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ABSTRACT 

This study was conducted with two goals in mind: to increase the understanding 

of the characteristics of mental representations of space and to investigate individuals’ 

subjective experience of learning space. Three experiments were conducted to investigate 

(1) whether mental representations of space evolve from being perspective-dependent to 

perspective-free as learning of space increases, (2) whether individuals can accurately 

judge how well spatial information has been learned and (3) whether gender differences 

in mental representations of space exist, in particular as a function of  the amount of 

information contained in the input. 

 Participants acquired spatial information from a variety of input: maps and 

descriptions (Experiments 1 and 3) and descriptions written from different perspectives 

(Experiment 2). To monitor the development of mental representations, in Experiments 1 

and 2 participants were given more than one study trial to acquire the information. 

Measures of memory recall and ability to use the information learned were collected to 

help understand the development of mental representations over time. Judgments of 

learning were collected and used to investigate the subjective feeling of learning of 

spatial information. Absolute accuracy judgments were computed to help understand to 

what degree individuals are able to monitor the learning process.  

No evidence supporting changes in the perspective of mental representations as 

learning progresses emerged from the studies. Individuals were more confident when 

learning from input with which they were more familiar, that is, maps and descriptions 

from a route perspective. Monitoring of learning of spatial information was easier when 
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learning occurred from maps. When the study material contained more information than 

necessary, confidence judgments and learning performance were hindered. Finally, no 

gender differences in mental representations, subjective feeling of learning, and absolute 

accuracy judgments emerged. 
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CHAPTER I 

INTRODUCTION  

Humans experience space every day in a variety of different situations and 

through different means. For example, when planning a trip to an unfamiliar city, we are 

likely to consult maps before booking our accommodations, in order to make sure that the 

hotel is in a convenient location with respect to the areas that we are going to visit. A 

friend, who has already visited the city and stayed at the same hotel, might give us a 

description of the route that we have to travel to reach the hotel from the airport, maybe 

enriched by the pictures that he or she took during the visit. Alternatively, we could use 

services such as Google maps that compute routes from one location to another to have 

an idea of the route to take and of the distances that we will have to travel. So far, our 

experience with the new environment has been only indirect, that is, by means of 

representations of the space, and from a survey perspective. Space is learned from a 

survey perspective when the observer experiences space from a point of view that is 

external to the space, like in the case of a bird’s-eye view of the environment. During our 

trip, once we land at the airport, we can use both maps and our friend’s description to 

find our way to the hotel. At this point, while we are actually traveling from one location 

to another, we are adding knowledge from our personal and direct experience to the 

indirect knowledge of space that we had developed before the trip. We are now 

experiencing space directly from a route perspective, i.e., a situation in which the 

observer is at ground level, within the space that is being experienced.  
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This simple example of interaction with space shows how knowledge of a certain 

environment can result from both a direct (as in the situation in which we actually move 

in an environment) and an indirect experience (like when we consult maps, watch a video 

or a slide presentation, or listen to or read a description of the environment itself) with the 

space.  

Spatial cognition researchers are interested in investigating the processes that are 

operating during the acquisition of spatial knowledge, for example what elements are 

learned and retained and which type of mental representation is developed. They have 

also tried to compare different modalities of learning, such as learning from a map or 

from a description or from navigation of the space, in order to investigate whether 

differences can be found in our knowledge of space depending on the learning process 

itself. Table 1 provides an overview of the different means by which spatial knowledge 

can be acquired.  
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Table 1: Direct and indirect ways in which spatial knowledge can be acquired. 
 

Input type Sample references 

Direct experience   
 Navigation, wayfinding Garden, Cornoldi and 

Logie (2002) 
Indirect experience   
    
2D representations 

  

 Maps, diagrams, paths Bryant and Tversky 
(1999); MacFadden, 
Elias, and Saucier (2003) 

 Photographs, slide presentations, 
videos 

Schwartz (2006) 

3D representations   
 Models Bryant and Tversky 

(1999) 
Descriptions     
 Written or oral Pazzaglia and De Beni 

(2001) 
 Survey or route perspective Taylor and Tversky 

(1992) 

 

Mental Representations of Space and their Characteristics  

Although spatial information can be acquired in many different ways and by 

means of a wide variety of different inputs, the end product of the learning process is 

assumed to be some type of mental representation (see for example Taylor & Tversky, 

1992). The specific nature of the spatial representation developed after learning spatial 

information, its characteristics and its contents have been investigated by many different 

researchers. One finding that seems to be common is relative to the correspondence 

between the input from which the environment has been learned and the characteristics of 

the corresponding mental representation. It appears that there is no one to one 

correspondence between the input and the mental representation (Tversky, 1993).  
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Whether mental representations of an environment present different characteristics 

depending on the type of input from which they were learned has been extensively 

studied. One characteristic that has been investigated and that is particularly relevant for 

this study concerns whether the perspective, survey, or route from which the environment 

is learned is encoded in its mental representation and whether this changes depending on 

the nature of the input from which learning occurs. A route perspective is characterized 

by an egocentric reference frame, i.e., a situation in which location of targets are coded 

relative to the observer, such as what happens when navigating a space or when reading a 

description of a route written so that everything is described relative to the person reading 

the description. A survey perspective is characterized by coding distances relative to 

other objects present in the description, such as what happens when consulting a map or 

when reading a description formulated from bird’s eye view. 

A review of the studies investigating whether mental representations of space are 

perspective dependent reveals contrasting findings. Part of the evidence indicates that the 

perspective from which the environment is learned is maintained in the mental 

representation. If this is the case, the mental representation is said to be perspective 

dependent. For example, Thorndyke and Hayes-Roth (1982) found that when learning an 

environment from a map (survey perspective), participants had better performance on 

measures tapping into survey type of representations, such as pointing to unseen locations 

and distance estimation. When the same environment was learned from direct navigation 

(route perspective), participants had better performance on measures tapping into route 

type representations, such as route distance estimation and recognition of locations. 
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Similar results were found by Taylor, Naylor and Chechile (1999) and  Perrig and 

Kintsch (1985).  

