also stop 

to see Trees, which houses the finest examples of 

baroque art in the world.  
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Figure 4.  Low Feature Imageability          

 

     The Malta Map with feature markers 

 

In the medium feature imageability map, a concrete feature name was added to 

each square marker (see Figure 5).  In the high feature imageability map, a mimetic icon 

was added to each feature name and marker (see Figure 6).  The medium feature 

imageability map displayed sixteen feature names next to the feature markers. The 

feature locations on the island of Malta were deemed concrete because they encouraged 

the reader to visually see an image representing the feature location. For example, Trees 

was a location on the island of Malta. Reading the word Trees promoted seeing the text 

trees, as well as visualizing an image of a group of trees. The concrete feature name 

supported transfer and recall by reinforcing knowledge through text and imageability. 

Concreteness supports meaningful learning by supplying the reader with a verbal and 

visual connection to the feature locations’ names (see Figure 5). 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  50 

Figure 5. Medium Feature Imageability 

 

 

The Malta Map with feature markers and concrete names. s.

 

 

The high feature imageability map displayed 16 feature names next to the feature 

markers along with icon images mimicking those feature names. The icons provided an 

additional visual component to help the reader transfer meaningful learning of the map's 

features and facts (see Figure 6). 
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Figure 6. High Feature Imageability 

 

The Malta Map with feature markers, concrete feature  

names and icon feature images. 

 

Criterion Measures 

The criterion measures included a retrieval measure, a reconstruction measure, 

and an inference measure. These three measures were given to the participants 

immediately after the research study session and as a delayed measure, two days after the 

research study session. The participants also completed an online demographics and 

digital usage survey, called The Digital Native Survey. 

The retrieval measure was a cued recall assessment to assess the participant’s 

recall of the feature facts. The map reconstruction assessment demonstrated the 

participant’s recall of the map’s feature locations and their relation to the map’s borders. 

The inference measure demonstrated meaningful learning of the map’s features and facts. 
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Cued recall test: The cued fact recall was a paper-based assessment, which listed 

the 16 feature location names from the Map of Malta. Next to each feature location was a 

blank reserved for the participants to display their knowledge of the feature fact. This 

cued fact recall was collected on an 8.5 X 11 sheet of standard paper with a header 

explaining the assessment task. The participants were given eight minutes to complete the 

assessment (see Appendix A for example of Cued Fact Recall Assessment). Participants 

were encouraged to use the entire eight minutes to complete the task and write down all 

they could remember about each feature locations. Scoring of the cued fact recall was 

based on Boviar and Kieras’ (1981), Guide to Propositional Analysis for Research on 

Technical Prose. The researcher divided the feature facts into “phrases” according to the 

guidelines in the propositional analysis guide. Recall of a phrase, major phrase portion or 

recall of keywords from the phrase received one point each, towards the total score for 

the recall criterion measure. One point was given for each correct propositional portion of 

a fact segment, keyword, or phrase. No points were given for an incorrect fact segment 

(Boviar & Kieras, 1981). The maximum score a participant could receive on this recall 

measure was 106, with participants’ scores ranging from zero to 60. An example of 

scoring the recall displayed with the Malta feature fact for Pipe follows: “People can also 

go to Pipe to see the spectacular fireworks display”. This sentence was divided into five 

propositional phrases for scoring. Prop 1: People go to Pipe. Prop 2: People go there. 

Prop 3: People go to see fireworks. Prop 4: There is a display of fireworks. Prop 5: The 

fireworks are spectacular. The keywords in bold were worth one point each, and the 

propositional phrases were worth one point each. This recall instrument measured the 
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research participant’s power to recall the feature facts associated with each feature on the 

map, while providing points for participant’s retention of the main idea. Interrelator 

reliability was performed by Dr. Steven Crooks.  

The Cronbach’s alpha for the coefficient for reliability on the immediate cued fact 

recall was .896 for the 16 item measure (See Appendix A). The Cronbach’s alpha for the 

delayed cued fact recall was .899. When Cronbach’s alpha reliability coefficient is .70 or 

higher, then the measure is considered acceptable and reliable.  

Map Reconstruction Test: The free map reconstruction measure was a paper 

assessment, with a blank outline box. The box represented the line that surrounded the 

geographic map on the computer screen, which the participants viewed while studying 

the island of Malta. Participants were asked to recreate the outline of the island of Malta, 

as well as draw the 16 feature markers and label them with the corresponding feature 

name. The participants received five minutes in which to complete the task, and were 

encouraged to use the entire time (See Appendix B). This map reconstruction was graded 

with a transparency overlay of the exact map. The researcher placed the transparency on 

top of each participant’s map for scoring. Each feature location marker that was placed 

within 2.5 centimeters of the computer-based location marker received 3 points. Each 

feature location that was located within a 1/8
th

 pie section of the feature marker received 

2 points, and a feature marker located within a quadrant of the exact location received 1 

point. Locations outside the quadrant received zero points (see Appendix B for Map 

Reconstruction Assessment). The maximum score a participant could obtain for this 
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reconstruction measure was a 48. The participants’ scores ranged from zero to 48. This 

measure determined the participants’ abilities to reconstruct the island of Malta to scale 

on a sheet of white paper. The Cronbach’s alpha for reliability of the immediate 

reconstruction measure was .892. For the delayed reconstruction measure the Cronbach’s 

alpha was .884 for reconstruction of the sixteen features on the map. When Cronbach’s 

alpha reliability coefficient is .70 or higher, the measure is considered acceptable and 

reliable. 

Inference Test: The third post-test was an inference assessment which consisted of 

11 fill-in-the blank items.  This assessment measured the students’ abilities to infer 

knowledge about the island of Malta. To correctly answer a question on the inference 

assessment, a participant needed to comprehend the feature facts about Malta well 

enough to infer information that was not directly represented in the map's facts or 

narrative. The inference assessment was scored as a measure of the research population’s 

ability to infer knowledge from the island of Malta to possible island scenarios. 

According to Bloom’s taxonomy, there are six levels of questioning knowledge: 

comprehension, inference, analysis, synthesis, and evaluation (Bloom, 2006). For the 

inference test, participants did not recall the information in a rote way, such as in the cued 

fact recall, but had to make a logical leap to identify the correct feature locations. The 

participants had 8 minutes to complete this task and were encouraged to use the entire 

time. For scoring, one point was given for each correct answer (see Appendix C for the 

Inference Assessment). The total number of points possible for the inference measure 

was 16. The Cronbach’s alpha for the immediate inference assessment was .782. The 
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Cronbach’s alpha for the delayed inference measure was .809 and therefore the 

measurement was reliable for both the immediate and delayed measures.  

The Digital Native Survey: The Digital Native survey gathered demographics and 

digital usage information from the research sample population. This survey instrument 

was an online questionnaire provided to the participants for the sole purpose of defining 

the research population (see Appendix E).  Participants spent between 5 and 10 minutes 

completing the online survey.  The survey contained 30 items; the first eight items were 

used to define the participant’s basic demographics such as gender, university 

classification, age, GPA, ethnicity, major, and minor (see Table 3.1), and the next 22 

items asked participants questions related to digital usage and Marc Prensky’s definition 

of a digital native.  These responses showed the sample population to be predominatly a 

digitally ingrained and digitally dependent society. Prensky defines a digital native as any 

student who is a user of digital technology, cell phones, and computers, as well as an 

online and gaming participant (Prensky, 2001a). The 22 items which addressed the 

population’s digital savvy asked whether participants viewed themselves as a digital 

native and questioned their personal digital usage.  

