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ABSTRACT 

Science, Technology, Engineering, and Mathematics (STEM) experts employ many 

representations that novices find hard to use because they require a critical STEM skill, 

interpreting two-dimensional (2D) diagrams that represent three-dimensional (3D) 

information.  The current research focuses on learning to interpret topographic maps. 

Understanding topographic maps requires knowledge of how to interpret the conventions 

of contour lines, and skill in visualizing that information in 3D (e.g. shape of the terrain). 

Novices find both tasks difficult. The present study compared two interventions designed 

to facilitate understanding for topographic maps to minimal text-only instruction. The 3D 

Visualization group received instruction using 3D gestures and models to help visualize 

three topographic forms. The Pattern Identification group received instruction using 

pointing and tracing gestures to help identify the contour patterns associated with the 

three topographic forms. The Text-based Instruction group received only written 

instruction explaining topographic maps. All participants then completed a measure of 

topographic map use. The Pattern Identification group performed better on the map use 

measure than participants in the Text-based Instruction group, but no significant 

difference was found between the 3D Visualization group and the other two groups. 

These results suggest that learning to identify meaningful contour patterns is an effective 

strategy for learning how to comprehend topographic maps. Future research should 

address if learning strategies for how to interpret the information represented on a 

diagram (e.g. identify patterns in the contour lines), before trying to visualize the 

information in 3D (e.g. visualize the 3D structure of the terrain), also facilitates students’ 

comprehension of other similar types of diagrams.   
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CHAPTER 1 
 

INTRODUCTION 
 

Science, technology, engineering, and mathematics (STEM) experts routinely 

employ many different representations in practice, but novices in these fields often have 

difficulty mastering the use of these representations (e.g. Ishikawa & Kastens, 2005; 

Kozma, 2003; Novick & Catley, 2007). A pervasively employed skill in STEM fields is 

reading and interpreting two-dimensional (2D) diagrams representing three-dimensional 

(3D) information. Yet, research with novices finds poor understanding of maps and 

diagrams (e.g. Alles & Riggs, 2011; Kali & Orion, 1996; Rapp, Culpepper, Kirkby, & 

Morin, 2007). For example, geoscience students struggle to visualize the 3D structures 

depicted in block diagrams (Alles & Riggs, 2011; Kali & Orion, 1996), and organic 

chemistry students struggle to visualize the 3D structures of complex molecules shown in 

diagrams (Stull, Hegarty, Dixon, & Stieff, 2012). There are two critical reasons why 

diagrammatic reasoning may be problematic for students: 1) not knowing how to find 

meaningful information in the diagram (e.g. Chang, Antes, & Lenzen, 1985; Clark et al., 

2008), and 2) having difficulties visualizing the information represented in the diagram 

(e.g. Alles & Riggs, 2011; Stull et al., 2012). In this study, we compare two approaches 

with standard text-based instruction for facilitating diagrammatic understanding. We 

investigate if learning to recognize and find meaningful information or learning to 

visualize the information in 3D helps students learn to comprehend STEM diagrams.  

Many of the diagrams employed in STEM are 2D drawings of 3D structures or 

objects. For example, block diagrams used in the geosciences are drawings of geologic 

structures found in the natural world. This class of diagrams closely resembles the real-
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world objects they represent. Information about where objects lie on the x, y, and z-axes 

is continuously presented. Thus, novices with strong 3D visualization skills may be able 

to visualize the structures represented in 3D.  

On the other hand, many diagrams in STEM provide continuous xy spatial 

information, but utilize less intuitive conventions to represent the location of objects on 

the z-axis. For example, Newman Projections, which are used to represent the 3D 

structure of molecules in organic chemistry, use a circle in the diagram to distinguish 

atoms that are projecting above the xy-plane from those below the xy-plane. Thus, to 

envision molecules using Newman Projections correctly, one needs to understand how a 

circle is used to represent the location of atoms on the z-axis. Similarly, topographic maps 

continuously present location information on the xy-plane, but use contour lines to 

represent metric z-information (i.e. elevation information). Fully understanding the 

topography represented on a topographic map requires knowledge of how to interpret 

contour lines and the ability to integrate lines in a way that is consistent with the three 

dimensions.  

Since this class of diagrams, what we will refer to as “z-convention” diagrams 

(e.g. Newman Projections and topographic maps), requires students to understand 3D 

information represented using 2D conventions, it is an especially difficult class of 

diagrams for students to interpret (e.g. Ishikawa & Kastens, 2005, Liben & Titus, 2012; 

Stull et al., 2012). As information about the z-axis is not continuously presented with the 

xy information, but rather is represented using specific conventions, accurately reading 

these diagrams not only requires understanding those conventions, but knowledge of how 

to integrate the symbolically represented z-information with the xy-information provided.  
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For example, one contour line on a topographic map provides location information about 

equi-elevation terrain. To correctly visualize the whole region, one needs to integrate the 

location and elevation information provided by that one contour line with the information 

provided by the surrounding contour lines. Shah and Carpenter (1995) found that students 

have trouble making sense of line graphs representing 3D datasets where the x and y 

variables are depicted as continuous, and the z variable is depicted as discrete, whether or 

not the underlying scales are discrete or continuous. Students, even when the variable 

represented on the z-axis is continuous, interpret the information as categorical, or 

nominal. Discretization of the variable represented on the z-axis leads to difficulties in 

inferring the xyz relationship (Shah & Carpenter, 1995). Similarly, contour lines on a 

topographic map represent a continuous variable (elevation) in a categorical manner. The 

categorical presentation of elevation information may make it difficult for students to 

integrate the continuous xy location information provided by the contours with the 

continuous z elevation information, also provided by the contours, but in a different 

manner. The discretization of contours on a topographic map and the associated difficulty 

in integrating multiple contours may be a significant factor for why topographic maps are 

especially problematic for novices.  

Although difficult to understand, topographic maps are nevertheless important for 

students and professionals. A topographic map is a 2D depiction of landforms that uses 

equi-elevation contour lines to convey information about the 3D shape of the earth. 

Understanding topographic maps figures centrally in the lives of geoscientists, engineers, 

military personnel, and many other professionals. Architects and engineers use them 

when deciding where and how to build bridges and buildings, and environmental 
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scientists (e.g. geologists and agronomists) use them for navigation during fieldwork. 

Topographic maps are useful for navigation because they show the configuration of the 

earth’s surface on a display that can be carried into the field like any other map. They 

allow one to understand the “what” and “where” of different topographical features, and 

even of the space around the map-user (Eastman, 1985).   

Furthermore, topographic maps appear in many grade school earth science 

curriculums. In New York State, topographic map comprehension is tested as part of the 

Regents Examinations, statewide standardized exams taken by most college-bound high 

school students (Bishop, Moriarty, & Mane, 2000). Since understanding these diagrams 

provides significant challenges for students (e.g. Clark et al., 2008; Liben & Titus, 2012; 

Rapp et al., 2007), here, we chose to focus on novices’ developing comprehension of 

topographic maps. Moreover, by approaching the problem of understanding topographic 

maps from two fundamental aspects of learning (i.e. identifying meaningful information 

or visualizing the information in 3D), lessons learned from this research might be applied 

to learning other “z-convention” STEM diagrams. For example, if learning to visualize 

topographic maps in 3D facilitates understanding for topographic maps, perhaps learning 

to visualize organic molecules in 3D will also boost organic chemistry students’ 

understanding of molecular diagrams, such as Newman or Fischer diagrams.  

Accurately using topographic maps requires a variety of skills including an 

understanding of scale, orientation, and viewing angle, and extracting 3D information 

from a 2D graphic representation (Liben & Titus, 2012). Using these maps requires an 

understanding of how information about the terrain is encoded (e.g. contour lines), and 

also skill in visualizing that information in 3D (e.g. shape of the terrain). A survey of the 
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relevant literature suggests that novices have difficulty with both tasks (e.g. Clark et al., 

2008; Rapp, et al., 2007; Taylor, Renshaw, & Choi, 2004).  

Interpreting the shape of the terrain represented on a topographic map requires 

one to understand the diagram’s conventions. Like other maps, the 2D layout of a 

topographic map mirrors the layout of the structures in the environment. The compass 

directions between points in the environment are maintained on the map. For example, a 

hill that is located southwest of a valley in the natural world is also to the southwest in the 

coordinate framework of the map. Unlike some other types of maps, the elevation 

information is also provided - on a topographic map, elevation is encoded using contour 

lines (Pick et al., 1995). Since it is not intuitive how these lines are used to code elevation 

information, and how sets of multiple lines represent the changes in elevation across a 

terrain, novices struggle to make sense of contour lines, often mistaking the spacing 

between the lines as representing how high the elevation is in that area (Clark et al., 

2008).  

Understanding any type of data (e.g. temperature, elevation, or brain activation 

level) represented by contour lines is problematic for students. A contour line is a curve 

of a function of two variables along which the function has a constant value. Novices fail 

to understand the information each line represents (e.g. locations on the earth with the 

same sea surface temperature), and what the spacing between multiple lines represent (e.g. 

the magnitude of change in temperature). Taylor, Renshaw, and Choi (2004) examined 

the effects of graphic presentation formats on the interpretation of standard contour maps. 

Students first practiced answering questions using sea surface temperature maps that 

were color-enhanced or just black and white. The questions asked about temperature 
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identification, temperature gradients, and east-west temperature distribution. The students 

were then tested using similar questions for three different standard contour maps. 