Although the results just described support the idea that spatial mental models 

developed after experiencing a space are perspective dependent, other studies provide 

evidence for perspective independence of mental representations. For example, Taylor 

and Tversky (1992) had participants learn an environment from descriptions formulated 

either from a route or from a survey perspective. In order to understand the nature of 

mental representation developed, participants were then asked to answer verification 

questions both from a route and from a survey perspective. The idea was that if the 

mental representation developed was perspective dependent, then participants should 

have been better at verifying inference questions formulated from the same perspective 

from which the environment was learned. The fact that performance in answering 

inference questions was found to be equivalent for route and survey questions supports 

the hypothesis that spatial mental models are abstract types of representations that do not 

include an encoding of the perspective from which the environment is learned. 

Thorndyke and Hayes-Roth (1982), in the same experiment described above, found that, 

after the participants were extensively exposed to the environment and participants’ 

familiarity and experience with the environment increased, perspective-dependence was 

no longer present.  

Lee and Tversky’s (2001, 2005) studies are particularly useful in trying to make 

sense of this contrasting literature. In both studies participants exposed to route or survey 

perspective descriptions had equivalent performance for responses to inference questions 
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from both route and survey perspectives. These findings, indicating that the final mental 

spatial representation is perspective independent, support Taylor and Tversky (1992). 

However, perspective independence might not be present during the construction of the 

mental representations, as indicated by the fact that if the perspective from which the 

description is written is switched while participants are reading it, reading times slow 

down. According to the authors, the fact that reading times slow down when perspective 

is switched indicates that participants have problems integrating the information 

presented from the new perspective with the information acquired from the old one. In 

other words, during processing of the description, the perspective from which the 

description is presented is included in the mental representation and for this reason, when 

the perspective is switched, participants have problems integrating the information 

presented from a new perspective with the current mental representation. Overall, these 

findings indicate that mental representations of a space are perspective dependent while 

they are being built, however, as the learning of the environment progresses, mental 

representations become perspective independent.  

The results of those studies in which participants have been found to develop 

perspective dependent mental representations can be reinterpreted according to Lee and 

Tversky’s (2001; 2005) findings; once learning of the environment is extensive and the 

environment is well learned, the resulting mental representation is perspective 

independent. However, while it is being constructed, the mental representation is likely to 

be perspective dependent. Thus, it is possible that, in those studies in which perspective 

dependent mental representations were found, participants were not allowed sufficient 
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time to learn the environment. On the contrary, perspective free mental representations 

indicate that learning of the environment is extensive and complete. This account is in 

agreement both with Lee and Tversky’s (2001; 2005) findings and with the results 

obtained by Thorndyke and Hayes-Roth (1982): When perspective dependence of the 

mental representation was found, it was probably due to the fact that the representation 

was not built completely because of limited learning. However, as the knowledge of the 

environment became more complete, the mental representation became perspective-free. 

According to Tversky, perspective-free representations are developed when the right 

level of abstraction is reached (Tversky, 1993).  

When it comes to considering the type of input from which an environment has 

been learned, time to build a mental representation seems to be a major factor. A series of 

studies provides evidence for the fact that maps, visual in nature, have a learning 

advantage over verbal material (Pazzaglia & De Beni, 2001; Zimmer, 2004). This could 

indicate that, although there is evidence that learning an environment from different 

modalities results in similar mental representations in terms of the perspective encoded in 

the representation, the time and effort taken to reach such level of mental representation 

could differ depending on the modality through which the environment is learned. For 

example, experiencing space through textual descriptions could be more difficult than 

experiencing it through maps. 

One of the goals of this research is to further investigate the issue of perspective 

dependence of the mental representation. In particular, I will test the hypothesis that 

mental representations are perspective dependent when learning first begins and that, as 
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learning progresses, mental representations become perspective-free. Moreover, by 

having participants learn an environment by means of different types of input, I will be 

able to see whether this happens independently of the type of input. 

Landmarks in Mental Representations of Space and in Route Direction 

Researchers have found landmarks to be elements contained in mental 

representations of space (Deyzac, Logie, & Denis, 2006) and also elements that aid the 

individual in building mental representations of space (Nothegger, Winter, & Raubal, 

2004; Lee & Tversky, 2005). Although it is difficult to find in the literature a universal 

definition of landmark, one that seems commonly accepted is provided by Sorrows and 

Hirtle (1999). According to them, any element that is present in the environment, that is 

external to the observer and that serves to define the location of other objects or locations 

has the potential of being a landmark. More importantly, for an element to be a landmark, 

some kind of differentiation between that particular element and the surrounding 

environment has to be present (Klippel & Winter, 2005). The fact that landmarks have a 

special cognitive status when it comes to acquiring spatial information can be inferred 

from the fact that references to landmarks of different types are always present in route 

directions (Ward et al, 1986). This indicates that mental representations of space do 

contain landmarks and that individuals are somehow aware of their importance when it 

comes to helping others learn a certain space. In fact, researchers have found that 

landmarks aid navigation by identifying decision points where navigational decisions, 

such as changes of direction along the route, are made, make it possible to identify origin 
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and destination of the route, and provide verification of route progress (Daniel & Denis, 

2004; Sorrows & Hirtle, 1999). 