This survey instrument provided a picture of a collegiate population that was 

97.33% integrated computer users, with 70.67% of the population viewing themselves as 

digital natives. Taking for a moment that this research population was made up of a 

digital native population it is reflective to note that 78.67% of this population viewed 

themselves as successful multi-digital task users, able to complete college homework 
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while using other digital devices. In other words, the research participants felt they could 

comfortably multi-task when completing their homework, by listening to their Mp3s, by 

instant messaging, and by using cell phones. They believed they could combine all these 

tasks and still successfully complete their homework at the same time. This survey 

created a picture of a population that was not only inbred digitally, but perhaps reliant on 

its digital devices to achieve college success. This picture makes one question whether 

the sterile environment of a research setting does or does not properly reflect the average 

college student’s normal digitally immersed habitat. Possibly, the sterile research 

environment, devoid of the population’s normal digital devices, resulted in lower 

achievement scores on the criterion measures. If 96% of the sample population uses the 

Internet to search for answers on their college homework, and 94% claim to use their cell 

phone and multitask on a computer at the same time, maybe the sterile research 

environment is no longer an accurate reflection of the digital native’s learning habitat. 

Procedure  

Participants signed up online for this research as a way to receive extra credit 

points. The research sessions were conducted in one of the two computer labs at Texas 

Tech University in the College of Education. Each computer lab contained twenty-five 

PC Computers. The average attendance at each research session ranged between twenty 

and twenty-five participants.  

When the participants arrived to complete the research, they were randomly 

assigned to one of twenty-five computer stations.  Each station already had the Director 
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Malta research map installed and a research condition indicated.  Thus the participants 

were randomly placed the participants in one of the six research situations.  

Once all participants had arrived and signed in, the researcher began the session 

by reading the research protocol and the requirements of the extra credit session (see 

Appendix D for Research Protocol) and (see Appendix E for Extra Credit Module 10 

Requirements). Then the researcher asked the participants if they had any questions. Next 

all participants were asked to turn on their computer monitors and read the instructions 

pertaining to their individual research condition. These instructions, approximately one 

paragraph explained to the participant how to manipulate the map and text feature 

locations. Participants were asked to study the materials carefully and to learn about the 

map and its associated facts. They all began the study simultaneously. Each participant 

studied the map and its associated facts for ten minutes. The Malta computer research 

program automatically controlled the ten-minute study period. 

All participants had a one-minute break then participants began the immediate 

criterion measures. First, they received the cued fact recall assessment. This recall 

assessment took eight minutes to complete. Then the participants were handed the map 

reconstruction assessment. This reconstruction assessment took five minutes to complete. 

Next they received the inference assessment and this paper and pencil assessment took 

eight minutes to complete. Finally, the participants completed The Digital Native Survey. 

This survey defined the parameters of the population. After the completion of the 
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demographic survey, participants signed out and were reminded to attend the second 

session two days later to complete the study.   

When the participants returned two days later, they completed the delayed 

criterion measures. The researcher again read the research protocol and asked for 

questions. Then the participants began the delayed criterion measures. Exactly as stated 

above, the participants completed the delayed cued recall, reconstruction, and inference 

measures. The researcher asked all participants to combine their papers and bring them to 

the front of the class. As each person turned in the assessment papers, he or she received 

the extra credit points for participation. Finally, the researcher thanked the participants 

for their participation. 

 

Data Analysis 

The current research was analyzed using ANOVA because of the similarity of two 

of the three criterion measures (cued recall and inference), and the consulting advice 

found in Tabachnick and Fidell (2007). According to Tabachnick and Fidell (2007); 

“investigators are frequently interested in the ANOVA that would have been produced if 

each dependent variable had been investigated in isolation” (p. 286). A MANOVA 

checklist created by Tabachnick and Fidell determined the reasons not to use MANOVA, 

with the central reasons being the significant bivariate correlations of the two dependent 

variables, cued fact recall and inference measures. After completing ANOVA 

correlations for the recall, reconstruction, and inference measures, it was determined that 
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the immediate recall (M = 38.73, SD = 17.42) and immediate inference measures (M = 

8.28, SD = 3.58) were highly correlated using Pearson’s correlation at .789. The delayed 

recall (M = 30.73, SD = 16.34) and the delayed inference (M = 8.53, SD = 3.74) were 

also highly correlated, with a Pearson’s correlation of .764 and significant. As the 

correlation number approaches one, the correlation between the two measures increases; 

therefore the Pearson’s correlation of .789, and .764 were significant (two-tailed) at p = 

.00. This significance demonstrates the similarities of the recall and inference measures 

which appear to measure the participant’s recall and transfer in a highly similar way. 

However, the reconstruction measure was not significantly correlated to either the recall 

or the inference measures. Combining the means for the correlated measures of recall and 

inference, a composite variable was created. The immediate scores (M = 45.91, 

SD = 20.36) and the delayed scores (M = 39.26, SD = 19.35) were highly correlated 

according to Pearson’s correlation of .943, and a two tailed significance of p = .00. 

Therefore separate ANOVAs were run on all of the immediate and delayed 

criterion post-test measures. Then a general linear model analysis with repeated measures 

was run to identify any significance in the within-subject variable of time delay between 

immediate and delayed testing scores. For the recall and inference measures, the 

contiguity factor had two levels of temporal contiguity: high and low.  The feature 

imageability factor had three levels of imageability: high, medium and low. However for 

the reconstruction measure, while the contiguity variable remained the same, the 

imageability factor only incorporated the medium and high levels of imageability. The 
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researcher scored the data analysis of the criterion measures by using SPSS 11.0 software 

to analyze the data. The alpha level was set at .05 
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CHAPTER IV 

 

 DATA RESULTS 

This research experiment examined the effects of fact location and feature image 

symbols on the recall and transfer of information contained in a computer-based 

geographic reference map. 

Purpose of the study 

This research study had three dimensions. First, to discover if the degree of 

imagery in a multimedia geographic map affects the ability of undergraduate students to 

recall, reconstruct and infer geographic knowledge. Second, this study examined if 

temporal contiguity assisted in promoting participant’s meaningful learning of a 

geographic reference map. Finally, this study looked for possible interactions between 

contiguity and feature imageability. 

Research Questions 

1)        How does map feature and fact contiguity effect the recall, reconstruction 

 and inference performance of college students studying a computer-based 

 geographic reference map? 

2) How does the imageability of map features effect the recall, 

 reconstruction, and inference performance of college students studying a 

 computer-based geographic reference map? 
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3) How does imageability interact with contiguity to effect the recall, 

 reconstruction, and inference performance of college students studying a 

 computer-based geographic reference map? 

Research Results 

The participants were randomly assigned to one of six research conditions. These 

conditions were formed by crossing two levels of temporal contiguity, (high and low), 

with three levels of imageability, (high, medium and low) to form a 2 X 3 factorial 

design. 

Of the 150 participants, 80 participants were randomly assigned to the high 

temporal contiguity conditions and 70 were assigned to the low temporal contiguity 

conditions. For the imageability variable, 47 participants were assigned to the low image 

map, 51 to the medium image map, and 52 to the high image map conditions (see Table 

4.1). 
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Table 4.1.  

Participant distribution statistics for the six research conditions in this study. 