Results showed that students who practiced on enhanced maps performed better on 

standard maps later (Taylor, Renshaw, & Choi, 2004). Identifying the magnitude at a 

certain location (e.g. temperature identification questions) requires one to understand how 

contour lines are used to represent data. Answering questions about changes in the 

gradient (e.g. temperature gradient questions), and about the distribution of the data (e.g. 

east-west temperature distribution) requires one to understand how contour lines are used 

to represent a change in the data.  Since the color-enhanced maps used during practice 

visually emphasized that each contour represented a certain temperature, and thus 

multiple contour lines represented a change in the temperature, these results suggest that 

novices have a poor understanding of the conventions of contour lines.  

On a topographic map, a contour line joins points of equal elevation above sea 

level; therefore, the spacing between multiple contour lines provides information about 

the rate of change in elevation, or slope. Novices, before receiving classroom instruction 

on using topographic maps, have misconceptions about how elevation data is represented. 

Clark and colleagues (2008) note that some introductory geology students think that the 

spacing of contour lines indicates elevation rather than slope. For example, areas on a 

map with densely packed lines represent hills, and areas with more space between the 

lines represent lower elevations. Furthermore, some students think that the elevation of a 

specific point on the map can be gauged by the nearest number label, regardless of the 

number of intervening contour lines (Clark et al., 2008). These students fail to recognize 
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that contour lines indicate a change in elevation regardless of whether the lines are 

labeled.  

In addition to a poor understanding of the conventions of contour lines, novices, 

possibly unaware that specific contour patterns represent specific topographical structures, 

also do not use pattern identification as a strategy for interpreting topographic maps. For 

example, contour lines forming concentric closed contours generally represent hills. 

Similar to how expert chess players’ approach a game of chess (e.g. Chase & Simon, 

1973; de Groot & de Groot, 1978), experienced map-users can use specialized schema to 

find meaningful contour patterns on a topographic map (e.g. Chang, Antes, & Lenzen, 

1985; Gilhooly et al., 1988). When asked to make absolute and relative height judgments 

using different maps, eye-tracking data showed that on maps with “a pronounced relief 

and distinctive topography,” experienced map-users’ fixations were concentrated near the 

highest and lowest elevations, whereas novices’ fixations were more evenly distributed 

(Chang, Antes, & Lenzen, 1985, pp. 92). Furthermore, analogous to findings with chess 

experts (e.g. Chase & Simon, 1973; de Groot & de Groot, 1978), experienced map-users 

showed better performance than novice map-users on the regular maps. On maps with a 

“disorganized appearance of contour lines and irregular topography,” the reverse was true 

(Chang, Antes, & Lenzen, 1985, pp. 92). That fixation patterns, and performance on 

height judgments depended on the organization of the map suggests that experienced 

map-users identified contour patterns representing topographical structures to answer the 

questions, while novice map-users did not.  

Pick et al. (1995) investigated experienced map-users’ strategies during a 

localization task. Participants were videotaped and their verbal reports were recorded as 
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they tried to determine their position in the world on a topographic map. They found that 

a common strategy used by this group was to try to match structures in the terrain to 

structures on the map and vice versa (Pick et al., 1995). This structure-matching strategy 

further indicates that experienced map-users have skills in identifying contour patterns 

that represent topographical structures found in the environment. Additionally, research 

with experienced map-users concluded that high-skilled map-users have better memory 

than low-skilled map-users for “contour features” and for the associated real-world 

structures (Gilhooly, Wood, Kinnear, & Green, 1988). However, the definition of 

“contour features” is not provided by Gilhooly, Wood, Kinnear, and Green (1988), and 

thus it is unclear whether experienced map-users remember entire contour patterns 

representing structures, or whether they remember individual contour lines. Further 

coding of the participants’ map drawings in Gilhooly et al.’s (1998) study is required to 

know how experienced map-user’s memory for topographic maps is organized. In sum, 

extant research suggests that identifying meaningful patterns of contour lines, a strategy 

adopted by experienced map-users, is an effective strategy for understanding topographic 

maps.  

 A study by McGuigan (1957) indicates that identifying meaningful patterns may 

also be an effective strategy for novices who are learning to use topographic maps. 

McGuigan (1957) found that novice map-users who received instruction in which 2D 

images of the terrain were matched to 3D maps that presented “elevated and depressed 

surfaces in conjunction with the contour lines that symbolize them” (McGuigan, 1957, pp. 

53), performed the best on both contour interpretation (e.g. absolute and relative height 

judgments) and contour visualization (e.g. determine the direction of slope) tasks.  
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Furthermore, participants’ skill in pattern recognition, as determined by the Army 

Classification Battery, was related to their proficiency in contour interpretation. Since the 

most successful training in McGuigan’s (1957) study provided participants with 3D 

information in addition to the contour patterns, it is unclear if familiarity with the patterns, 

or linking images of the terrain to contour maps with additional 3D information (cues 

indicating elevated and depressed surfaces) resulted in better performance. Perhaps the 

additional 3D cues on the maps during training facilitated topographic map use by 

enhancing skills in visualizing maps in 3D. Thus, in our study, we ask whether learning 

to identify contour patterns using a topographic map with only contour lines and 

elevation labels is an effective teaching method.  

Just as novices’ difficulties with understanding topographic maps can stem from 

poor understanding of how to interpret contour lines, other research indicates that poor 

skills in visualizing that information in 3D may also contribute to poor topographic map 

comprehension (e.g. Clark et al., 2008; Liben & Titus, 2005; Rapp et al., 2007). One 

viable scenario is that a student understands the conventions of contour lines and can 

make sense of the information the lines represent, but she is unable to picture in 3D what 

the terrain looks like. Weak 3D visualization skills can hinder one’s topographic map 

comprehension by making it difficult to think about the 3D aspects of the region. For 

example, determining the path a stream would take through a terrain requires thinking 

about high areas of elevation in relation to low areas of elevation. If one is unable to 

visualize the region in 3D, it may be especially challenging to determine the local low 

areas of elevation that the stream would follow. 
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When using topographic maps, experienced map-users appear to visualize a 3D 

representation of the surface represented by the contour lines (e.g. Eley, 1981, 1983). 

Eley (1981) asked experienced map-users to identify the correct cross-section diagram 

for cross-sections designated on different topographic maps. Cross-section orientations 

varied from 0° to 180°. Sample images of a topographic map with a 0° cross-section, a 

180° cross-section, and a 90° cross-section are shown in Figure 1. Participants spent 

more time studying the map when the orientation of the cross-section was 45° or 135° 

than when it was 0° or 90°, and an intermediate amount of time when the orientation was 

180°. This varying relationship between the time participants spent studying the map and 

the orientation of the cross-section line on the map indicated that an imagery-based 

strategy was being used (Eley, 1981). If participants were using a serial encoding strategy, 

the time spent studying the map would not have varied for the different cross-section 

orientations. 

 
 
 
 
 
 
 
 
Figure 1. Three images of a topographic map with a designated cross-section. This 
topographic map of a hill was adapted from Bennison and Moseley (2003). The 
orientations of the cross-sections in the images are those used in the study by Eley 
(1981): (a) 0°, (b)180°, and (c) 90°.  
 

Unlike experienced map-users who show strong 3D visualization skills, many 

map-users are unable to visualize the terrain when contour lines are the only guide (Skop, 

1958). Rapp and colleagues (2007) found that additional information about 3D in the 

form of stereoscopic disparity helped students make judgments of spatial relations, such 
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as whether or not two points on a map would be mutually visible in the world (i.e. 

intervisibility questions). Whether stereoscopic cues facilitate answering other types of 

problems pertaining to spatial relations (e.g. drawing the path a stream would take 

through a terrain) is still an open question. This research suggests that visualizing maps in 

3D is critical for answering specific types of problems, and thus learning to think about 

topographic maps in 3D may be beneficial when learning to interpret these diagrams.  

Though understanding topographic maps is difficult for novices in general, recent 

research suggests that it is especially difficult for women. Weisberg, Newcombe, and 

Shipley (2013) found that women’s performance was lower than men’s performance on a 

new measure of topographic map use that required participants to use topographic maps 

to define routes, predict water movement, and identify features. Boardman (1989) noted 

gender differences in topographic map comprehension in 11 to 14 year-old children, 

however no statistical analyses were performed so the reliability of these observations is 

unclear.  

Research suggests that women’s struggles with topographic map use stem from 

weak 3D visualization skills. Lanca (1998) found that women do not visualize the terrain 

when reading topographic maps, but instead use verbal or analytic strategies. Novice 

map-users were asked to study a series of contour maps or landsurface maps (3D 

drawings of an area), and answer two cross-section questions per map (participants were 

shown an arrow indicating the orientation from which they should imagine looking at the 

terrain and then were asked to choose the cross-section that represented the terrain profile 

from the specified orientation).  Following the cross-section test, participants were asked 

to identify the correct representation for the previously studied maps either in a contour 
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map or a landsurface map format. For contour maps where the cross-section questions 

were answered correctly, men were better at recognizing the corresponding landsurface 

maps than women. As there was no difference in performance on the cross-section test, 

but men performed better on the recognition test (for both contour map and landsurface 

map formats) when the cross-section stimuli were contour maps (Lanca, 1998), these 

results suggest that women were using verbal or analytic strategies when understanding 

and processing the maps. As verbal or analytic strategies do not necessarily involve 

imagining what the terrain looks like, the women struggled to identify the correct 

landsurface representations.  