The spatial cognition literature also provides some evidence for the fact that 

landmarks might be used differently by men and women: Gwinn, Fernando, James, and 

Wilson (2002) found that men learned a route from a map containing landmarks faster, in 

fewer trials, and making fewer errors than women. On the contrary, no differences due to 

gender were found in route learning when the map did not contain landmarks. Along the 

same line, MacFadden, Elias, and Saucier (2003) found that, although men and women 

paid attention to the same elements when learning a route from a map, they produced 

descriptions of the route that differed for the elements included: Men included more 

Euclidean distance and cardinal directions information whereas women included more 

landmarks and descriptions of landmarks. This could either indicate that the mental 

representation that was formed after learning was the same for men and women but the 

output produced was different or the elements present in the map were used in different 

ways to build its mental representation. 

These findings could be indicative of gender differences in how landmarks that 

are present in an environment are used to build its mental representation. Men could use 

landmarks as a starting point to derive distance and direction estimates, whereas women 

could pay more attention to landmarks but only in terms of labeling and memorizing 

them. The problem with women’s landmark use is that simply remembering landmarks is 

not necessarily a good thing in terms of development of a mental representation. The 

effort to remember landmarks could actually cause an increase in the processing load 
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during learning and, consequently, be responsible for disruption in the learning process 

itself. Thus, women could actually remember more landmarks but if such landmarks are 

not used properly to build a mental representation, then the route directions produced by 

women could eventually be more difficult to follow than the ones produced by men.  

Another goal of this study is to examine the role of landmarks and the gender 

differences in landmark use. In particular, in this study I will investigate whether 

individuals are able to learn spatial information equally well, independently of how much 

information is available. The amount of information will be varied by including different 

number of landmarks in the maps and descriptions from which route are learned. Also, I 

will consider whether gender difference in spatial learning and performance exist.  

The Subjective Feeling of Learning Space 

In spite of the extended research aimed at investigating how space is learned and 

the characteristics of the corresponding mental representations, a topic that the spatial 

cognition literature does not address concerns the individuals’ subjective experience of 

learning a certain space. In particular, it would be important, especially in terms of 

developing the right aids to acquire spatial information, to have a better idea of whether 

individuals can judge how well a certain space has been learned.  For example, after 

consulting a map, do individuals think that they will be able to remember the information 

contained in it and to use the information to navigate the environment itself? Also, do 

individuals think that learning a space from a map is the same as learning the same space 

by means of a verbal description in terms of future performance? Further goal of the 

proposed research is to answer these questions. However, since this is a new area of 



Texas Tech University, Sara Girotto, August 2012    
 

11 
 

investigation when it comes to spatial information, the methodology used will have to be 

borrowed from the area of metacognition. Researchers interested in metacognition, in 

fact, have tried to answer similar questions related to how well individuals think they 

have learned certain material. In their case the to-be-learned materials ranged from lists 

of paired associates to expository texts. The next section contains a brief description of 

the methodology used in the metacognition literature with emphasis on the aspects that 

are going to be relevant to the proposed research. 

Judgments of Learning (JOLs) and the Underconfidence with Practice Effect 

(UWP) 

Metacognitive researchers are interested in understanding the processes of 

monitoring and control that occur during learning. Although an objective measure of the 

actual learning can be obtained by means of testing procedures, processes taking place 

during learning are not directly observable. The JOL methodology has been developed 

with the specific purpose to allow insights of such processes. This is obtained by asking 

people to make judgments about how well they think a certain item has been learned. 

JOLs allow us to understand whether individuals are actually aware of how much, or how 

little, they know before they are tested. Experiments investigating metacognitive 

processes follow a fairly standard procedure. First participants have to learn stimuli, 

which can range from a list of individually presented paired associates to a short text. At 

the end on each study trial, they are asked to produce judgments of learning (JOLs) about 

how likely they will be to remember (or to answer correctly questions about the material) 

at later test time. Finally, testing of the learned materials takes place. Although JOLs 
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themselves could be of some interest, what researchers are really interested in is the 

relationship between participants’ JOLs and their actual performance at test time. This 

relationship is referred to as accuracy and has been conceptualized in two different ways 

(Dunlosky, Serra, & Baker, 2007): relative accuracy and absolute accuracy. Relative 

accuracy measures how well individuals are able to discriminate between well learned 

and less well learned items (Nelson, 1996). Relative accuracy is assessed by correlating 

JOLs and performance across items (i.e., word pairs, definitions, or texts) for each 

individual. If relative accuracy is high, individuals are very good at discriminating 

between well learned and less well learned items; low relative accuracy, on the contrary, 

is indicative of poor discrimination. More relevant to the present research is absolute 

accuracy, which indicates to which degree the absolute values of the JOLs correspond to 

the actual level of performance observed at test time (Keren, 1991). If perfect 

correspondence is present between JOLs and actual performance, individuals are able to 

correctly predict their performance and have good absolute accuracy. A measure of how 

distant JOLs are from actual performance is obtained by subtracting actual performance 

from JOLs. The resulting signed difference is called bias: A positive difference indicates 

that predicted performance is higher than actual test performance and individuals are said 

to be overconfident. A negative difference, on the contrary, indicates that predicted 

performance is lower than actual test performance and individuals are said to be 

underconfident.  

 Some of the findings in the metamemory and metacomprehension literature is 

particularly relevant when approaching the study of JOLs for spatial information. The 



Texas Tech University, Sara Girotto, August 2012    
 

13 
 

more relevant for the current research is the underconfidence with practice effect (UWP) 

(Koriat, Sheffer, & Ma’ayan, 2002). Koriat (1997) found that giving participants the 

possibility to restudy the list of paired associates that they were supposed to learn did 

increase their JOLs’ relative accuracy but impaired absolute accuracy. Participants 

showed very good absolute accuracy after the first presentation of the to-be-learned 

stimuli, however, after the second presentation, absolute accuracy decreased, indicating 

that JOLs were actually significantly lower than mean recall. Thus, participants’ ability to 

predict future performance became biased after the second presentation, with individuals 

going from good absolute accuracy to being underconfident. These results are 

surprisingly in contrast with what expected: having more than one chance to learn 

specific material should increase and not decrease predictive ability. These findings are 

especially relevant when it comes to learning spatial information, due to the fact that 

individuals trying to learn a certain environment are likely to do so in sessions that are 

temporally separated.  