 

Contiguity 

Imageability 

High  

(n = 80) 

Low  

(n = 70) 

Total 

(n = 150) 

Percent 

Totals 

     

Low 

 

25 22 47 31.33 % 

Medium 

 

27 24 51 34.00 % 

High 

 

28 24 52 34.67 % 

Totals 

 

80 70 150 100.00 % 

Percent Totals 

 

53.33% 46.66%  100% 

 

Research Hypothesis 1 

 Research hypothesis one predicted that high temporal contiguity would promote 

higher scores on recall, reconstruction and inference post-tests than low temporal 

contiguity. The findings concluded that temporal contiguity has a significant effect on 

recall and reconstruction but not on inference performance. This significance was found 3 

Cued Recall 

 Immediate cued recall.  Figure 7 portrays the means for the immediate and 

delayed recall measure. As the column totals indicate in the table below, participants in 

the high temporal contiguity conditions (M= 38.66) outperformed the participants in the 

low temporal contiguity conditions (M=30.86) (See Figure 7). Table 4.2 displays the 
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descriptive statistics for the immediate cued recall measure. The results of the 2 X 3 

ANOVA revealed that this difference was statistically significant F (1, 144) = 8.24, p = 

.005, partial η
2 

= .054. Table 4.3 contains the ANOVA summary data for the recall post 

tests. Therefore this result is consistent with the prediction that when map features and 

related map facts are temporally contiguous, learners will recall more facts than when 

features and facts are not temporally contiguous. 

Figure 7. Contiguity effect: immediate and delayed cued recall means 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Cued recall post-test scores ranged from 0 to 60. 
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Table 4.2. 

Descriptive statistics for immediate cued recall by contiguity and imageability level. 

Contiguity 

Imageability 

High Low Total 

    

Low 

             Mean 

 

SD 

 

29.44 

 

16.31 

 

29.14 

 

14.93 

 

29.30 

 

15.51 

Medium 

              Mean 

 

SD 

 

47.07 

 

14.56 

 

32.33 

 

16.46 

 

40.14 

 

17.03 

High 

             Mean 

 

SD 

 

38.79 

 

18.18 

 

30.96 

 

16.29 

 

35.17 

 

17.61 

Total 

              Mean 

 

               SD 

 

38.66 

 

17.74 

 

30.86 

 

15.76 

 

35.02 

 

17.24 
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Table 4.3 ANOVA summary table for immediate and delayed recall post-tests. 

 

 

 

Source df MS F p 

 Between subjects 

Contiguity 1 4751.48 9.97 .02* 

Imageability 2 2014.78 4.23 .12  

Contiguity by Imageability 2 1025.81 2.15 .12  

Error 144 476.69   

Source df MS F p 

 Within subjects 

Time delay 1 2799.28 134.98 .00* 

Time delay by Contiguity 1 9.71 .468 .50 

Time delay by Imageability 2 45.11 2.18 .12 

Time delay Contiguity by 

Imageability 

2 25.89 1.25 .29 

Error 144 20.74   
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Delayed cued recall. Table 4.4 displays the descriptive statistics for the delayed 

cued recall measure. As the column totals demonstrate in the Figure 7, participants in the 

high temporal contiguity conditions (M= 32.81) outperformed the participants in the low 

temporal contiguity conditions (M=24.36). The results of the 2 X 3 ANOVA revealed 

that this difference was statistically significant F (1, 144) = 11.06, p = .001, partial η
2 

= 

.071. Table 4.3 shows the ANOVA summary data. This result is consistent with the 

research hypothesis, which stated that map features with high temporal contiguity to map 

facts will increase participant recall assessment scores in relationship to geographic 

computer-based maps. 
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Table 4.4 

 

Descriptive statistics for the delayed cued recall by contiguity and imageability level. 

 

 

Contiguity 

Imageability 

 

High 

 

Low 

 

Total 

    

Low 

Mean 

 

SD 

 

26.36 

 

15.99 

 

23.00 

 

14.26 

 

24.79 

 

15.14 

Medium 

Mean 

 

SD 

 

39.81 

 

14.56 

 

25.08 

 

16.10 

 

32.88 

 

16.87 

High 

Mean 

 

SD 

 

31.82 

 

16.79 

 

24.88 

 

13.68 

 

28.32 

 

15.68 

Total 

Mean 

 

SD 

 

32.81 

 

16.56 

 

24.36 

 

14.54 

 

28.87 

 

16.16 
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Map Reconstruction Assessment 

 Immediate map reconstruction. The immediate map reconstruction descriptive 

statistics are displayed below in Table 4.5. As the statistics reveal the participants in the 

high temporal contiguity conditions (M= 20.89) significantly outperformed the 

participants in the low temporal contiguity condition (M= 12.67) (See Figure 8). The 

results of the 2 X 2 ANOVA displayed that this difference was statistically significant 

with F (1, 144) = 37.02, p = .000, partial η
2
 = .205. Table 4.6 displayed the ANOVA 

summary data. This result is consistent with the hypothesis that map features with high 

temporal contiguity to map facts will increase participant map reconstruction scores in 

relationship to geographic computer-based maps. 

Figure 8. Contiguity effect: immediate and delayed reconstruction means. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Reconstruction post-test score ranged from 0 to 48.  
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Table 4.5 

 

Descriptive statistics for immediate map reconstruction for contiguity and imageability. 

 

 

 Contiguity 

 

 

 

Imageability 

High Low Total 

    

Medium 

Mean 

 

SD 

 

21.52 

 

10.49 

 

16.81 

 

10.31 

 

19.17 

 

10.40 

High 

Mean 

 

SD 

 

23.82 

 

7.52 

 

19.09 

 

4.71 

 

21.46 

 

6.11 

Total 

Mean 

 

SD 

 

20.89 

 

9.87 

 

12.67 

 

10.45 

 

16.78 

 

10.16 
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Table 4.6 ANOVA Summary Table for immediate and delayed reconstruction scores 

 

 

Source df MS F p 

 Between subjects 

Contiguity 1 1111.89 9.77 .00 

Imageability 1 121.60 1.07 .30  

Contiguity by Imageability 1 9.14 .08 .78  

Error 99 113.77   

Source df MS F p 

 Within subjects 

Time Delay 1 30.61 1.50 .22 

Time Delay  by Contiguity 1 .19 .01 .92 

Time Delay  by Imageability 1 2.99 1.44 .24 

Time Delay  Contiguity by 

Imageability 

1 9.66 .47 .49 

Error 99 20.41   
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Delayed map reconstruction. The delayed map reconstruction descriptive 

statistics are displayed below in Table 4.7. The statistics display how the participants in 

the high temporal contiguity conditions (M= 19.95) outperformed the participants in the 

low temporal contiguity condition (M= 12.63) (See Figure 8). The results of the 2 X 2 

ANOVA showed that this difference was statistically significant with F (1, 144) = 35.00, 

p = .000, partial η
2
 = .196. Table 4.6 shows the ANOVA summary data. This result is 

agreeable with the hypothesis that map features connected with high temporal contiguity 

to map facts will increase participant map reconstruction scores in relationship to 

geographic computer-based maps. The change in scores from immediate to delayed 

testing for the reconstruction measure showed little mean difference. The high temporal 

contiguity level decrease only .94 from the mean of immediate to delayed testing results. 

The difference from immediate to delayed testing for the low temporal contiguity mean 

was only .04.   
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Table 4.7 

 

Descriptive statistics for the delayed map reconstruction for contiguity by imageability 

 

 Contiguity  

 

Imageability 

High  Low  Total 

    

Medium 

Mean 

 

SD 

 

21.87 

 

9.76 

 

16.42 

 

8.35 

 

19.14 

 

9.05 

High 

Mean 

 

SD 

 

21.80 

 

5.90 

 

18.06 

 

6.34 

 

19.93 

 

6.12 

Total 

Mean 

 

SD 

 

19.95 

 

8.97 

 

12.63 

 

9.42 

 

16.29 

 

9.19 

 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  74 

Inference Assessment 

 Immediate inference. An examination of the means shows that participants in the 

high temporal contiguity conditions (M= 8.41) outscored the participants in the low 

temporal contiguity conditions (M= 7.50) (See Figure 9). The results of the 2 X 3 

ANOVA displayed that this difference for contiguity was not significant with F (1, 144) 

= 2.42, p = .122, partial η
2
 = .017. This result does not support the hypothesis that map 

features with high temporal contiguity to map facts will increase participant’s inference 

scores in relationship to geographic computer-based maps. The two-way ANOVA for 

immediate inference measure for a contiguity effect was not significant F (2, 144) = 1.22, 

p= .297, partial η
2 

= .017. The immediate inference assessment means and standard 

deviations are reported in Table 4.8 and the ANOVA summary data is reported in Table 

4.9. The difference in the means from the immediate inference testing to the delayed 

testing is quite small. The mean difference from immediate to delayed testing for the high 

temporal contiguity variable is only .02. The mean difference for the low temporal 

contiguity variable actually increased from immediate to delayed testing with a mean 

difference of +.23.   
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Figure 9. Contiguity effect: immediate and delayed inference means 

 

 

 

 

 

 

 

 

 

 

Figure 9. Inference post-test score ranged from 0 to 16. 