If women find it difficult to visualize topographic maps in 3D, perhaps learning to 

think about them in 3D will facilitate topographic map use in this group. Or, since 

research on gender differences in strategies for topographic map use is sparse, and more 

evidence is required to conclude that women’s difficulty with this task is a result of weak 

3D visualization skills, perhaps investigating an alternative approach focused on making 

sense of contour lines can also be insightful as to what learning strategy facilitates 

understanding in novices.  

Diagrammatic reasoning is a critical skill in STEM disciplines, and recent 

statistics show that women remain a minority in STEM careers both in the United States 

and internationally (Diekman, Brown, Johnston, & Clark, 2010). Women are less likely 

than men to pick STEM majors as undergraduates, and even less likely to remain in those 

majors (NCES, 2009). Understanding how to bolster diagrammatic reasoning skills in 

women may help to close the gender gap by boosting performance and improving their 

learning experiences in STEM classrooms.  
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To develop our understanding of effective methods for improving women’s 

topographic map comprehension, in this study we investigate two approaches for learning 

how to use topographic maps. We asked whether instruction focused on visualizing maps 

in 3D, or instruction focused on identifying and interpreting meaningful contour 

information, can help women learn to use topographic maps effectively.  

Research has shown that one way to support 3D thinking skills is with the use of 

external representations. External representations, such as gestures and models, can help 

novices when trying to solve complex 3D spatial problems (e.g. Alles & Riggs, 2011; 

Atit, Gagnier, & Shipley, 2013) by reducing the student’s cognitive load (e.g. Goldin-

Meadow, Nusbaum, Kelly, & Wagner, 2001), leaving more cognitive resources to attend 

to the task at hand. For example, Atit, Gagnier, and Shipley (2013) found that gesturing 

the spatial relations between objects shown in 2D geologic block diagrams facilitated 

penetrative thinking skills in novice undergraduates, and Stull and colleagues (2012) 

found that models help organic chemistry students translate between different 2D 

diagrams of molecules.  

A mechanism by which 3D gestures and models can support learning is by 

analogy. An analogy is an effective method for learning complex information (e.g. 

Gentner, Anggoro, & Klibanoff, 2011; Gentner, Loewenstein, & Thompson, 2003). It 

involves the mapping of knowledge from a base object to a target object where the 

relations within each object are the same (Gentner, 1989). Here, the 3D gestures and 

models can be viewed as tools for analogical learning as each has a set of spatial relations 

in common with maps and the world; in this study, 3D gestures and models were used to 

help the learner make the connection between the map and the world.  
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Gestures are used when thinking about 3D information because the hand 

movement itself occurs in 3D, allowing one to represent spatial properties of one or more 

objects in 3D (e.g. Atit, Shipley & Tikoff, 2013; Pozzer-Ardenghi & Roth, 2006; Roth, 

2000). The 3D nature of hand gestures makes them well suited to portray several 3D 

aspects of topographical structures (e.g. shape, form, space, and position) simultaneously. 

Structures commonly focused on in the classroom when teaching topographic maps (hills, 

valleys, ridges, and slopes) (e.g. Bennison & Moseley, 2003; Busch, 2011), can all be 

represented using a 3D hand gesture. For example, an upward facing v-shaped gesture 

can be used to represent the shape and orientation of a valley. Thus, 3D gestures can 

support students’ visualization of these structures when represented on a topographic map. 

Furthermore, models are useful when thinking about 3D information because they 

also allow one to represent the spatial properties of one or more objects in 3D (e.g. 

Gobert, 2005; Gray, Steer, McConnell & Owens, 2010; Kastens & Rivet, 2010) and are 

commonly used for this purpose in science classrooms. For example, use of a ball, 

toothpicks, and flashlight model (the ball and toothpicks were used to represent the earth 

and its axis, and the flashlight was used to represent the sun) to demonstrate seasonal 

change in an introductory earth science classroom enhanced students’ conceptual 

understanding (Gray et al., 2010). The model provided students with an external 

representation showing the 3D spatial relations between the tilted earth and the sun. 

Similarly, a model can be used to represent the 3D shape and form of structures 

commonly represented on topographic maps, and thus can be used to support student’s 

visualization of these structures when first learning how to use topographic maps. 
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Researchers interested in science education have found that students occasionally 

use gestures and models together when solving complex 3D problems (e.g. Alles & Riggs, 

2011; Stieff, 2011). Alles and Riggs (2011) observed that students who struggled with 

penetrative thinking problems gestured and created models from pieces of clay when 

trying to think about the 3D structure of block diagrams. Furthermore, Stieff (2011) 

observed that when organic chemistry students are asked to explain, without the use of 

molecular models, how they translated between different molecular diagrams, they report 

trying to visualize the models while gesturing about the spatial arrangement of the atoms. 

Models provide a concrete representation of the 3D information, whereas gestures 

provide an abstract representation that can be shaped and moved as necessary. Students 

use both models and gestures when reasoning about complex spatial problems (Alles & 

Riggs, 2011), but when the models are no longer present, gestures can still be used to 

help visualize the 3D information (Stieff, 2011). Thus, we used both 3D gestures and 

models when teaching students how to think about topographic maps in 3D.  

To teach students to identify meaningful contour patterns on a topographic map, 

pointing and tracing gestures were used to focus their attention. Studies show that 

gestures are used to focus attention to spatial information (e.g. Atit, Shipley, & Tikoff, 

2013; Lozano & Tversky, 2006; Roth, 2000). Lozano and Tversky (2006) found 

participants used pointing and tracing gestures to draw the listener’s attention to 

individual pieces when asked to explain how to assemble a piece of furniture. When 

asked to design and produce an optimal emergency rescue route using a campus map, 

Heiser, Tversky, and Silverman (2004) found that students used pointing and tracing 

gestures to focus their partner’s attention to specific aspects of their plan. Gestures can 
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also help the speaker focus his or her own attention to critical information (Alibali & Kita, 

2010; Sauter, Uttal, Alman, Goldin-Meadow, & Levine, 2012). Alibali and Kita (2010) 

found that five to seven-year old children, when asked to explain their solutions to a 

Piagetian conservation task and were prohibited from gesturing, expressed more non-

spatial information, such as “it’s still the same water”, than when allowed to gesture. The 

children’s gestures helped focus their attention on the spatial properties of the stimuli, 

such as the height of the containers, and influenced the type of information conveyed in 

speech (Alibali & Kita, 2010). Thus, we will use pointing and tracing gestures to 

highlight contour patterns for our participants, and our participants will use the same 

gestures to highlight the patterns for themselves.  
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CHAPTER 2 

THE CURRENT STUDY 

In this experiment, one group of women received instruction using pointing and 

tracing gestures to learn to identify contour patterns for three topographic forms (Pattern 

Identification group). A second group received instruction using 3D gestures paired with 

3D models to learn to visualize the same topographic forms (3D Visualization group). To 

establish a baseline that will be used to measure the effect of the two interventions, we 

also included a third condition that only received written instruction (the Text-based 

Instruction group). Lastly, to investigate the relations between pre-existing skills and 

one’s aptitude for learning how to use topographic maps, all participants completed three 

additional measures. One measure asked about participants’ previous experience with 

maps. The remaining two assessed two different spatial skills. As Sholl and Egeth (1982) 

found no relations between topographic map reading skills and mental rotation skills or 

spatial visualization skills in their study, we chose to assess two other skills potentially 

relevant to topographic map reading: performance on the Water Level Test and 

perspective taking.   

Piaget and Inhelder (1956) originally developed the Water Level Test as part of 

their work on children’s development of spatial concepts. Within the extant literature, this 

test is commonly described as a measure of one’s understanding of horizontality (e.g. 

Kastens & Liben, 2007; Liben & Golbeck, 1980). Researchers have found that 

participants who perform poorly on the Water Level Test also perform poorly on other 

spatially complex tasks (e.g. Liben, Christensen, & Kastens, 2010; Liben, Kastens, & 

Christensen, 2011). For example, Liben, Kastens, & Christensen (2011) asked 
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psychology undergraduates to complete several different spatially demanding tasks, such 

as map an outcrop’s strike and dip, map a rod’s orientation, point to a distant building, 

point to north, and complete 3D horizontality and verticality tasks. Participants with low 

Water Level Test scores also performed poorly on these other tasks (Liben, Kastens, & 

Christensen, 2011). Furthermore, as contour lines on a topographic map represent 

horizontal planes of equal elevation, one’s understanding of topographic maps could be 

related to one’s understanding of horizontality. Thus, in our study, we administered the 

Water Level Test to see if performance on this spatial measure is related to topographic 

map reading performance.  

Perspective taking skill is defined as “the ability to imagine the appearance of 

objects from different orientations (perspectives) of the observer” (Hegarty & Waller, 

2004, pp. 176). Liben and Downs (1993) found that five to 12-year old children who 

were poor at perspective taking made more errors in identifying the position and facing 

direction of a person standing in a room on a planimetric map. Perspective taking is 

related to map use in the real world since locating yourself on a map involves looking at 

the map and making a hypothesis about where you might be, envisioning what you would 

see from that perspective, and then comparing the imagined view with what you see in 

the real world (Ishikawa & Kastens, 2005). Thus, this skill may also be related to 

topographic map understanding and so, we administered this test to further investigate 

this relationship.  