Use of JOLs Methodology in the Study of Spatial Cognition  

 Although being aware of the processes of control and monitoring that take place 

during learning of spatial information seems important in order to find the best way for 

individuals to acquire this type of knowledge, only one study (Schwartz, 2006) 

investigating spatial metamemory has been conducted. In his study, Schwartz (2006) 

asked participants to learn a route connecting two points in an environment either from a 

map (Experiment 1) or from a written description (Experiment 2). Participants had one 

minute to learn the route and then they were asked to judge how confident they were that 
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they had learned the route. Finally, participants’ objective knowledge was tested by 

means of a recall test. Schwartz found pretty high relative accuracy (.81 in Experiment 1 

and .85 in Experiment 2), indicating that participants were able to correctly discriminate 

between well learned and less well learned items.  

As Schwartz’s (2006) study shows, the JOL methodology could prove helpful in 

the investigation of metamemory and metacomprehension of spatial information. 

Absolute accuracy, for example, could be of particular interest when comparing the 

different types of input from which spatial information can be learned. In particular, by 

computing absolute accuracy it would be possible to understand whether the type of input 

influences levels of over- or under-confidence. Also, the UWP effect is particularly 

relevant when it comes to learning spatial information in study sessions that are 

temporally distant. For example, the UWP effect predicts that, as route directions are 

presented more than once to an individual that is trying to memorize them, the difference 

between judgments and actual performance becomes more negative. Thus, it is important 

to investigate whether the UWP effect applies when learning spatial information and 

whether the effect is the same independent of the type of input from which such 

information is learned. Any knowledge gathered from the application of the JOL 

methodology to spatial information would be useful to better understanding the processes 

occurring during the acquisition of spatial information. Consequently, the way in which 

spatial information is provided to individuals could be improved.  

In addition to the goals previously presented, this study is aimed at gathering 

more information about the processes occurring during the acquisition of spatial 
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information. This will be possible by applying the JOL methodology to learning of spatial 

information. In particular, by computing absolute accuracy, I will consider whether 

individuals’ JOLs accurately match their performance. Also, I am interested in finding 

out whether different patterns are present depending on the type of input from which 

space is learned, on the amount of information available and on the gender of the 

individual learning the environment. Three experiments will be conducted to address the 

issues previously described. 
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CHAPTER II 

EXPERIMENT 1 

 The purpose of the first experiment is twofold: First, I focused on Lee and 

Tversky’s (2001, 2005) findings concerning whether the perspective from which an 

environment has been learned is retained in its mental representation. Lee and Tversky 

(2001; 2005) found that, as learning of an environment progresses, its mental 

representation changes from being tied to the perspective from which it was learned to 

being perspective-free. This process occurs independently of the input from which spatial 

information is acquired. In order to increase our understanding of the processes involved 

in the formation of the mental representation of an environment and whether 

representations do actually become perspective-free as they develop, participants were 

asked to learn a route either from a map or from a written description and tested on their 

knowledge of the route both early and late in learning. Using two different types of input, 

map and written description, allowed verification of whether learning from different input 

causes any differences in the resulting mental representation. As previously mentioned, 

maps present an environment from a survey perspective, characterized by the fact that 

distances between elements in the environment are coded relative to other objects present 

in the description and the individual experiences the environment from a point of view 

that is external to the environment itself (i.e., “East of Main Avenue on the north side of 

Marketplace Drive is the shoe store.”). Route descriptions, on the contrary, present an 

environment from a route perspective, characterized by the fact that the location of 

elements in the environment is coded relative to the observer and individuals experience 
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the environment from ground level, as if they were in the space that is being experienced 

(i.e., “Turn right on Marketplace Drive and on your left you will see the shoe store.”). 

Participants were given a total of four study trials to learn the route. Testing of the 

knowledge acquired by the participants took place after the first study trial and then after 

the remaining three study trials: This protocol allowed tracking changes in participants’ 

knowledge of the route, due to the additional study time. Participants were tested both on 

rote memory of the route learned and on the ability to use the information learned. The 

latter was assessed by means of verification questions, formulated both from route and 

from survey perspective, testing the knowledge of relative locations of landmarks. In 

order to support Lee and Tversky’s (2001, 2005) findings, testing after the first study trial 

should show that participants are better at answering verification statements formulated 

according to the perspective from which the environment was learned. This means that 

statements from a route perspective, such as “The shoe store is on your right when you 

face the toy store from Marketplace Drive”, should be verified more accurately by 

participants who learned the environments from the written description of the route (route 

perspective). On the contrary, participants who learned the route from a map (survey 

perspective) should be better at verifying statements formulated from a survey 

perspective, such as “The toy store is north of Marketplace Drive and east of the shoe 

store.” However, after participants are given more time to study the route, i.e., three more 

study trials, they should be able to answer verification statements formulated from both 

perspectives equally well, independently of the perspective from which the route was 

initially learned. 
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 As above described, participants were tested with both route and survey 

verification questions after the first learning trial. However, such testing may influence 

how they continue to learn the space and, as a consequence, the mental representation 

that is derived. Therefore, in order to observe route and survey learning that is not 

contaminated by previous testing from both perspectives, two other groups of participants 

were included in the experiment. Both groups, one learning the space from a map and the 

other from a written description, were not tested after the first learning trial but only after 

the last one. 