0

1

2

3

4

5

6

7

8

9

10

Immediate

Inference

Delayed

Inference

High Temporal
Contiguity

Low Temporal
Contiguity

8.41 

7.50 

8.39 

7.73 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  76 

 

 

Table 4.8 

 

Descriptive statistics for immediate inference contrasting contiguity and imageability 

 

           Contiguity  

Imageability 

High  Low  Total 

    

Low 

Mean 

 

SD 

 

7.36 

 

3.46 

 

7.32 

 

3.26 

 

7.34 

 

3.36 

Medium 

Mean 

 

SD 

 

9.37 

 

3.73 

 

7.50 

 

3.15 

 

8.44 

 

3.44 

High 

Mean 

 

SD 

 

8.43 

 

3.26 

 

7.67 

 

4.03 

 

8.05 

 

3.64 

Total 

Mean 

 

SD 

 

8.41 

 

3.54 

 

7.50 

 

3.46 

 

7.96 

 

3.50 
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Table 4.9 ANOVA Summary Table for immediate and delayed inference scores  

 

Source df MS F p 

 Between subjects 

Contiguity 1 43.78 1.84 .18 

Imageability 2 51.42 2.16 .12  

Contiguity by Imageability 2 24.34 1.02 .36  

Error 144 23.84   

Source df MS F p 

 Within subjects 

Time Delay 1 .652 .31 .58 

Time Delay by Contiguity 1 1.16 .56 .46 

Time Delay by Imageability 2 2.99 1.44 .24 

Time Delay by Contiguity by 

Imageability 

2 .40 .19 .83 

Error 144 2.08   
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Delayed inference. The delayed inference assessment descriptive statistics are 

displayed below in Table 4.10. As the statistics portray the participants in the high 

temporal contiguity conditions (M= 8.39) connected more inferential questions to map 

locations than the participants in the low temporal contiguity condition (M= 7.73). The 

results of the 2 X 3 ANOVA displayed that this difference for contiguity was not 

significant F (1, 144) = 1.12, p = .292, partial η
2 

= .008. Table 4.9 above displays the 

ANOVA summary data. This result is not significant and does not align with the 

hypothesis that map features connected with high temporal contiguity to map facts will 

increase participant’s inference scores in relationship to geographic computer-based 

maps. 
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Table 4.10 

Descriptive statistics for delayed inference assessment for contiguity and imageability 

 

     Contiguity  

Imageability 

High  Low  Total 

    

Low 

Mean 

 

SD 

 

7.00 

 

4.06 

 

7.18 

 

3.16 

 

7.09 

 

3.61 

Medium 

Mean 

 

SD 

 

9.81 

 

4.06 

 

7.96 

 

3.07 

 

8.89 

 

3.56 

High 

Mean 

 

SD 

 

8.25 

 

3.34 

 

8.00 

 

4.27 

 

8.12 

 

3.81 

Total 

Mean 

 

SD 

 

8.39 

 

3.94 

 

7.73 

 

3.52 

 

8.06 

 

3.73 
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Research Hypothesis 2 

 Research hypothesis two predicted a main effect for feature imageability by 

stating that high feature imageability will promote higher scores on participant recall, 

reconstruction and inference assessment scores than low imageability. 

Cued recall assessment 

 Immediate cued recall. The two-way ANOVA for immediate recall yielded 

significance on the feature imageability variable, F (2, 144) = 5.03, p = .008, η
2
= .065.  

Fisher LSD post hoc tests revealed that the participants in the medium imageability 

conditions (M= 40.14) recalled more feature- related facts than those in the low-

imageability conditions (M= 29.30) (see Figure 10 & Table 4.2). This result is consistent 

with the prediction that as feature imageability increases participant’s retention will 

increase. The participant’s demonstrated this with increased scores on the cued recall 

assessment.   
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Figure 10. Imageability effect: immediate and delayed recall means. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Recall post-test score ranged from 0 to 48. 

 Delayed cued recall. The two-way ANOVA for delayed recall also yielded 

significance on the feature imageability variable, F (2, 144) = 3.14, p = .046, η
2
 = .042.  

Fisher LSD post hoc tests revealed that the participants in the medium imageability 

conditions (M= 32.88) recalled more feature- related facts than those in the low-

imageability conditions (M= 24.79) (see Table 4.4 & See Figure 10). This result is 

consistent with the prediction that as feature imageability increases so will student’s 

recall. The mean recall difference between the immediately and delayed testing was 7.26. 
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The low imageability variable for recall had a mean difference from immediate to 

delayed testing of 4.51 

Map Reconstruction Assessment 

 Immediate reconstruction. The ANOVA for immediate map reconstruction 

displayed no significance for the feature imageability variable. F (2,144) = 1.81, p=.18, 

η
2
 =.02. The participants in the high imageability map conditions (M= 21.46) 

reconstructed slightly more feature-locations than those participants in the medium 

imageability map (M= 19.17) (see Table 4.5 & See Figure 11). The participants identified 

more feature labels in the high temporal contiguity and high imageable conditions than in 

all the other conditions. This result was not consistent with the hypothesis that high 

feature imageability would promote higher scores on map reconstruction. 
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Figure 11. Imageability effect: immediate and delayed reconstruction means. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Reconstruction post-test scores ranged from 0 to 48. 

 

Delayed reconstruction. The ANOVA for delayed map reconstruction displayed no 

significance for the feature imageability variable (See Table 4.7). The mean differences 

from immediate to delayed reconstruction were very small. The high imageability 

condition had a mean difference of 2.29 from immediate to delayed testing. The medium 

imageable condition has a smaller mean difference of only .03 from immediate to delayed 

testing. F (2,144) = .27, p=.61, η
2
 = .00. This result is not consistent with the prediction 

that high feature imageability will promote higher scores on participant reconstruction 

assessment in relationship to geographic computer-based maps (See Figure 11).   
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Inference Assessment 

 Immediate inference. The ANOVA for immediate inference demonstrated no 

significance for the feature imageability variable (See Figure 11). F (2,144) = 1.22, 

p=.30, η
2
 =.02. This lack of a main effect for imageability did not support the predicted 

hypothesis of using high feature imageability to promote higher scores on participant 

inference assessment scores in relationship to geographic computer-based maps (See 

Table 4.8). 

Figure 12. Imageability effect: immediate and delayed inference means. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Inference post-test scores ranged from 0 to 16. 
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delayed testing. The mean difference for high imageability was an increase of .07 from 

immediate to delayed testing. The medium imageability participants showed an increase 

of .45 from immediate to delayed testing. The low imageability participants showed a 

mean difference of .25 from immediate to delayed testing. The ANOVA for delayed 

inference displayed no significance for the feature imageability variable. F (2,144) = 

2.88, p.06, η
2
 = .038. It is interesting to note that the delayed inference measure was 

approaching significance for imageability. These results did not align with the stated 

hypothesis that high feature imageability will promote higher scores on participant 

inference assessment scores in relationship to geographic computer-based maps. 