If women’s difficulties in topographic map use stem from weak skills in finding 

and interpreting meaningful information on a topographic map, the Pattern Identification 

group should perform better than both the 3D Visualization group and the Text-based 
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Instruction group on a measure of topographic map use. If women’s difficulties in 

topographic map use stem from weak visualization skills, then the 3D Visualization 

group should perform better than the other two groups. Lastly, I anticipate that women 

with better skills for topographic map use should also show better performance on both 

the perspective taking measure and the Water Level Test.  

 
Methods 

Participants 

 Two hundred and four female undergraduate psychology students (Mage=20.84 

years, age range: 18-53 years) were recruited through Temple University’s 

Undergraduate Psychology Research Pool. Participants provided informed consent and 

received credit towards a research participation requirement for their involvement in the 

study.  

Materials 

 Map Experience Survey. The Map Experience Survey is a six-item survey adapted 

from Weisberg, Newcombe, and Shipley (2013). It is designed to assess the participant’s 

previous experience with topographic maps as well as with planimetric maps. It includes 

questions such as “Do you like to hike or camp?” and Likert-type items such as “Rate 

your experience with maps in general” where responses could range from 1 (“no 

experience”) to 7 (“a lot of experience”). The complete survey is provided in Appendix A.  

Spatial Orientation Test. The Spatial Orientation Test (SOT) is a test of 

perspective-taking skill. In this test, a configuration of seven objects is presented on a 

sheet of paper. On each of the 12 items, the participant is asked to imagine being at the 

position of one object in the display (the station point) facing another object, and is asked 
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to indicate the direction to a third object by drawing it on a blank circle where the station 

point is located at the center. The participant has five minutes to complete the test. The 

participant’s score on each item is the absolute deviation in degrees between her response 

and the correct direction to the target (Hegarty & Waller, 2004).  

 Water Level Test. The Water Level Test assesses one’s ability to identify a stable 

axis in spite of a conflicting visual environment (Piaget & Inhelder, 1956). In this test, the 

participant is given drawings of six straight-sided bottles tipped from upright to the right 

or left. The task is to draw a line inside each bottle to show “where the water would be if 

the bottle were half full and held in the position shown.” Lines are measured for degrees 

of deviation from horizontal, and those drawn more than five degrees off from horizontal 

are categorized as errors (Liben & Golbeck, 1980).  

 “Introduction to Topographic Maps” Handout. The “Introduction to Topographic 

Maps” handout is a two-page handout that provides background and instructions on how 

to read topographic maps. It was written based on simple, concise descriptions culled 

from online resources, and read by geologists for clarity and accuracy. It describes the 

different uses of topographic maps and introduces the concept of contour lines (Jacovina 

& Rapp, 2012; Weisberg, Newcombe, & Shipley, 2013). The “Introduction to 

Topographic Maps” handout is provided in Appendix B.  

 Sample Map. The Sample Map is a topographic map adapted from Bennison and 

Moseley (2003). It depicts three simple topographic forms commonly taught in 

introductory geoscience classrooms (hill, slope, and valley) (e.g. Bennison & Moseley, 

2003; Busch, 2011). These forms were the focus of instruction for both 3D Visualization 

and Pattern Identification groups. An image of the map is shown in Figure 2.  
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Figure 2. An image of the Sample Map used during instruction. It is a topographic 
map adapted from Bennison and Moseley (2003) that contains contour patterns 
representing a hill, a valley, and steep and shallow slopes.   
 

3D Models. Nine 3D models made from Play-Doh were used in this study. Four 

of the models were aligned with the Sample Map, and the remaining five depicted other 

examples of mountains, valleys and ridges, and slopes. Of the four aligned models, one 

model depicted the entire map, and the remaining three depicted the individual structures 

of the hill, the region containing a steep and shallow slope, and the valley. Images of the 

three aligned structures are shown in Figure 3. The five remaining models did not 

resemble the structures depicted on the Sample Map; they were models of a hill, a valley, 

a ridge, a steep slope, and a shallow slope. 

 

 

 
Figure 3. Images of the three highly aligned models of the structures represented on 
the Sample Map: (a) the model of the hill, (b) the model of the valley, and (c) the 
model containing the steep and shallow slopes.  
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Practice Problems. To provide the 3D Visualization and Pattern Identification 

groups practice visualizing and identifying the structures represented on topographic 

maps, practice problems were created using five topographic maps found on the U.S. 

Geological Survey (USGS) website. The prompts for the 3D Visualization group asked 

for the appropriate 3D gesture and identification of the corresponding model. The 

prompts for the Pattern Identification group asked for pointing gestures and verbal 

responses. The practice problems are provided in Appendix C.  

Topographic Map Assessment. The Topographic Map Assessment is an 18-item 

assessment of topographic use, and is provided in Appendix D. For each item, the 

participant is required to answer questions and solve problems using a topographic map. 

The assessment is not timed (Jacovina & Rapp, 2012; Weisberg, Newcombe, & Shipley, 

2013). Some of the items have multiple parts (e.g. draw a path and provide an 

explanation), and thus for purposes of scoring, each part was awarded one point. The 

highest score possible on the assessment was 28 points.  

Procedure 

 Participants were run individually in a quiet room. After completing the consent 

process, all participants completed the Map Experience Survey, the SOT, and the Water 

Level Test. After completing the three measures, each person was assigned to one of the 

following three groups: the 3D Visualization group, the Pattern Identification group, or 

the Text-based Instruction group. Quasi-random assignment was used to equate the 

number of participants with high topographic map experience in each group. Those 

participants who responded with a “4” or higher to item 2 (“Rate your experience with 
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topographic maps”) on the Map Experience Survey were classified as high topographic 

map experience, and were evenly distributed in the three groups.  

After completing the Map Experience Survey, the SOT, and the Water Level Test, 

all participants were told that this was a study on reading and understanding topographic 

maps and then were asked to read the “Introduction to Topographic Maps” handout.  

After reading the handout, participants in the 3D Visualization and Pattern 

Identification groups engaged in additional instructional activities. The 3D Visualization 

group was presented with the Sample Map and the aligned model of the Sample Map. 

After viewing the model, the experimenter then focused the participant’s attention to just 

the Sample Map and began instruction on the individual structures.  

First, the experimenter pointed to the hill on the map and explained that the bulls-

eye pattern indicates that the topography in this region is shaped like a hill. After pointing 

to the contour pattern, the experimenter made a gesture of a hill (shown in Figure 4) and 

then presented the aligned model of the hill. She then used the gesture to spatially align 

the model to the contour pattern on the map. As she moved her hand from one 

representation to the other, she explained, “This gesture represents the structure of a hill 

like the one shown in this model (places hill-shaped hand over the model), and thus 

represents the structure shown on this map” (places hill-shaped hand over bulls-eye 

pattern on the map). The experimenter then asked the participant to mirror her actions, 

causing the participant to make the same gesture-to-model-to-map alignment. After 

making the alignment, the experimenter explained why the shape of her hand represents 

the structure shown on the map, “The bulls-eye pattern on the map is equivalent to this 

hill shape (again makes a gesture of a hill) because the elevation at the center of the 
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bulls-eye is higher than the elevation on the outer rings, meaning that the palm of your 

hand should be higher than your fingertips.”  

 

 

 

Figure 4. Images of the gestures used by the experimenter during instruction for the 
3D Visualization group: (a) the gesture of a hill, (b) the gesture of a valley, and (c) 
the gesture representing slope (the angle of the hand varied depending on whether a 
steep or shallow slope was to be represented).  
 
 After learning about the hill, the participant in the 3D Visualization group 

received analogous instructions for a valley, and for steep and shallow slopes. During 

instruction about the valley, the experimenter also noted that the same contour pattern 

could represent the structure of a ridge depending on the direction of change in elevation, 

and presented the participant with a gesture of a ridge.  

The Pattern Identification group was presented with the Sample Map and the 

experimenter pointed to the hill on the map and explained that the bulls-eye pattern 

indicates that the topography in this region is shaped like a hill. After pointing to the 

contour pattern, the experimenter traced all of the concentric closed contours representing 

the structure on the map and told the participant to imagine a hill to help visualize what 

the area looks like. The experimenter then asked the participant to mirror her actions, 

making the participant highlight the pattern representing the structure. After the 

participant traced the bulls-eye pattern, the experimenter explained why this type of 

pattern represents a hill, “The bulls-eye pattern on the map is equivalent to a hill shape 

(again pointing to the bulls-eye pattern) because the elevation at the center of the bulls-

eye (tracing the center closed contour line) is higher than the elevation on the outer rings 

a) b) c) 
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(tracing the two outer closed contour lines), meaning that the center of the structure 

should be higher than the outside.”  

After learning about the hill, the participant in the Pattern Identification group 

received similar instructions for a valley, and for steep and shallow slopes. During 

instruction about the valley, the experimenter noted that the same contour pattern could 

represent the structure of a ridge depending on the direction of change in elevation.  

After instructions about the hill, the valley, and the steep and shallow slopes were 

completed, participants in both the 3D Visualization and Pattern Identification groups 

completed the set of practice problems. While completing the problems, the 3D 

Visualization group was presented with the additional models of a hill, a valley, a ridge, a 

steep slope, and a shallow slope, and was asked to use those models to respond to the 

appropriate questions. The Pattern Identification group was not provided with the models. 

Participants in both groups received feedback after completing each problem.  