 In addition to the investigation of the relationship between type of input and 

mental representation, Experiment 1 investigated individuals' impressions of their 

learning of spatial information. This was accomplished by applying the methodology of 

JOLs to learning of spatial information. As shown in Figure 1, after some of the learning 

trials, participants were asked to express their confidence about how likely they will be to 

remember the information learned and how likely they will be to use such information to 

successfully reach their destination. The literature (Lee & Tversky, 2001; 2005) suggests 

that the type of input from which learning of spatial information occurs should be 

important on the first trial, but it should not matter by the end of the learning phase. 

Participants’ JOLs could either track that pattern, i.e., differ depending on the type of 

input after the first trial and be equivalent at the end of the learning phase, or, due to the 

facilitation effect that maps produce (Zimmer, 2004), JOLs produced by participants 

learning the environment from a map could always be higher than the JOLs produced by 

the participants learning from a written description.  
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A final issue that has been considered in this experiment is whether individual 

differences have an influence on the development of mental representations and on the 

way in which individuals monitor the acquisition of spatial information. Measures that 

have been found to be related to participants’ spatial ability and could prove useful in 

trying to understand how participants acquire spatial information and form the 

corresponding mental representation were collected by means of a pre-experimental 

questionnaire. In the questionnaire participants were asked to provide information about 

their preference in the use of hands for specific activities, knowledge of foreign 

language(s) and musical experience. There is evidence to believe that individuals with 

these characteristics show differences in spatial learning. By collecting these measures it 

was possible to explore if spatial learning is different for individuals possessing these 

characteristics. Left-handed individuals activate the brain’s right hemisphere, which is 

involved in spatial processing. Thus, left-handed individuals could be better with maps 

than with written descriptions. Bilingualism, on the other hand, has been linked to 

advantages in some type of spatial processing. Individuals that know more than one 

language could be better at learning from route descriptions than from maps. Individuals 

with musical experience show good spatial mapping when positioning their fingers when 

playing an instrument. Individuals with musical experience could have a bias towards 

learning from maps. To get a better insight on how individual differences influence 

learning of spatial information and monitoring of its acquisition, the measures collected 

in the pre-experimental phase were correlated with the measures of learning and memory 
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of spatial information and with the metacognition measures. The specific hypotheses 

tested in Experiment 1 are described in detail in the following section.  

 
Group 1 (Map):                                                      Group 2 (Map): 

Trial 1: Study Time => JOLs => Tests                  Trial 1: Study Time 

Trial 2: Study Time             Trial 2: Study Time 
Trial 3: Study Time                                                Trial 3: Study Time 
Trial 4: Study Time => JOLs => Tests          Trial 4: Study Time => JOLs => Tests 

 

Group 3 (Description):                                           Group 4 (Description): 

Trial 1: Study Time => JOLs => Tests                  Trial 1: Study Time 

Trial 2: Study Time             Trial 2: Study Time 
Trial 3: Study Time                                                Trial 3: Study Time 
Trial 4: Study Time => JOLs => Tests          Trial 4: Study Time => JOLs => Tests 
 

  

 

Hypotheses  

 The first hypothesis concerns methodological issues. The other hypotheses have 

been grouped according to whether they concern the memory for the route learned or the 

use and mental representation of the route information that has been acquired. For both 

topics, hypotheses relative to judgments of learning will be presented first, followed by 

hypotheses about participants’ actual performance and absolute accuracy. 

Hypothesis 1- Influence of Interpolated Testing 

 Given that one of the main issues addressed in the experiment is how the 

participants’ mental representations change as learning progresses, it is important to 

determine whether interpolated testing influences the mental representation: Can the 

Figure 1: Flow of procedures for Experiment 1. 
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same group of participants be tested early and late during the learning process without the 

testing during learning affecting the learning process itself? In particular, it is important 

to verify whether the same group of participants can be tested after the first study trial 

and after the fifth study trial without such testing having an influence on the dependent 

variables collected. In order to test this, two groups of participants have been included in 

the experiment: one group was tested both early in learning (i.e., after the first study trial) 

and late in learning (i.e., after the fourth study trial), the other group was tested only late 

in learning. The former group will be referred to as early-late testing group whereas the 

latter will be referred to as late only testing group. These two groups represent the two 

levels of an independent variable which is referred to as the testing variable. To 

determine whether interpolated testing does have an impact on how the environment is 

learned, performance after the last study trial on the dependent measures collected 

(memory for the route, ability to verify true-false statements, JOLs for memory of the 

route and JOLs for ability to use the information acquired) will be compared for the late 

only testing and early-late testing groups. No interactions between the testing variable 

and the input from which the route is learned are expected. If this prediction is accurate, 

then a within-subjects design will be used in Experiment 2 and the same groups of 

participants will be tested both after the first and after the last learning trial. If, on the 

contrary, the prediction proves inaccurate and interactions between the testing variable 

and the input from which the route is learned are found, then Experiment 2 will have a 

between-subjects design, with separate groups used to manipulate the level of learning. 
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Hypothesis 2: Confidence in Memory for Route 

 Participants’ confidence on how much of the route they will be able to remember 

at later test time is expected to differ depending on the type of input from which the route 

has been learned and on the point during learning at which they are tested. In particular, 

two main effects are predicted: Participants are expected to be more confident in their 

ability to remember the route learned when such route has been acquired from a map 

(main effect of input type) and they are expected to be more confident after the last study 

trial (main effect of test time).  

Hypothesis 3: Memory for the Route 

 Given the map advantage that has been reported in the literature (Zimmer, 2004), 

participants learning the route from a map are expected to have better memory of the 

route itself than participants learning the route from a written description. This is 

expected both after the first and after the last study trial. Also, participants are expected 

to be better at remembering the route after the last study trial than after the first one. 