 The second hypothesis proposed that high imageable features would increase 

post-test scores over low imageable features. The assessment results for an imageability 

effect noted significance for medium imageability over low imageability on the cued 

recall assessment. This significance was observed for both immediate and delayed testing 

for the cued recall. However this significance was not noted on the reconstruction and 

inference measures. 

Research Hypothesis 3 

Research hypothesis three predicted an interaction between temporal contiguity 

and feature imageability for recall, reconstruction and inference post test scores. No 

significant interaction effect was observed. Possible reasons for this lack of an interaction 

can be explained by Sweller’s Cognitive Load Theory. Possible learning from a simple 

map with high levels of images was not beneficial to participants attempting to recall, 
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reconstruct and infer simple features. Or it is possible that icon images mimicking their 

feature counterparts did not reduce cognitive load enough to be significantly recognized 

on the post-tests (Sweller & Chandler, 1994). 

Cued Recall Assessment 

Immediate cued recall: Table 4.2 displays the descriptive statistics for the 

immediate cued recall measure. No significant interaction was noted. This does not 

follow the hypothesis that stated that there would be an interaction between temporal 

contiguity and feature imageability for participant recall assessment scores in relationship 

to geographic computer-based maps (See Figure 13). 

Figure 13. Immediate cued recall means by levels of temporal contiguity and 

imageability. 
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Delayed cued recall. Table 4.4 shows that the descriptive statistics for the delayed 

cued recall measure. The delayed recall measure noted no significant interaction F 

(2,144) = 1.78, p =.17, η
2
 = .024 (See Figure 14). This does not uphold the hypothesis 

that there would be an interaction between temporal contiguity and feature imageability 

for participant recall assessment scores in relationship to geographic computer-based 

maps. 

 

Figure 14. Delayed cued recall means by levels of temporal contiguity and imageability. 
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Map Reconstruction Assessment 

 Immediate reconstruction. The final hypothesis stated that there would be an 

interaction between temporal contiguity and feature imageability for participant 

reconstruction assessment scores in relationship to geographic computer-based maps. 

This proved not to be the case for the immediate reconstruction (See Figure 15). 

Figure 15. Immediate reconstruction means by levels of contiguity and imageability. 

 

Delayed reconstruction. The delayed reconstruction measure did not support a 

significant interaction. Therefore the hypothesis was not supported for an interaction 

between temporal contiguity and feature imageability for participant reconstruction 

assessment scores in relationship to geographic computer-based maps (See Figure 16). 
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Figure 16. Delayed reconstruction means by levels of contiguity and imageability 

 

Inference Assessment 

Immediate inference: The interaction effect was not significant for the immediate 

inference measure and therefore did not support the hypothesis of an interaction between 

temporal contiguity and feature imageability for participant inference assessment scores 

in relationship to geographic computer-based maps F (2,144) = .85, p = .43, η
2
 = .012 

(See Figure 17). 
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Figure 17. Immediate inference by levels of contiguity and imageability. 

 

 Delayed inference. No significant interaction was noted for the delayed inference 

measure. F (2, 144) = 1.05, p = .35, η
2
 = .014. The hypothesis was not support for an 

interaction between temporal contiguity and feature imageability for participant inference 

assessment scores in relationship to geographic computer-based maps (See Figure 18). 
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Figure 18. Delayed inference by levels of contiguity and imageability. 

 
 

 

 

Summary 

 The current research data analysis was completed using the statistical software 

SPSS 13. This data analysis demonstrated the robustness of the Temporal Contiguity 

Principle when applied to learning from a geographic computer-based reference map. In 

the previous section, data analysis supported the superior recall of participants who 

studied the map environment under conditions of high temporal contiguity. Students 

studying the map in the high temporal contiguity conditions recalled more feature facts 

and correctly placed more feature-locations than participants in low temporal contiguous 
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conditions. However, with the introduction of a highly imageable map, it was 

hypothesized that participants would score higher on all assessments. This proved not to 

be the case for the inference measures.  



Texas Tech University, Daphne L. Lewis, August 2007 

 

  93 

CHAPTER V 

DISCUSSION 

 

 The purpose of this research study was to identify the effects of temporal 

contiguity and imageability in learning from a computer-based reference map. The 

research questions, focused on whether temporal contiguity and feature imageability 

effect performance on recall, reconstruction, and inference assessments while learning 

from a computer-based reference map. This final chapter contains a discussion of the 

research results as well as comments on opportunities for further research. 

Research question 1 

 How does map feature and fact contiguity effect the recall, reconstruction, and 

inference performance of college students studying a computer-based geographic 

reference map? 

 It was proposed that map feature and fact contiguity would promote learning 

performance from a computer-based reference map. Analysis of the data supported the 

hypothesis that the level of temporal contiguity does facilitate learning from a computer-

based reference map. Participants who studied the map in the high temporal contiguity 

conditions recalled more map-related facts and more accurately reconstructed the map 

than did the participants in the low temporal contiguity conditions. This difference was 
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observed in both immediate and delayed testing. These results reflect the research 

findings of Mayer’s Temporal Contiguity Principle. 

Mayer (2001) defined temporal contiguity as follows: 

Students learn better when corresponding words and pictures are presented 

simultaneously rather than successively. When corresponding portions of 

narration and animation are presented at the same time, the learner is more likely 

to be able to hold mental representations of both in working memory at the same 

time, and thus the learner is more likely to be able to build mental connections 

between verbal and visual representations. (p. 96) 

 Mayer uses Paivio’s Dual Coding Theory (Clark & Paivio, 1991; Paivio, 1986), 

and Sweller’s Cognitive Load Theory (Chandler & Sweller, 1991; Sweller, 1999) as the 

theoretical framework for the Temporal Contiguity Principle. Paivio’s Dual Coding 

Theory states that the brain has two caches of memory, one cache for verbal information 

(e.g., text) and another cache for non-verbal information (e.g., map). In addition when 

these two caches interconnect, they produce referential connections between the verbal 

and the non-verbal information (Paivio. 1986). When verbal and visual information are 

presented together during multimedia instruction, the student’s ability to retain and 

transfer information should be strengthened. 

 The current research results extend Mayer’s findings to learning from a 

geographic reference map and associated text. In this research, participants studying facts 
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temporally close to map features outperformed those studying facts temporally distant 

from map features. Apparently, when participants study a map and text under the 

conditions of temporal contiguity, they develop stronger referential connections between 

map features and text facts than when they study under less contiguous conditions. 

 Sweller and Chandler researched contiguity in the development of their Cognitive 

Load Theory (Sweller, Chandler 1994). Cognitive Load Theory is concerned with the 

amount of information that can be processed cognitively within short-term memory at a 

given time. According to Sweller’s theory, feature images linked temporally close to 

related facts should facilitate learning only when intrinsic load is sufficiently high so as to 

overload working memory resources. When intrinsic load is low, any attempt to reduce 

extrinsic load (e.g., contiguity) should be redundant and ineffective in promoting recall 

and transfer (Sweller & Chandler, 1994). Sweller and Chandler would propose that the 

low intrinsic load inherent in a simple geographic reference map should not require the 

kind of reduction of extraneous cognitive load that contiguity provides. Interestingly and 

contrary to predictions based on Cognitive Load Theory, participant performance on both 

the cued recall and the map reconstruction measures showed statistical significance in 

high temporal contiguity conditions but not in low temporal contiguity. This significance 

was also maintained for the recall and reconstruction measures after a two-day delay. 