Participants in all three groups completed the Topographic Map Assessment. 

Before starting the assessment, the 3D Visualization group was reminded to use the 

gestures and think about the models while completing the assessment, and the Pattern 

Identification group was reminded to imagine the relevant structures. The experimenter 

was not present in the room while participants completed the assessment.  

Scoring of the Topographic Map Assessment 

 The Topographic Map Assessment had four items that asked participants to draw 

their responses.  Three of the items required participants to draw watercourses on a 

topographic map (Items 10, 11, and 12). One item required participants to draw the route 

they would walk from one location to another on a topographic map (Item 17). To ensure 
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that these items were scored reliably, inter-rater reliability was established by having a 

second independent coder score a subset (20%) of the responses for each item. Inter-rater 

agreement for the three watercourse items are as follows: κItem10=0.94 (n=40 responses), 

κItem11=0.89 (n=40 responses), and κItem12=0.90 (n=40 responses). Inter-rater agreement for 

the route-drawing item is κItem17=0.95 (n=40 responses). 

 
Results 

Initial Analysis  

To verify that all 18 items on the Topographic Map Assessment measure one set 

of skills, topographic map reading skills, an exploratory factor analysis was conducted. A 

principal components analysis with an oblimin rotation yielded a predominantly 

univariate factor, with the first factor explaining 16.06% of the variance. The 

communalities were all above 0.3, confirming that each item shared some common 

variance with the other items. Thus, we summed the scores for all 18 items creating one 

score for performance on the entire assessment.  

To investigate the effect of type of instruction on performance on the Topographic 

Map Assessment, a one-way ANOVA was conducted. The analysis revealed that the 

groups differed in performance, F(2, 201)=6.52, p<.01, partial η2=0.06. Tukey post-hoc 

comparisons indicated that the Pattern Identification group (M=18.16, SD=4.03) 

performed significantly better on the Topographic Map Assessment than the Text-based 

Instruction group (M=15.59, SD=4.65) (p<.01, d’=0.59), but there was no difference in 

performance between the 3D Visualization group (M=16.53, SD=3.89) and the other two 

groups, n.s. Instruction focused on identifying meaningful contour patterns was the most 

effective providing a reliable boost in performance for using topographic maps.  
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To ensure that differences in performance were not a result of differences in pre-

exisiting skill, three additional one-way ANOVAs were conducted. Results of a test 

comparing participants’ responses to the item “Rate your experience with topographic 

maps” (item 2 on the Map Experience Survey) in each condition verified that the groups 

did not differ in levels of topographic map experience, F(2, 201)=0.04, n.s. Nor did they 

differ in performance on the SOT (F(2, 201)=0.16, n.s.) or the Water Level Test (F(2, 

201)=0.24, n.s.). Thus, any difference in performance on the Topographic Map 

Assessment was not a result of a difference in previous experience with topographic 

maps, perspective taking skill, or Water Level Test performance.  

Map Experience 

 To create a single score that reflected participants’ previous map experience, 

inter-correlations among items 2, 5, and 6 on the Map Experience Survey were computed. 

Items 2, 5, and 6 were chosen as all three were Likert-type items that directly asked about 

participants’ experiences with maps. A summary of the correlations, means, and standard 

deviations for all three items is shown in Table 1. Using Cohen’s (1988) guidelines, 

analyses confirmed that items 2, 5, and 6 were strongly correlated (all r’s > 0.50, all 

p’s<0.01), and the Cronbach’s alpha for all three items was 0.80. Thus, the average of all 

three responses was calculated, creating a composite score of “previous map experience” 

for each participant. This composite score was used for subsequent analyses. 
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Table 1. 
Summary of Correlations, Means, and Standard Deviations for Participants’ 
Responses on Items 2, 5, and 6 on the Map Experience Survey 
 

Note. Items 2, 5, and 6 are Likert-type items. Item 2 states, “Rate your experience with 
topographic maps,” item 5 states “Rate your experience with maps in general,” and item 
6 states, “Rate how much you enjoy looking at, reading, or using maps in general.”  
***p<.001 

Performance Across All Measures 

To see the relations between participants’ performance on the measure of 

topographic map use and their pre-existing skills, correlations were calculated between 

performance on the Topographic Map Assessment and previous map experience, 

performance on the SOT, and performance on the Water Level Test. A summary of the 

correlations, means, and standard deviations is shown in Table 2. Using Cohen’s (1988) 

guidelines, performance on the Topographic Map Assessment was weakly correlated 

with previous map experience (r(202)=0.17, p=0.02), and performance on the Water 

Level Test (r(202)=0.28, p<.001). Performance on the Topographic Map Assessment was 

moderately correlated with performance on the SOT (r(202)=-0.43, p<.001).  

 

 

 

 

 

Map Experience 
Survey Item 2 5 6 M SD 

2 - 0.56*** 0.50*** 1.86 1.24 

5 - - 0.66*** 3.25 1.49 

6 - - - 2.69 1.60 
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Table 2.  
Summary of Correlations, Means, and Standard Deviations for Participants’ Scores on 
the Topographic Map Assessment (Topomap), Previous Map Experience (Map 
Experience), the Spatial Orientation Test (SOT), and the Water Level Test (WLT) 
 

  Note. * p<.05, **p<.01, ***p<.001 
 

To investigate relationships between the measures within each group, correlations 

between the four measures were calculated for each condition. A summary of the 

correlations, means, and standard deviations for each group’s previous map experience 

and performance on the Topographic Map Assessment, the SOT, and the Water Level 

Test is shown in Table 3. Performance on the Topographic Map Assessment is 

moderately correlated with performance on the SOT in all three groups: the Text-based 

Instruction group (r(66)=-0.32, p=0.01), the Pattern Identification group (r(66)=-0.51, 

p<.001), and the 3D Visualization group ((r(66)=-0.49, p<.001). Thus, in all three groups, 

participants who had better perspective taking skills also showed better comprehension 

for topographic maps.  

  

Measure 1.Topomap  2. Map 
Experience 

3. SOT 
(perspective 

taking) 
4. WLT M SD 

1. Topomap  - - - - 16.76 4.32 

2. Map 
Experience 0.17* - - - 2.60 1.22 

3. SOT 
(perspective 

taking) 
-0.43** -0.22** - - 55.37 28.34 

4. WLT 0.28** 0.10 -0.31** - 0.37 0.30 
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Table 3. 
Summary of Correlations, Means, and Standard Deviations for the Text-based 
Instruction, Pattern Identification, and 3D Visualization Groups for Scores on the 
Topographic Map Assessment (Topomap), Previous Map Experience (Map 
Experience), the Spatial Orientation Test (SOT), and the Water Level Test (WLT). 

 
Text-based Instruction Group 

Measure 1.Topomap  2.Map 
Experience 

3.SOT 
(perspective 

taking) 
4.WLT M SD 

1.Topomap  - - - - 15.59 4.65 
2.Map 

Experience -0.08 - - - 2.53 1.17 

3.SOT 
(perspective 

taking) 
-0.32** -0.04 - - 55.61 24.66 

4.WLT 0.27* 0.07 -0.21 - 0.36 0.29 

Pattern Identification Group 

Measure 1.Topomap  2.Map 
Experience 

3.SOT 
(perspective 

taking) 
4.WLT M SD 

1.Topomap  - - - - 18.16 4.03 
2.Map 

Experience 0.38** - -  2.63 1.24 

3.SOT 
(perspective 

taking) 
-0.51** -0.33** - - 53.89 28.12 

4.WLT 0.09 0.03 -0.28* - 0.36 0.30 

3D Visualization Group 

Measure 1.Topomap  2.Map 
Experience 

3.SOT 
(perspective 

taking) 
4.WLT M SD 

1.Topomap  - - - - 16.53 3.89 
2.Map 

Experience 0.22 - - - 2.64 1.28 

3.SOT 
(perspective 

taking) 
-0.49** -0.25* - - 56.60 32.10 

4.WLT 0.52** 0.18 -0.40** - 0.39 0.32 
Note. * p<.05, **p<.01, ***p<.001 
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Performance on the Topographic Map Assessment is strongly correlated with 

performance on the Water Level Test in the 3D Visualization group ((r(66)=0.52, 

p<.001), weakly correlated in the Text-based Instruction group ((r(66)=0.27, p=0.03), 

and not correlated at all in the Pattern Identification group (r(66)=0.09, n.s.). Women 

with high Water Level Test scores performed better on the Topographic Map Assessment 

after receiving the minimal instruction, suggesting that women’s performance on the 

Water Level Test is related to baseline skills in topographic map use. Women with high 

Water Level Test scores showed higher performance on the Topographic Map 

Assessment after receiving the 3D visualization instruction, suggesting that women’s 

performance on the Water Level Test is related to their understanding of topographic 

maps after instruction focused on visualizing maps in 3D. However, the number of 

women with high scores was too small to allow reliable tests to confirm that their 

performance on the Topographic Map Assessment was significantly higher than women 

with high Water Level Test scores in the Text-based Instruction group. Finally, all 

women, regardless of Water Level Test performance, benefitted from instruction focused 

on identifying meaningful contour patterns.  