Hypothesis 4: Absolute Accuracy of Memory Judgments 

 In order to verify to what degree participants’ confidence in their performance at 

later test time corresponds to their actual performance, absolute accuracy of judgments of 

learning will be computed. Absolute accuracy, also called bias, is the signed difference 

between confidence judgments and actual performance. Positive absolute accuracy values 

indicate overconfidence, with confidence judgments higher than actual performance; 

negative absolute accuracy values indicate underconfidence, with confidence judgments 

lower than actual performance. As shown in Figure 2, when it comes to analyzing how 
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participants’ absolute accuracy for memory judgments varies depending on the type of 

input from which the route has been learned and the level of learning, good absolute 

accuracy values are expected after the first study trial, indicating a good correspondence 

between confidence judgments and actual performance at test time. However, after the 

last study trial, absolute accuracy values are expected to show underconfidence, in line 

with the UWP effect previously illustrated: when given a chance to study the materials 

more than once, absolute accuracy decreases, with participants’ judgment being lower 

than actual performance. In particular, participants are expected to show underconfidence 

after the last study trial, with participants studying the route from descriptions being more 

underconfident than participants studying the route from a map.   

 

Figure 2: Expected absolute accuracy of memory judgments as a function of Level of 
Learning and Input type. 
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Hypothesis 5: Confidence in Use of Route Information 

 Like confidence in memory of the route, confidence in ability to use the 

information learned is expected to vary depending on the type of input from which the 

route has been learned, and on the time at which participants are tested. In particular, two 

main effects are expected: a main effect for the input type, with participants being more 

confident in their ability to use the information acquired when learning the route from a 

map, and a main effect for test time, with participants being more confident after the last 

study trial. 

Hypothesis 6: Mental Representation of Route 

 Experiment 1 will also investigate if and how the mental representation of the 

route changes as learning of the route progresses and depending on the type of input from 

which it has been learned. True-false verification statements will be used in order to 

gather information on whether the mental representation developed by the participants is 

perspective dependent. Verification statements presented to the participants have been 

formulated both from a survey and from a route perspective. If the mental representation 

developed by the participants is perspective dependent, then participants should be better 

at verifying those sentences formulated from the perspective from which the route has 

been learned. If the mental representation developed is perspective free, then sentences 

from both perspectives should be verified equally well. Based on Lee and Tversky’s 

(2001; 2005) findings, after the first study trial, the participants’ mental representation of 

the route is expected to be dependent on the perspective from which the route has been 

learned, however, as study time progresses, the mental representation should become 
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more abstract and it should no longer incorporate the perspective from which the spatial 

information has been learned. As illustrated in Figure 3, two main effects are expected: a 

main effect for the type of input from which the route has been learned, with participants 

that learned the route from a map expected to have overall better verification 

performance, and a main effect for test time, with better overall verification performance 

after the last study trial. The main effects are expected to be qualified by a three way 

interaction: after the first study trial, participants that learned the route from the map are 

expected to be better at verifying statements formulated from a survey perspective, 

whereas participants that learned the route from the written description are expected to 

have better performance at verifying statements formulated from a route perspective. 

After the last study trial, no differences in verification performance are expected: 

independently of the type of input from which the route has been learned, participants 

should be able to answer equally well to route and survey verification statements. These 

findings would indicate that the mental representation of the route changes from being 

perspective dependent to being perspective free as learning progresses. 
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 Figure 3: Expected performance on verification statements early (Trial 1) and late (Trial 
4) in learning.    

              

Hypothesis 7: Absolute Accuracy of Use of Route Information 

 When considering the use of route information, absolute accuracy will be 
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when participants are learning the route from a map and answering survey questions and 

when participants are learning the route from a description and answering route 

questions. Overconfidence, i.e., judgments higher than actual performance, is expected 

when participants are answering questions formulated from the perspective from which 

they did not learn the route. After the last study trial, participants are expected to show 

underconfidence, in line with what is predicted by the UWP effect: when given the 

possibility to study the materials more than once, absolute accuracy decreases. However, 

participants learning the route from a description are expected to be more underconfident 

than participants learning the route from a map. This is due to the fact that, after the last 

trial, confidence in ability to use the route information is expected to be higher for maps 

than for descriptions.   
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Figure 4: Expected absolute accuracy of judgments relative to the ability to use route 
information early (Trial 1) and late (Trial 4) in learning.             
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(2004), participants were asked to indicate their gender, date of birth, and information 

about their preference in the use of hands for specific activities, knowledge of foreign 

language(s) and musical experience. 

Descriptions. A descriptive text was prepared for two areas of the same fictitious 

city, River City (Appendix C). The first area described is part of River City’s downtown 

and its description is an adaptation of the one used by Lee and Tversky (2001). The 

second area described is a section of the fictitious campus of River City’s university. This 

description has been completely invented, although modeled strictly following the 

structure of the downtown one. Both descriptions are formulated from a route 

perspective, which entails providing spatial information to the navigator using a viewer-

centered reference system and using terms such as left and right. Each description 

contains references to four intersecting streets and five landmarks. 

Maps. In addition to the textual descriptions, a map has been drawn for each of 

the two environments. The map includes the same streets and landmarks contained in the 

textual description (Appendix C). 

Verification statements. For each environment, twelve true/false verification 

statements were formulated (Appendix C). Six of the sentences are formulated from a 

route perspective (for example: “The shoe store is on your right when you face the toy 

store from Marketplace Drive”) and six from a survey perspective (for example: “The toy 

store is north of Marketplace Drive and east of the shoe store”). Some of the verification 

statements for the downtown area were taken from the ones used by Lee and Tversky 

(2005), the others were formulated using these as a model, in order to make sure that the 
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set of verification statements would be uniform in terms of length of the sentences and in 

the type of language used. 