In past studies, where contiguity did not produce significant results, research 

studies used less visually imageable materials than did the current research.  For example, 

the past materials displayed chemical diagrams (Carlson, Chandler & Sweller., 2003; 
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Srinivasan & Crooks., 2006) electric schematics (Sweller & Chandler, 1994) and 

application software screens (Chandler & Sweller, 1996; Sweller & Chandler, 1994). 

These past studies used visual materials that did not have the robust feature names 

capable of producing memory images that the feature labels in the current map 

experiment had. Cognitive Load Theory does not appear to take into account the potential 

for imagery to facilitate learning even when working memory resources are not strained, 

as in the current study. 

 In summary, with respect to contiguity it was proposed that map feature and fact 

contiguity should facilitate learning of information from a computer-based reference 

map. Analysis of the data supports the hypothesis that the higher level of temporal 

contiguity does significantly promote fact recall and feature reconstruction from a 

computer-based reference map. Participants who study a map temporally close to feature 

facts developed stronger referential connections between the map’s labels and the feature 

facts than those who studied in temporally distant conditions.   

Research question 2 

 How does the imageability of map features effect the recall, reconstruction, and 

inference performance of college students studying a computer-based geographic 

reference map? 

 The analysis of this research data showed no significance for high feature 

imageability on all post-test measures (cued recall, map reconstruction, or inference).  
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During both the immediate and delayed reconstruction measures, participants in the high 

imageability conditions slightly-out scored those in the medium imageability conditions, 

but no significance was shown. In the inference measure, medium imageability slightly 

outscored both high and low imageability, but again no significance was shown.  On the 

cued recall measure, high imageability was again not significant. However, medium 

imageability did show a significant mean difference (MD=10.84) over low imageability 

on the recall measure. This significance was maintained after a two-day-delay on testing 

for recall as well.  

 One possible reason for this lack of significance in high imageability conditions 

could be explained by Sweller and Chandler’s Cognitive Load Theory. Cognitive Load 

Theory is concerned with the amount of information that can be processed cognitively 

within short-term memory at a given time. According to Sweller’s theory, feature images 

linked temporally close to related feature facts should facilitate learning only when 

intrinsic load is sufficiently high. When intrinsic load is low, any attempts to reduce 

extrinsic load by adding imageability could be superfluous in promoting recall and 

transfer (Sweller & Chandler, 1994).  Possibly, the low intrinsic load inherent in a simple 

geographic reference map does not benefit from the kind of reduction of extraneous 

cognitive load that feature imageability was hypothesized to provide. 

 Another possible reason for lack of significance when using high levels of 

imageability might be inherent to the research itself.  In past geographic research map 

studies performed by Crooks and his colleagues, significance was obtained on post-tests 
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when the map feature items numbered more than the sixteen features in this research 

study (Crooks, in press). Crooks and his colleagues discovered that with a minimum of 

twenty map features, significance for contiguity was maintained for all three criterion 

measures (recall, reconstruction, and inference) (Crooks, in press). It is possible that 

future research might be more forthcoming with significant results, if the map features 

were increased to at least twenty features. 

 Data analysis also showed that feature imageability did not significantly increase 

performance on the reconstruction or the inference measures. One reason might be 

related to Mayer’s Redundancy Effect. Mayer (2001) defined the Redundancy Effect as 

follows: “students learn better from animation and narration, than from animation, 

narration and text. When pictures and words are both presented visually (i.e., as 

animation and text), the visual channel can become overloaded.” (p.147). It seems 

plausible that adding the feature images to the research map with feature markers and 

feature names has produced a Redundancy Effect. 

   In the medium imageable map, participants viewed a map with a feature marker 

and a feature name.  This combination promoted the significant levels of performance on 

the recall measure.  This significance was noted on the two-day-delayed measure as well. 

In the high imageable map, participants studied a map with a feature marker, a feature 

name and a feature icon. Possibly, the addition of the feature icon produced a redundancy 

with the combined feature name. This addition of a feature icon might have resulted in 
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too much feature information perhaps hampering participant learning, an example of 

Mayer’s Redundancy Effect.  

 Mayer’s Redundancy Effect for multimedia relates to using verbal (e.g., text) and 

non-verbal (e.g., images) information. When verbal and non-verbal information are 

presented on the same screen, learning is facilitated when the verbal information is 

presented in spoken form (i.e., narration) rather than in printed form (i.e., text). Learning 

appears to be damaged when an on-screen image is combined with on-screen text 

(Mayer, 2001).  Possibly, the feature icon in the current research which mimicked the on-

screen text (e.g., feature name) produced a Redundancy Effect and hindered learner 

performance on the inference measure. 

 In summary, regarding imageability it was proposed that high feature imageability 

would facilitate the learning of information from a computer-based reference map. 

Unexpected was that the medium imageable factor showed significance over low 

imageability for the cued recall post-test. This significance was maintained after a two-

day-delay. However, the data analysis from the current research displayed no significance 

for high imageability on any of the three post-test measures. 

Research question 3 

 How does imageability interact with contiguity to effect the recall, reconstruction, 

and inference performance of college students studying a computer-based geographic 

reference map? 
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 Research question three focused on the hypothesis which predicted an interaction 

between temporal contiguity and feature imageability with reference to the participant 

outcome scores on cued recall, map reconstruction, and inference performance.  Feature 

imageability had three levels in this research study - high, medium, and low - while 

temporal contiguity had two levels - high and low. 

 It was hypothesized that learner performance would differ across the two levels of 

temporal contiguity.  More specifically, an increase in learning from low to high temporal 

contiguity was predicted for those studying in the high imageability conditions.  As 

imageability of the map increased, the post-test scores would increase.  However, this 

increase in learning was not expected for those studying in low imageability conditions. 

The low imageable map conditions would score about the same whether the map features 

were low or high in temporal contiguous to the feature facts. There was no significant 

interaction. 

 The original prediction of an interaction between temporal contiguity and feature 

imageability was based on Paivio’s Dual Coding Theory and expanded by Mayer’s 

Contiguity Principle.  For example, when participants read the feature location Tower 

they stimulated the verbal (e.g., text) cache of memory.  When the participants also 

visualized the Tower feature icon, they stimulated the non-verbal (e.g., graphic) cache of 

memory. Dual Coding Theory says that referential connections are created in memory 

when both the verbal and non-verbal caches can stimulate each other (Paivio, 1986, 

1991). This referential connection should be activated when the participant retrieves from 
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stored memory the word Tower, which sparks the memory of the picture Tower, or vice-

versa.  One cache of memory can referentially connect and bring to the front another 

cache of memory (Mayer & Anderson, 1991, 1992). Therefore, learning from a 

computer-based map with feature names mimicked by feature icons should increase 

participants’ recall and transfer performance pertaining to related facts. 

 One reason for the lack of significance concerning an interaction with contiguity 

and imageability might be a result of motivation.  Participants who signed up to take part 

in the current research study did so as an extra credit opportunity in an introductory 

computer college course.  Students realized that they needed only to attend and stay on 

task to receive their extra-credit points. Not having a grade tied to their participation in 

the extra-credit module could have led to a lack of drive or lack of motivation to study 

the materials diligently and to succeed on the research post-tests (Trioa, G.A., 1999). 