Lastly, performance on the Topographic Map Assessment was moderately 

correlated with previous map experience in the Pattern Identification group (r(66)=0.38, 

p<.01), but not correlated in the Text-based Instruction group (r(66)=-0.08, n.s.), or the 

3D Visualization group (r(66)=0.22, n.s.). These results suggest that women with more 

previous map experience benefitted from instruction focused on identifying meaningful 

contour patterns, but map experience was not related to one’s baseline understanding of 

topographic maps, or their understanding after instruction on visualizing maps in 3D.  
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Finding that the relations between the four measures differed in each group, linear 

regression analyses were conducted to see how previous map experience, perspective 

taking skill, and Water Level Test score were related to topographic map understanding 

in each condition. For all three regressions, the predictor variables were previous map 

experience, performance on the SOT, and performance on the Water Level Test. The 

criterion was performance on the Topographic Map Assessment.  

In the Text-based Instruction group, the linear combination of the three measures 

significantly predicted performance on the Topographic Map Assessment, with the 

combined measures explaining 15.0% of the variance, R2=0.15, F(3, 64)=3.80, p=0.01. 

Of the three measures used in this study, only performance on the SOT (β=-0.28, p=0.02) 

was a significant predictor of performance on the Topographic Map Assessment. 

Previous map experience and performance on the Water Level Test did not predict 

performance on the Topographic Map Assessment, n.s. Thus, only perspective taking 

predicted topographic map comprehension in this group.  

In the Pattern Identification group, the linear combination of the three measures 

also significantly predicted performance on the Topographic Map Assessment, with the 

combined measures explaining 31.2% of the variance, R2=0.31, F(3,64) =9.66, p<.001. 

Of the three measures used in this study, performance on the SOT (β=-0.44, p<.001) and 

previous map experience (β=0.24, p=0.03) were significant predictors of performance on 

the Topographic Map Assessment, with performance on the SOT having the largest effect. 

Performance on the Water Level Test did not predict performance on the Topographic 

Map Assessment, n.s. Thus, perspective taking and previous map experience predicted 

topographic map comprehension in this group.  
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Lastly, in the 3D Visualization group, the linear combination of the three 

measures also significantly predicted performance on the Topographic Map Assessment, 

with the combined measures explaining 37.2% of the variance, R2=0.37, F(3, 64) =12.61, 

p<.001. Of the three measures used in this study, performance on the SOT (β=-0.32, 

p<.01) and the Water Level Test (β=0.38, p<.01) were significant predictors of 

performance on the Topographic Map Assessment, with performance on the Water Level 

Test having the largest effect. Previous map experience did not predict performance on 

the Topographic Map Assessment, n.s. Thus, Water Level Test performance and 

perspective taking predicted topographic map comprehension in this group. Summaries 

of the results from all three regressions are shown in Table 4. 

Table 4.  
Linear Regression Analyses Predicting Performance on the Topographic Map 
Assessment for the Text-based Instruction, Pattern Identification, and 3D Visualization 
Groups. 
 

Text-based Instruction Group 
Predictors b SE b β 
Map Experience  -0.41 0.46 -0.10 
SOT (perspective taking) -0.05 0.02 -0.28* 
WLT 3.4 1.88 0.21 

Pattern Identification Group 
Predictors b SE b β 
Map Experience  0.79 0.36 0.24* 
SOT (perspective taking) -0.06 0.02 -0.44*** 
WLT  -0.45 1.46 -0.03 

3D Visualization Group 
Predictors b SE b β 
Map Experience 0.21 0.31 0.07 
SOT (perspective taking) -0.04 0.01 -0.32** 
WLT 4.71 1.34 0.38** 

    Note. The predictors in each regression were previous map experience (Map Experience), 
and scores on the Spatial Orientation Test (SOT) and the Water Level Test (WLT).  
  * p<.05, **p<.01, ***p<.001 
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 Participants better at perspective taking showed better topographic map 

understanding regardless of instruction type. Participants with more previous map 

experience showed better topographic map understanding after instruction focused on 

identifying contour patterns, and participants with high Water Level Test scores showed 

better topographic map understanding after instruction focused on visualizing maps in 3D. 

In sum, different types of participants benefitted from different types of instruction.  

Discussion 

Results from this study suggest that identifying meaningful contour patterns is an 

effective strategy for learning to use topographic maps. Women who received instruction 

using pointing and tracing gestures to learn meaningful contour patterns performed better 

on a measure of topographic map use than women who received only written instruction.  

Analyses relating participants’ attributes to her skills for using a topographic map 

also suggests that women with specific characteristics benefit from certain types of 

instruction. Overall, women with higher perspective taking skill benefitted from any type 

of instruction on topographic map use. Women with more previous map experience 

showed better understanding for topographic maps after instruction focused on 

identifying contour patterns, and women with higher Water Level Test scores showed 

better understanding for topographic maps after instruction focused on visualizing maps 

in 3D.  

Our results add to research showing that gestures can effectively highlight 

information (e.g. Heiser, Tversky & Silverman, 2004; Lozano & Tversky, 2006; Roth, 

2000). Gestures organize a space into a salient foreground, and an unrepresented, more 

diffuse background. Atit et al. (2013) found that expert geologists use 3D gestures, in 
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addition to pointing and tracing gestures, when highlighting information on a geologic 

map. In our study, both the Pattern Identification group and the 3D Visualization group 

received instruction in which gestures were used to highlight contour patterns on a 

topographic map. For the 3D Visualization group, when using the 3D gesture to link the 

model to the map, the experimenter briefly used the gesture to indicate the relevant 

contour pattern. However, the Pattern Identification group’s superior performance for 

topographic map use relative to the Text-based Instruction group suggests that pointing 

and tracing gestures are more effective than 3D gestures when highlighting complex 

spatial information for novices. Why the 3D gestures were ineffective is still an open 

question.  It is possible that a 3D gesture provided too much information, both form and 

location information, for novices to process and retain.  

In addition to pointing and tracing gestures being effective for focusing attention 

on complex spatial objects, identifying meaningful contour patterns is an effective 

strategy for women when learning to use topographic maps. The separation of relevant 

information (meaningful contour patterns) from irrelevant information (the rest of the 

contour lines on the map) is a task referred to as disembedding in the geosciences. 

Researchers have found that experienced map-users disembed patterns representing 

structures when using a topographic map (e.g. Chang, Antes, & Lenzen, 1985; Pick et al., 

1995). An open question is whether disembedding contour patterns is also an effective 

learning strategy for novice male map-readers, as different types of instruction may be 

beneficial for men and women.  

Although experienced map-users visualize structures on the map in 3D (e.g. Eley, 

1981, 1983), it is unclear when this skill develops in the progression from novice to 
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expert. Does skill in disembedding contour patterns precede 3D visualization skills? Or 

do they develop simultaneously? Our results show that when disembedding skills and 3D 

visualization skills are promoted individually, disembedding skills are more effective in 

facilitating understanding for topographic maps. Future research should address whether 

the order in which these two sets of skills are developed effects performance. Perhaps 

first using pointing and tracing gestures to identify and learn contour patterns followed by 

using 3D gestures and models to help visualize the structures would be an effective 

progression. Such sequenced scaffolding might be required for some students to learn 

how to use topographic maps successfully.  

There are two potential explanations for why the 3D visualization instruction was 

not as effective as the pattern identification instruction for female novice topographic 

map-users. First, research suggests that women do not benefit from spatial visualization 

training when learning to use topographic maps. Lanca and Kirby (1995) asked men and 

women novice map-users to study a contour map in one of four conditions: a verbal 

learning group in which participants read a prose passage describing the geography, a 

spatial learning group in which participants sketched different cross-section profiles of 

the terrain, a combined spatial and verbal learning group in which participants performed 

a composite of the verbal and spatial tasks, and a study-only control group. When asked 

to recall the 3D information represented on the map (e.g. the shape of the terrain), post-

test results indicated that men who received spatial training performed better than men 

who received no spatial training, but there was no difference in women’s performance 

(Lanca & Kirby, 1995). As the cross-section sketches were not assessed for accuracy, it is 
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unclear whether women’s difficulty in recalling the 3D information is indicative of their 

difficulty to visualize the 3D information.  

In our study, using gestures and models to help visualize topographic maps in 3D 

also did not boost all women’s topographic map understanding. As Water Level Test 

performance significantly predicted who benefitted from the 3D Visualization instruction, 

perhaps those women with low Water Level Test scores need additional 3D thinking 

training before they can visualize forms in the context of using topographic maps. 

Perhaps men benefitted from the spatial training in Lanca and Kirby’s (1995) study 

because men generally outperform women on the Water Level Test (e.g. Liben, 1974; 

Liben & Golbeck, 1980). Thus, men may also be more likely to benefit from the 3D 

visualization instruction used in our study. Future research should investigate if 

performance on the Water Level Test can be used to identify students (both men and 

women) that would benefit from any type of visualization training on topographic maps, 

and those students that may need alternative or additional types of instruction.   

The second potential explanation for why women in the 3D Visualization group 

did not show the same gains as the Pattern Identification group is because learning the 

gestures in association to the models and the contour patterns exceeded their cognitive 

resources. The simultaneous presentation of the gesture, the model, and the map may 

have required participants to remember more information than they could effectively use. 

Future studies should train using gestures and models separately to see if reducing 

women’s cognitive load during instruction boosts comprehension for topographic maps.  