Procedure 

Participants were tested in small groups (2-6), in a lab setting. As they entered the 

room, they were assigned a seat and asked to wait for the experimenter to give them the 

materials they would be using during the experiment. After all the materials were 

distributed, the experimenter gave them instructions about the experiment at hand. First, 

they were asked to read and sign an informed consent form and to complete the pre-

experimental questionnaire. Immediately following, the actual experiment started and 

participants were asked to study a route connecting two points in a fictitious environment. 

Participants were randomly assigned to one of two conditions: they were asked to learn 

the route either by reading a textual description or by studying a map. Participants were 

given a total of four study trials to learn the route. Each study trial lasted ninety seconds. 

The dependent variables collected included: measures of memory for the spatial 

information learned and ability to use the information learned, and subjective judgments 

about the extent to which such information was likely to be remembered and used. 

Memory and ability to use the route and confidence judgments were assessed at specific 

stages during the learning process: Half of the participants were tested and asked to 

produce subjective judgments both after the first and the fourth (and last) study trial. The 

other half of the participants was tested and asked to produce judgments only after the 

last study trial.  
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To measure memory for the route, i.e., how well participants learned the spatial 

information presented to them, participants were asked to reproduce the route in the same 

format they had learned it; i.e., by writing down the directions, if they had learned the 

route from a textual description, or by drawing the route on a blank sheet of paper, if they 

had learned the route from a map. Memory of the route was considered accurate when 

participants included in their descriptions or maps names and relative locations of the 

streets contained in the map or description, the correct turn from one street to the other, 

and the names and relative locations of landmarks present along the route. For written 

descriptions, one point was assigned for each street and landmark name correctly 

included, for each street and landmark placed in the correct order along the route, and for 

each correct turn from one street to another recalled. Participants were not required to 

recall the exact words of the original description for recall to be considered accurate. For 

maps, one point was assigned for each street and landmark name on the map, for each 

street and landmark drawn in the correct order, and for each correct turn drawn. For both 

written descriptions and maps, half points were assigned when a landmark or a street was 

drawn or mentioned in a description but without being identified with a name or when it 

was identified with a partially correct name. Memory recall scores varied from a 

minimum of zero to a maximum of 27.5. 

Immediately after measuring memory for the route, ability to use the route 

information learned was assessed by means of true-false verification statements. Four 

statements per route learned, two from a route perspective and two from a survey 

perspective, were presented to participants in random order. Participants were instructed 
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to circle the word true if they believed the statement to be correct and false if they 

believed the statement was incorrect. The total number of statements correctly verified 

established participants’ ability to use the route information just learned, with four being 

the highest possible verification score when two route and two survey statements were 

correctly verified. The order in which the recall test and the verification statements were 

presented to the participants was always the same: first, memory for the route was 

measured; then, ability to use the information learned to reach the destination was 

assessed. 

During the study trials in which memory and ability to use the information 

learned were measured, judgments about the extent to which the spatial information 

learned is likely to be remembered and used were also collected. The judgments were 

prompted right after study time and before the memory recall and verification statements 

tasks. Participants were asked to make two types of judgments: first they judged how 

much of the route they thought they were going to be able to remember at later test time, 

then they judged how likely they thought they were going to be able to use the 

information learned to reach the target destination. These judgments were prompted by 

the following two statements: “Please, assess on a scale from 0 to 100 your confidence 

that you can remember the route. If you are not confident at all that you can remember 

the route, you may choose 0 – not confident at all. If you are completely confident that 

you can remember the route, indicate that with 100. You may also choose any number 

between 0 and 100 to express less than complete confidence in your memory or lack of 

it” and “Please, assess on a scale from 0 to 100 your confidence that you can use the 



Texas Tech University, Sara Girotto, August 2012    
 

33 
 

route that you just studied to reach the destination point. If you are not confident at all 

that you can use the route to reach the destination, you may choose 0 – not confident at 

all. If you are completely confident that you can use the route to reach the destination, 

indicate that with 100. You may also choose any number between 0 and 100 to express 

less than complete confidence in your ability to reach the destination using the route just 

studied.” 

All participants repeated the procedure described for two different routes, located 

in two different environments. The order in which the two environments were presented 

to the participants was counterbalanced.   

In order to familiarize participants with the experimental procedure, before the 

experimental trials began, participants performed a practice trial. As in the experimental 

trials, half of the subjects learned a route from a map and the other half from a written 

description. The practice trial, however, differed from a regular trial in 1) the length of 

the route to study, which was shorter; 2) the number of study trials, which was limited to 

one study trial, lasting one minute; and 3) the number of verification statements presented 

at test time, which was only one for each perspective. The materials used in the practice 

trial are reported in Appendix C. 

Participants 

Participants were recruited in two different locations and following different 

procedures. Some of the participants were part of the General Psychology subject pool at 

Texas Tech University and were recruited by means of a web-based sign-up system 

(Experimetrix). They received course credit for participating in the experiment. The other 
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group of participants was recruited at the Eastman Kodak Research Labs, by sending out 

an email asking for volunteers to participate in the study. As an incentive to participate, 

one of the volunteers was randomly selected to receive a $75 gift card to a local grocery 

store. 

In order to determine the number of participants needed in the experiment, a 

power analysis was conducted, following the guidelines contained in Keppel and 

Wickens (2004). Omega squared was estimated using the data (F value, number of 

groups and number of subjects per group) reported in Taylor and Tversky’s (1992) 

Experiment 4. The computations produced an estimated omega squared of .151. Based on 

this value, and assuming a desired power of .80 and a significance level of .05, it was 

estimated that approximately 16 participants per group were needed, for a total of 64 

participants.  