  Another factor that could have related to a lack of significance concerning an 

interaction was the sample population. As demonstrated in Chapter 3, those in the current 

college sample population consider themselves digital natives. According to Marc 

Prensky (2001a), “our students have changed radically, and today’s students are no 

longer the people our educational system was designed to teach.” (p.1). If today’s 

students are no longer benefiting from an outdated education system as Prensky suggests, 

maybe the present day research environment is no longer designed to accurately study 

this population’s learning habits (Prensky, 2005).  Using the statistics gathered during 

The Digital Native Survey, the researcher can define the current sample population. The 
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sample population was a group of college students who rely on their technology; 97.33% 

own their own computer.  When asked about cell phone and MP3 player usage, 100% 

stated that they owned their own cell phone and 81.33% own MP3 players. When 

questioned about computer usage, 92.67% claimed to use more than one item on their 

computer at a time, such as e-mail and Word, or Messenger and Power Point or Blog and 

research, while 54.67% use their cell phone, MP3 player, and computer at the same time 

they complete their college assignments.  Digital devices such as cell phones are getting 

smaller and more powerful every day, and digital natives are finding new ways to learn 

from these technology devices every day: “if educators are smart, we will figure out how 

to deliver our product in a way that fits into our student’s digital lives…. Instead of 

wasting our energy fighting their preferred delivery system, we will be working to ensure 

that our students extract maximum understanding and benefit from the vast amounts” of 

technology based learning available (Prensky, 2005 p.6). Thus 70% of the current 

research population considered themselves to be inbred digital natives, and therefore 

future educational researchers need to be aware of the learning styles of their digital 

native participants. It is possible that this digitally-defined population felt unnatural 

during their participation in the current research because there were no cell phones, no 

digitally enhanced music, and no additional open desktop windows for e-mailing, 

blogging, gaming and messaging. Possibly the research group was not only suffering 

from a lack of motivation, but from a lack of comfort, a comfort provided from their 

normal digital habitat.   
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 In summary, post-test measures showed no significant mean increases from low to 

high temporal contiguity in high imageable conditions. This outcome was not predicted. 

It was predicted that high imageability along with high temporal contiguity would 

promote more referential connections and would result in participants’ higher 

performance on the post-tests. It is possible that this lack of significance is due to the 

simple nature of the research map. In line with research from Sweller, high imageability 

did not show benefits with the lower cognitive load of a map with simplistic features.  In 

other words, a map with fewer than twenty features does not need imageability to 

promote recall and transfer.  The extrinsic cognitive load is already minimal and the 

adding of icon images has no significant result in reducing this load (Sweller & Chandler, 

1994). Possibly the feature icons did not facilitate referential because the number of 

features on the map was minimal.     

Limitations 

 Three limitations of the current research study should be noted. The first 

limitation was the sample population of college students. This specific population makes 

this study a reflection of multimedia map learning for the college environment only. 

Second, in the research learning environment, the study period of the map materials was 

relatively short: exactly ten minutes.  This short study period followed the theoretical 

framework of Dr. Richard Mayer’s research studies.  Mayer, who’s Temporal Contiguity 

Principle, laid the groundwork for this current research, himself uses very short periods 

of study time in his research materials.  For example, Mayer is known in the field of 
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instructional technology for his research with a multimedia study concerning lightning 

experiments.  These research animations clips lasted just up to eight-second intervals and 

were all administered in one research setting (Mayer, 2001). Mayer’s multimedia 

research sessions set a precedent for the design and implementation of the current 

computer-based research study and its length. However, this study implies learning from 

computer-based map in which the materials are studied for a ten minute period. The third 

possible limitation was the static map itself.  The current research map had a minimal 

number of map features and these sixteen features were non-animated.  

Recommendations for Future Research 

 For example, possible future map research might address the three previously 

listed research limitations: one, the college sample population; two, the research materials 

study time or three, the static multimedia map. First, taking the current study and 

implementing the map materials for a K – 12 population should demonstrate the benefits 

of this research for a different population. Or taking the current study and offering the 

research in an online distance atmosphere, would allow the current digital native 

population to complete the study in their naturally digitally enhanced habitats. Second, a 

future researcher might take the current study and add additional features or lengthen the 

feature fact materials. These additions would lengthen the current material study time and 

increase the cognitive load of the map. Third, a future avenue of research could enhance 

the current static map.  These enhancements could use the current technologies available 

to create a more sophisticated map, (e.g., Google maps) with higher power graphics, and 
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zoom capabilities. The research ideas if implemented might provide additional 

information towards promoting meaningful learning with multimedia maps. 

Using Contiguity and Imageability Across the Curriculum 

 After completing a research study of this magnitude, the teacher inside the 

researcher asks what practical application computer-based instruction using contiguity 

and imageability research has for the everyday classroom.  Can the significant findings 

from the current research be applied in the K-12 classroom?  Although all generalizations 

of research must be stated with caution, the answer is yes: contiguity and imageability 

can have a positive influence on learning in a computer-based instructional setting.  Not 

only can instructional design of contiguity and imageability be applied into the 

classroom, it is already available on the Internet in numerous locations. Computers offer 

many paths for learning. According to Stahl, (2005) a major avenue of supporting 

learning is the Internet’s ability to create collaborative knowledge networks. Students 

from around the world have been working together at Drexel University’s The Math 

Forum, a place where learners and instructors can collaborate and solve problems through 

the tools of multimedia. At Drexel, math instructional lessons and problems integrate the 

benefits of contiguity and the strength of images right on screen (See The Math Forum 

http://mathforum.org). Another example of instruction with contiguity and imageability 

for math was created using Flash (Macromedia software), by Texas A & M University 

professor, G.W. Allen (2004). Allen has created instructional demonstrations for learning 

about statistics and physics. These highly imageable interactive lessons incorporate an 
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animated picture with contiguously connected textual content support. This site is found 

inside the Math Forum website (See http://www.math.tamu.edu/~dallen/flash-demo/).  

The Math Forum is one of numerous educational websites that have integrated 

technology with contiguity and imageability to create a dynamic learning environment.  

So the original question of practical application is yes, we as educators and instructional 

designers can incorporate the current research into our multimedia learning materials and 

expect positive outcomes. 

Conclusion 

In conclusion, the current research study provides significant data for instructional 

multimedia designers to consider using temporal contiguity when creating geographic 

computer-based maps. This study produced a significant effect for high temporal 

contiguity promoting recall on both an immediate and a two-day delay measure. Medium 

feature imageability was also significant in the cued recall measure for the immediate and 

delayed measures. From a theoretical standpoint, the current research has supported 

Paivio’s Dual Coding Theory and Mayer’s Temporal Contiguity Principle with a map in 

which feature names were located contiguous to feature facts. Future development of 

geographic learning materials should consider the advantages of designing map features 

located temporally close to feature facts, as a way to promote meaningful learning. 
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Password #__________                                                                    Condition __________ 

 

       Malta Cued Fact Recall Assessment 

 

You have 8 minutes to write down all the facts from the locations on the map of Malta.  

Please use the entire 8 minutes to complete the assessment.   

 

 

 

1. Ticket- 

 

2. Arrow- 

 

3. Pipe- 

 

4. Cord- 

 

5. Foot- 

 

6. Tower- 

 

7. Dove- 

 

8. Fish- 

 

9. Trumpet- 

 

10. Apple- 

 

11. Fox- 

 

12. Trees- 

 

13. Nails- 

 

14. Chest- 

 

15. Gun- 

 

16. Grapes- 
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Appendix B 

                    

Map Reconstruction Assessment 
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             Inference Assessment 
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Password #__________                                                                    Condition __________ 

 

       Malta Inference Assessment 

 

You have 8 minutes to write down all the locations to the questions below.  Some 

questions will have more that one correct answer.  Please use the entire 8 minutes to 

complete the assessment.   

 

 

1. Serenity is gathering research on the religious life and history of Malta.  Which 

place or placed should Serenity visit on Malta to assist with her research? 

 

 

 

2. Jonathan, an artist, is interesting in learning about how other cultures practice 

various art forms.  What place or places in Malta might Jonathan want to visit to 

learn more about various art forms? 

 

 

 

3.    Quincy is a horticulturalist who is fascinated by all kinds of plant life.  Where on  

       Malta should Quincy visit to research plant life? 