Though our 3D visualization training did not benefit all of the women assigned to 

that condition, women with higher Water Level Test scores also received higher scores 
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on the measure of topographic map use after instruction. Piaget and Inhelder (1956) 

originally developed this measure as part of their work on children’s development of 

spatial concepts. Extant literature has established this test as a measure of one’s 

understanding of horizontality (e.g. Liben & Golbeck, 1980; Liben, Kastens, & 

Christensen, 2011; Vasta & Liben, 1996). The task assesses one’s ability to identify a 

stable horizontal axis in spite of a conflicting visual environment (Kastens & Liben, 

2007). Researchers have found that participants who perform poorly on the Water Level 

Test also struggle on other science-related tasks involving understanding horizontals and 

verticals, such as measuring the strike and dip of a bedding plane (e.g. Liben, Christensen, 

& Kastens, 2010; Liben, Kastens, Christensen, 2011).  

Since using a topographic map requires understanding the conventions of contour 

lines, and contour lines represent horizontal planes of equi-elevation terrain, high scores 

on the Water Level Test may indicate a better understanding of the significance of 

contour lines. Furthermore, the models used during instruction in the 3D Visualization 

group made visually salient that contour lines represent horizontal planes, as they were 

constructed by stacking planar pieces of Play-doh instead of by molding one smooth 

piece of material. Therefore, those women with high Water Level Test scores may have 

been more successful at aligning the planar information on the map to the planes shown 

in the models, and thus benefitted more from the 3D visualization instruction. Future 

research should address whether Water Level Test scores predict topographic map 

understanding after 3D visualization training with smooth, molded models, or whether 

Water Level only predicts performance for stacked planar models such as the ones used 

here.  
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In addition to an understanding of horizontality, performance on the Water Level 

Test is also indicative of one’s ability to separate relevant from irrelevant information. 

The task requires participants to draw the position of liquid in partially filled, tipped 

bottles. One needs to use distal or cognitively constructed horizontals and verticals (e.g. 

wall intersections or an imagined grid) to appreciate the liquid’s invariant horizontality 

while ignoring the “non-orthogonal proximal frame of reference provided by the 

container’s sides” (Liben, Kastens, & Christensen, 2011, pp. 47-48). Similarly, for the 3D 

Visualization training to be effective, one needs to be able to separate, or disembed the 

meaningful contour patterns on a topographic map, and ignore the extraneous information 

before trying to visualize the relevant structures in 3D. Thus, participants who were 

successful at ignoring the tilted sides of the bottles in the Water Level Test were also 

better at disregarding the irrelevant information, the extraneous contour lines, on a 

topographic map, allowing more cognitive resources to be directed at the 3D 

visualization part of the task.  

In the Pattern Identification group, Water Level Test performance did not predict 

topographic map comprehension. Since instruction for this group focused on learning 

how to disembed meaningful contour patterns, participants’ pre-existing skills in 

separating relevant from irrelevant information did not matter. Furthermore, tracing each 

of the contour lines within a contour pattern made visually salient that each contour line 

represents a piece of terrain. For example, when explaining that a bulls-eye pattern 

represents a hill, tracing the inner closed contour in relation to the outer closed contours 

and comparing their relative elevations emphasized that each contour line represents a 

planar slice of the earth with a different elevation. As the horizontal characteristics of 
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topographic maps were emphasized during instruction, participants’ pre-existing 

understanding of horizontality also did not matter.  

Participants with more previous map experience showed better understanding for 

topographic maps after receiving the pattern identification instruction. Having experience 

using maps, both planimetric and/or topographic, may mean better skills in “semantic 

interpretation” (Blaut, McCleary, & Blaut, 1970). One important cognitive process in 

map reading is the differentiation of cartographic or pictographic symbols and the 

understanding that they refer to real 3D counterparts (Bluestein & Acredolo, 1979). 

Having previous experience in using maps implies knowledge and experience with these 

map-using principles. Those students who have used maps before may have had less 

trouble understanding how groups of contour lines can represent topographical structures 

in the natural world. Having overcome the inclination to think of each line individually, 

these students learned the patterns more easily, and thus showed better skills for 

topographic map use after instruction. More research is required to fully understand the 

relationship between these different participant characteristics and the effectiveness of 

different types of training. 

Here, we showed that learning to disembed contour patterns is an effective way 

for women to start learning how to use topographic maps. What is unclear is whether this 

strategy will lead to expert-level performance in the future. Whether learning to identify 

meaningful contour patterns as a novice will lead to processing contour information in 

3D as noted by Eley (1981, 1983), is still an open question. As the pattern identification 

instruction used here focused solely on learning three simple but meaningful 2D contour 

patterns, we also do not know if it will support or hinder the development of students’ 3D 
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thinking skills. For example, a common error novices make when trying to solve geologic 

block diagrams is believing that the pattern they see on one face of the block extends all 

the way through the rest of the block (Kali & Orion, 1996). Perhaps focusing on 2D 

patterns when first learning to use topographic maps will reinforce similar types of errors, 

such as mistaking the shape of the contour lines to mirror the shape of the terrain (Clark 

et al., 2008). Longitudinal studies are required to investigate if pattern identification 

training leads to expert-type thinking in the future.   

One obvious difference between experts and novice topographic map-users is that 

experts have had more experience with using topographic maps. Research on perceptual 

learning shows that the more experience one has with a task, the deeper the level of 

processing (Rosch et al., 1976; Tanaka, Curran, & Sheinberg, 2005). For example, one 

who is new to bird watching will identify a feathered animal at the basic level of “bird, ” 

whereas an expert will identify the same animal as a “sparrow.” Furthermore, the 

knowledge that comes from having large amounts of experience allows an expert to 

identify common species of sparrow across a broader spectrum of viewing conditions 

than the novice, and makes her better at distinguishing never-before-encountered species 

(Gauthier, Williams, Tarr, & Tanaka, 1998; Tanaka, Curran, & Sheinberg, 2005). Though 

expert-level processing is generally a result of much experience, Biederman and Shiffrar 

(1987) found that teaching novices to identify and focus on the right types of information 

can shorten the time and experience it takes for a novice to reach near expert-level 

discrimination performance. In their study, novices who received pattern identification 

instruction for chicken sexing were just as accurate as experts on this task (Biederman & 

Shiffrar, 1987). An open question is whether teaching novices to identify meaningful 
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contour patterns will boost their topographic map understanding to the expert-level in the 

future. 

Lastly, we do not know if an identifying-meaningful-contour-patterns strategy for 

learning to use topographic maps can be applied to learning more complex topographical 

structures and contour patterns (e.g. interlocking spurs). It is possible that as the 

complexity of the structures and patterns increases, students are unable to retain the 

information, making this strategy ineffective. Future research should investigate whether 

learning to disembed patterns is effective for more complex topographical forms.   

 In conclusion, we have found that identifying meaningful patterns of contour lines 

is an effective method for novices to learn how to use topographic maps. What we 

learned from this study could have implications for novices in other STEM disciplines. 

Many diagrams and representations in STEM convey 3D information in a 2D format (e.g. 

Alles & Riggs, 2011, Rapp, et al., 2007). Furthermore, many of these diagrams represent 

one dimension of information using symbols or specific conventions. Topographic maps 

are one specific example of a “z-convention” diagram. Novices struggle to understand 

and interpret these diagrams (Ishikawa & Kastens, 2005; Liben & Titus, 2012; Stieff, 

2011). Our study suggests that to facilitate understanding, critical 2D patterns 

representing 3D information should be highlighted, teaching students to recognize 2D 

conventions that convey 3D information before trying to visualize what these diagrams 

represent. Future research should investigate whether learning to disembed meaningful 

information is a strategy that can be applied when learning to utilize other complex 

spatial diagrams, such as Newman diagrams in organic chemistry or blueprints in 

architecture. Identifying patterns is useful when learning to decipher complex spatial 
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diagrams, thus integrating this strategy in STEM classrooms may be beneficial for 

students’ diagrammatic reasoning skills overall.  
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APPENDIX A 

MAP EXPERIENCE SURVEY 

1) Do you like to hike or camp (yes/no)? 
 
 
 
 

2) Rate your experience with topographic maps:  

No experience  1 2 3 4 5 6 7 A lot of 
experience 
 
 

3) Do you have any experience with, or a course on orienteering? 

 
 

4) Have you ever taken a geology, geography, or geosciences course? If so, please 
provide the course name and whether topographic maps were taught or used. 
 
 
 
 

5) Rate your experience with maps in general: 

No experience  1 2 3 4 5 6 7  A lot of 
experience 
 
 

6) Rate how much you enjoy looking at, reading, or using maps in general: 

No enjoyment  1 2 3 4 5 6 7  A lot of 

enjoyment 
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APPENDIX B 

 “INTRODUCTION TO TOPOGRAPHIC MAPS” HANDOUT 

How do we display the height of mountains, the depths of river valleys, and the 

three-dimensional surface of the world using a map?  One method is through topographic 

maps (also known as contour maps), which are two-dimensional representations of 

portions of the three-dimensional surface of the earth. Topography is the shape and 

structure of the land surface, and topographic maps help represent that complex land 

surface on a map depiction. Topographic maps are important tools for geologists, hikers, 

and the military, to name a few groups, because they show the configuration of the 

earth’s surface as a display that can be read and used like any other map. Cartographers 

who design these maps solve the problem of representing a three-dimensional land 

surface on a flat piece of paper by using contour lines to which can be interpreted as 

elevations, gradations, slopes, and height/depth. As with most regular maps you use, 

topographic maps are shown as an aerial view of the terrain they depict.  