 

 

   

      4.   Robert has a few hours before lunch and would like to take some pictures with                 

              his new digital camera.  Where on the island of Malta should Robert go to take               

              pictures? 

 

 

5. Henry would like to take his family out for some fine dining on their last night  

         on the Island.  Where should he take his family? 

 

 

 

6.    Tamara’s twelve year old son, Spencer collects miniature models of military   

          ships.  Where should Tamara take Spencer to visit on Malta? 
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7.    William would like to see a spectacular fireworks show.  Where should William                  

         go view the fireworks?  

 

 

 

8. Stephanie is a history buff and is fascinated by war heroes.  Where would    

Stephanie enjoy visiting on the island of Malta? 

 

 

 

9.       Professor White took his graduate class to Malta to study the historical artifacts   

          of the island.  Where did Professor White take his class? 

 

 

 

10.     Julie is an archeologist who would like to visit some interesting places on  

          Malta.  Where would you suggest that Julie visit? 

 

 

 

11.     Richard wants to teach his son Baiji about geology.  Where should Richard take  

          his son? 
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Protocol for Malta Research Project 

 

Preparation:  One-hour prior to study, create a Module 10 research folder and install 

Director Malta Research Project into public server for computer labs.  Also install the 

link to the online demographic survey.  Next open each computer with your 

individual E-raider account.  Forty-five minutes prior to study copy and paste Module 

10 folder onto the desktop of all 25 computers.  Research must open the Director 

project on each individual computer screen and turn off the monitor.  Place colored 

index cards with research conditions on each computer desk.  Organize paper 

assessments at front of classroom.  Have a student sign-in sheet ready. 

 

Ten minutes before the start of the study allow students to entire the computer lab.  

Alternate students into the lab sections, left and right.  Ask students not to use the 

computers at this time, because they are set up for the research project. Ask 

participants to store all their belongings, except a pen or pencil underneath their 

computer desk.  Ask all students to turn off cell phones and music players.   

 

 

Welcome the participants to the EDIT 2318 Module 10. 

 

Hello and welcome.  Today you will be participating in a research project, which will 

earn you extra credit for EDIT 2318.  This research project will take two visits to this 

computer lab. Each visit will take approximately forty-five minutes.  Once you have 

completed your participation in both sessions of this research project you will receive 

on module extra credit.  This extra credit module can replace any module between 

Modules 1 and Module 8 of the EDIT 2318.  This extra credit module cannot replace 

Module 9 credit.   

 

The researcher conducting this research project is interesting in learning how students 

learn while studying a map in a computerized environment.  Because the purposes of 

this research project are directly related to how you actively participate, there are a 

few basic requirements that must be established to protect the reliability and validity 

of the study.  In order to receive credit for participating in this Module 10 extra credit 

research session, you must: 

 

1) Be present for both sessions of the research project. 

2) Actively participate by studying the materials presented to you.  Study these 

materials as if you were preparing for a final in your major course. 

3) Complete a series of short assessments exercises at the end of the research 

session. 

 

However, if you are found unable to meet any of these requirements, you can be 

dismissed from the research project without receiving the extra credit participation 
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points.  Other examples of non-participation are leaving the computerized research 

environment to proceed to the internet, tardiness, falling asleep, talking, or use of cell 

phone.   

 

According to Texas Tech University policies you are attending this research project 

as a volunteer. You are welcome to leave this study at anytime, you feel you need to.   

If at anytime during this study you decide to leave the study that is ok.  However, 

please understand even though you are not obligated to remain during the duration of 

the research project, if you decide to leave then you will not receive credit for 

attending the extra credit project. 

 

       Are there any questions? 

 

 

      Now we will begin the Module 10 Malta Research Project. 

 

� Discuss the index card research condition.  Each student will print their time sheet 

and staple the condition colored index card to it, at the end of the research session. 

� Have the students turn on their computer monitors 

� Demonstrate on the overhead screen the Welcome Page of the research project, 

the condition colors and letters, and the type in box for the participant’s password. 

� Instruct the students that they will have ten minutes to study all the materials 

provided.  The computers will take care of the time. 

� Instruct students to type in their password, and select their color coded condition. 

� Instruct students to read the research project instructions and raise their hands 

when they are done. 

� When all students have raised their hands instruct the students to hit the continue 

button. 

� The students will have ten minutes with the research project. 

� When the program closes, instruct all students on the overhead screen to hit the 

ESC – escape key, and look for the note-pad file on their desktops. 

� Next the students will hit print. 

� Have a tutor student organize the printed time sheets by password, to hand back 

out to the students. 

� Next, have the students open the Module 10 folder on their desktop. 

� Demonstrate on the overhead the link to the demographic online survey. 

� Ask all participants to complete the survey. 

� REMIND ALL STUDENTS TO RETURN IN TWO DAYS 

� When the students complete the survey, they need to come up front with their 

condition cards, and staple it to their notepad pages. 

� All participants will hand in their pages and sign out on the sign-ing sheet. 

 

 

Day Two Research Project – The Proctor must have a watch to time the POSTTESTS 
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� Researcher will again read the research protocol requirements only. 

� All participants will be asked to turn off all digital devices. 

� The researcher will hand out the Malta Cued Fact Recall Assessment. All 

participants will have eight minutes to complete. 

� Participants will place the Cured Recall Assessment upside down on the floor 

behind them. 

� The researcher will hand out the Malta Map Reconstruction Assessment.  All 

participants will have five minutes to complete that. 

� The Researcher will hand out the final assessment, the Inference Assessment.  

Each participant will have eight minutes to complete. 

� Finally the researcher will thank all participants. 

� Ask all the participants to bring their papers to the front. 

� Have the students turn in all their assessments 

� Have all participants sign the final sign out sheet for extra credit. 

� Make sure all participants have turned in all assessments, prior to given the 

extra credit points. 

� Provide extra credit points to all participants who were present on both 

research sessions. 

 

Thank you for participating! 
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            Digital Native Survey 
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      Online Digital Native Survey 

http://educedit.educ.ttu.edu/Daphne/M10_Survey/digital_native.asp 
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           Malta Research Project Screen Shots 
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Appendix F:  Welcome Screen – all six conditions 
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Appendix F:  Condition One – Instructions Page 

Low Imageability and Contiguity 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  136 

 

Appendix F:  Condition One – Map Page 
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Appendix F:  Condition One – Text Page 
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Appendix F:  Condition One – End Research Project Page 
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Appendix F:  Condition Two – Instructions Page 

Medium Imageability and Contiguity 
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Appendix F:  Condition Two – Map Page 
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Appendix F:  Condition Two – Text Page 
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Appendix F:  Condition Two – End Research Project Page 
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Appendix F:  Condition Three – Instructions Page 

High Imageability and Contiguity 
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Appendix F:  Condition Three – Map Page 
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Appendix F:  Condition Three – Text Page 
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Appendix F:  Condition Three – End Research Project Page 
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Appendix F:  Condition Four – Instructions Page 

Low Imageability and  No Contiguity 
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Appendix F:  Condition Four – Map Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  149 

 

 

 

Appendix F:  Condition Four – Text Page 
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Appendix F:  Condition Four – End Research Project Page 
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Appendix F:  Condition Five– Instructions Page 

Medium Imageability and  No Contiguity 
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Appendix F:  Condition Five – Map Page 
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Appendix F:  Condition Five – Text Page 
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Appendix F:  Condition Five – End Research Project Page 
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Appendix F:  Condition Six– Instructions Page 

High Imageability and  No Contiguity 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Daphne L. Lewis, August 2007 

 

  156 

 

 

 

 

Appendix F:  Condition Six – Map Page 
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Appendix F:  Condition Six – Text Page 
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Appendix F:  Condition Six – End Research Project Page 
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