Topographic maps are used for many purposes, including 1) to locate yourself in 

your environment by matching the terrain features around you to what you see on the 

map; and 2) to visually represent terrain allowing individuals to make inferences about 

the underlying geologic processes that might have occurred to make the terrain that way. 

Experts have a lot of practice using topographic maps in real environments that have 

complex terrain features; but the rules that apply to very simple maps also apply to 

complex ones.  

There are a few things you need to know about topographic maps before you are 

able to interpret them. First, each contour line represents one specific elevation. If you 



! 52 

were to walk along a contour line in an environment, your elevation would not change. 

Second, moving from one line to an adjacent line changes your elevation by the same 

amount every time. That change in elevation is called the contour interval, and it’s the 

same within each map whenever you move from one line to an adjacent one. If you were 

to walk from one contour line to the next in an environment, you would be walking uphill 

or downhill. Look at the picture below and try to understand how contour maps are 

constructed, and why these two rules apply. You will notice on some maps that each 

contour line has a number; that number labels the elevation of that contour line, and 

hence, its elevations on the surface that the map represents. These numbers are useful for 

determining whether adjacent contour lines convey elevation increases or decreases. 

Sometimes the numbers are not on contour maps. In those cases, you have to decide 

whether the terrain rises or falls.  
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APPENDIX C 
 

PRACTICE PROBLEMS 
 

  
 
Practice Problem 1. Prompts for both the 3D Visualization group and the Pattern 
Identification group are provided below.  
 
 3D Visualization Group:  

a) Can you point to the structure represented in the center of this map?  
b) Can you make the gesture and indicate the model that goes with this 

topographic map pattern?  
Pattern Identification Group:  

a) Can you point to the structure represented in the center of this map?  
b) Can you tell me the structure that goes with this topographic map 

pattern?  
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Practice Problem 2. Prompts for both the 3D Visualization group and the Pattern 
Identification group are provided below.  
 
 

3D Visualization Group:  
a) How many hills do you see in this topographic map? 
b) Pretend that you are standing at A, and I am standing at B. Using 

gesture to help you, can you tell me if you would be able to see me 
from where you are standing?  

Pattern Identification Group:  
a) How many hills do you see in this topographic map? 
b) Pretend that you are standing at A, and I am standing at B. Using 

gesture to help you, can you tell me if you would be able to see me 
from where you are standing?  

.!B!

.!A!
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Practice Problem 3. Prompts for both the 3D Visualization group and the Pattern 
Identification group are provided below.  
 

3D Visualization Group:  
a) Can you point to the structure represented in the center of this map?  
b) Can you make the gesture and indicate the model that goes with this 

topographic map pattern?  
Pattern Identification Group:  

a) Can you point to the structure represented in the center of this map?  
b) Can you tell me the structure that goes with this topographic map 

pattern?  
!
!
!
!
!
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Practice Problem 4. Prompts for both the 3D Visualization group and the Pattern 
Identification group are provided below.  
 

3D Visualization Group:  
a) Can you point to the structure represented in the center of this map?  
b) Can you make the gesture and indicate the model that goes with this 

topographic map pattern?  
Pattern Identification Group:  

a) Can you point to the structure represented in the center of this map?  
b) Can you tell me the structure that goes with this topographic map 

pattern?  
 
!
!
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Practice Problem 5. Prompts for both the 3D Visualization group and the Pattern 
Identification group are provided below.  
 

3D Visualization Group:  
Using gestures, can you show and tell me about the elevation change on 
the right side of the hill versus the left of the hill?  

Pattern Identification Group:  
While imagining the structure, can you tell me about the elevation change 
on the right side of the hill versus the left of the hill?  
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APPENDIX D 

TOPOGRAPHIC MAP ASSESSMENT 

 

!
!
 
Item 1. The contour interval for this map is 100 ft. Imagine you had to walk to get from 
point A to point B, and wanted to do so as easily as possible.  Sketch the route you would 
build, and explain why you chose that particular path. 
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!
 

Item 2. Imagine there is a stream that connects the circle and the square.  In which 
direction would the water flow?  Why? Please draw the path the stream would take. 
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Item 3. The contour interval on this map is 20 feet.  One person is standing at each point 
on the map.  Please answer (Y/N)  the following questions about whether the people 
standing at two points can see each other.  Assume they are able to use binoculars. Also 
assume there is no vegetation.  
 

! A and B. 
 

! A and D. 
 

! B and C. 
 

! C and D. 
 

! B and D. 
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!
 
Item 4. The contour interval for this map is 40 feet. What is the elevation at point A? 
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Item 5. Imagine Josh traveled on foot from point A to point B, and Amy traveled on foot 
from point C to point D. Who walked up a steeper slope? Why did you choose the answer 
you did? 
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!
!
Item 6. What is the contour interval on this map?  That is, how much does elevation 
change moving from one line to another? 
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!
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Item 7. Which hill is higher: A or B? 
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Item 8. Which of the following views best represents what someone would see standing 
at the start of the arrow and facing in that direction?!
 
 
!
!
  



! 66 

!
 
Item 9. Imagine Josh traveled on foot from point A to point B, and Amy traveled on foot 
from point C to point D. 
- Who walked up a steeper slope?  How can you tell? 
 
 

! Who traveled a greater vertical distance?  How can you tell? 
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!
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Item 10. Imagine there is a stream that connects the circle and the square.  Please draw 
the path you believe the stream would follow.  In addition, clearly mark the direction you 
believe the water would flow, and why. 
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Item 11. Imagine there is a stream that connects the circle and the square.  Please draw 
the path you believe the stream would follow.  In addition, clearly mark the direction you 
believe the water would flow, and why. 
 
Finally, do you think the water would flow faster near the circle, or near the square?  
Why? 
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Item 12. Imagine there is a stream that connects the circle and the square.  Please draw 
the path you believe the stream would follow.  In addition, clearly mark the direction you 
believe the water would flow, and why. 
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!
Item 13. Which elevation profile (below) matches the cross-section of the line AB 
(above)? 
!

!
A!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B!A! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B!
!

!
A! ! ! ! !!!!!!!!!!!!B!A! ! ! ! ! !!!B!
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!
!

Item 14. Which elevation profile (below) matches the cross-section of the line AB 
(above)? 
 

!
A! ! ! ! ! !!!!!!B!A!! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!B!
!

!
A! ! ! ! ! !!!!!!B!!A!! ! ! ! ! !!!B!
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!

!
 
Item 15. Imagine you see the view of the picture above. Circle the arrow on the map that 
indicates where and which direction you think you are facing.  
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!
!
Item 16. Imagine you see the view of the picture above. Circle the arrow on the map that 
indicates where and which direction you think you are facing.  
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!
 
Item 17. You are standing at the square, but you want to get to a place (on the map) 
where you would be able to see a small lake at the circle. Assume there is no vegetation.  
Please draw a line from the square to another place on the map that indicates the route 
you would take to a spot where you can see the circle. Explain below, why you chose the 
spot as well as the route to get there: 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!
 
 
Item 18. Imagine you see the view of the picture at top. Circle the arrow on the map that 
indicates where and which direction you think you are facing. 
 



! 76 

APPENDIX E 
 

CERTIFICATION OF APPROVAL FOR A PROJECT INVOLVING HUMAN  
 

SUBJECTS 
 

Office for Human Subjects Protections
Institutional Review Board

Medical Intervention Committees A1 & A2
Social and Behavioral Committee B
Unanticipated Problems Committee

Student Faculty Conference Center
3340 N Broad Street - Suite 304
Philadelphia, Pennsylvania 19140
Phone: (215) 707-3390
Fax: (215) 707-9100
e-mail: irb@temple.edu

 
Certification of Approval for a Project Involving Human Subjects

 
Protocol Number: 11628

PI: SHIPLEY, THOMAS

Review Type: EXPEDITED

Approved On: 21-Nov-2013

Approved From: 21-Nov-2013

Approved To: 20-Nov-2014

Committee: B BEHAVIORAL AND SOCIAL SCIENCES

School/College: LIBERAL ARTS (1800)

Department: CLA:PSYCHOLOGY (18110)

Sponsor: Temple University

Project Title: Insights into Solutions of Mental Transformations

--------------------------------------------------------------------------------------------------------------------------------------

The IRB approved the protocol 11628.

If the study was approved under expedited or full board review, the approval period can be found above. Otherwise, the
study was deemed exempt and does not have an IRB approval period.

Before an approval period ends, you must submit the Continuing Review form via the eRA module. Please note that
though an item is submitted in eRA, it is not received in the IRB office until the principal investigator approves it.
Consequently, please submit the Continuing Review form via the eRA module at least 60 days, and preferably 90 days,
before the study's expiration date.
Note that all applicable Institutional approvals must also be secured before study implementation. These approvals
include, but are not limited to, Medical Radiation Committee (“MRC”); Radiation Safety Committee (“RSC”);
Institutional Biosafety Committee ("IBC"); and Temple University Survey Coordinating Committee ("TUSCC"). Please
visit these Committees’ websites for further information.

Finally, in conducting this research, you are obligated to submit modification requests for all changes to any study;
reportable new information using the Reportable New Information form; and renewal and closure forms. For the complete
list of investigator responsibilities, please see the Policies and Procedures, the Investigator Manual, and other
requirements found on the Temple University IRB website: http://www.temple.edu/research/regaffairs/irb/index.html

Please contact the IRB at (215) 707-3390 if you have any questions

 