Statistical Methods  

Because there were no predictions regarding the two environments, mean 

performance across the two environments was used in the analyses.  The first set of 

analyses was run to investigate whether interpolated testing influences participants’ 

development of mental representation. A 2 (Testing: early-late, late-only) X 2 (Input-

type: map, description) X 2 (Test type: route, survey) ANOVA was conducted on Trial 4 

verification statements. Test-type is a within-subjects variable; the remaining variables 

are between-subjects variables. A main effect for Input-type would determine whether 

map inputs have a testing advantage.  The presence or absence of an Input-type X Text-

type interaction would show whether participants do not, or do, respectively, adopt 
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perspective-free viewpoint by the fourth learning trial. A main effect for Testing without 

interactions would show a simple testing effect –i.e., that early testing improves 

performance. Two-way interactions with Testing would show that the testing effect is 

modulated by the nature of the input (map, description) or the test materials (route, 

survey) – i.e., early testing does not have the same effects with the same input or test 

materials.  A three-way interaction with Testing would show more complicated effects of 

early testing on the interaction between Input-Type and Test-Type.  In any case, the main 

effect and two- and three-way interactions with Testing would be telling as to the nature 

of the impact of early testing. A 2 (Testing: early-late, late-only) X 2 (Input-type: map, 

description) ANOVA was conducted on Trial 4 memory recall scores. A main effect for 

Input-type would determine whether map inputs have an advantage on memory recall. A 

main effect for Testing without interactions would show a simple testing effect –i.e., that 

early testing improves recall performance. The two-way interaction between Testing and 

Input-type would show that the testing effect is modulated by the nature of the input 

(map, description) – i.e., early testing does not have the same effects with the same input. 

Finally, 2 (Testing: early-late, late-only) X 2 (Input-type: map, description) ANOVAs 

were conducted on Trial 4 memory JOLs and on Trial 4 use JOLs respectively. A main 

effect for Input-type would determine whether map inputs give participants more 

confidence (higher memory JOLs and use JOLs) in their future performance. A main 

effect for Testing without interactions would show a simple testing effect –i.e., that early 

testing causes participants be more confident (higher memory JOLs and use JOLs). The 
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two-way interaction between Testing and Input-type would show that the testing effect on 

confidence is modulated by the nature of the input (map, description). 

The result of this first set of analyses is going to determine how the rest of the 

analyses for Experiment 1 will be conducted. No significant interactions between the 

testing variable and any of the other variables would indicate that interpolated testing 

does not interfere with the development of the participants’ mental representation. Thus, 

the rest of the analyses for Experiment 1 can be conducted considering only the early-late 

testing group of participants. Moreover, a within-subjects design would be used in 

Experiment 2 and the same groups of participants will be tested both after the first and 

after the last learning trial. If, on the contrary, interactions between the testing variable 

and any of the other variables are found, they would be indicative of interferences caused 

by interpolated testing. For this reason, the rest of the analyses for Experiment 1 would 

be conducted including both early-late and late-only testing groups. Moreover, 

Experiment 2 would have a between-subjects design, with separate groups of participants 

used to manipulate the level of learning. 

In order to understand how memory for the route and relative confidence 

judgments change across learning trials, a series of ANOVAs were conducted. In order to 

investigate how judgments of confidence on the ability to recall, at a later time, the route 

studied change across learning trials, a 2 (Level of learning: trial 1, trial 4) X 2 (Input-

type: map, description) mixed ANOVA was conducted on Trial 1 and Trial 4 memory 

JOLs. Level of learning is a within subjects variable and Input-type is a between subject 

variable. A significant main effect of Level of learning would indicate that JOLs change 
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as learning progresses. A significant main effect of Input-type would indicate whether 

learning from map inputs increases participants’ memory confidence. A significant 

interaction would indicate that effects of additional learning are modulated by the type of 

input. The same mixed ANOVA was conducted on Trial 1 and Trial 4 recall scores, in 

order to test how actual memory for the route changes across learning trials and 

depending on input type. A main effect of level of learning would be indicative of testing 

effects; a main effect for input-type would be indicative of map advantage. A significant 

interaction between level of learning and input-type would indicate that the testing effect 

is modulated by the type of input from which the environment is learned. Finally, after 

computing absolute accuracy of memory judgments, a 2 (Level of learning: trial 1, trial 4) 

X 2 (Input-type: map, description) mixed ANOVA was conducted on Trial 1 and Trial 4 

absolute accuracy judgments. This analysis was aimed at investigating how absolute 

accuracy of memory judgments changes across learning trials and depending on the type 

of input from which the route is learned. A significant main effect of level of learning 

would indicate that absolute accuracy of memory judgments changes as learning 

progresses. A main effect of Input-type would indicate that the type of input from which 

the route is learned affects absolute accuracy. Finally, a significant two-way interaction 

would indicate that changes in absolute accuracy that occur during learning are 

modulated by the type of input from which learning occurs. In all the previous analyses, 

simple-effects tests were used when appropriate to analyze interaction effects. 

A final set of analyses was conducted to understand how mental representations 

and confidence in ability to use the information acquired change as learning progresses 
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and as a function of the type of input. In order to investigate how judgments of 

confidence on the ability to use, at a later time, the route studied change across learning 

trials, a 2 (Level of learning: trial 1, trial 4) X 2 (Input-type: map, description) mixed 

ANOVA was conducted on Trial 1 and Trial 4 use JOLs. A significant main effect of 

Level of learning would indicate that JOLs change as learning progresses. A significant 

main effect of Input-type would indicate whether learning from map inputs increases 

participants’ confidence in use of route information. A significant interaction would 

indicate that effects of additional learning are modulated by the type of input from which 

learning occurs. To carefully test how mental representations change across learning 

trials, a 2 (Level of learning: trial 1, trial 4) X 2 (Input-type: map, description) X 2 (Test-

type: route, survey) ANOVA was conducted on the number of statements correctly 

verified after Trial 1 and Trial 4.  Level of learning and Test-type are within-subjects 

variables; Input-type is a between-subjects variable. As in the earlier analysis, a main 

effect for Input-type could be used to test whether map inputs have a learning advantage.  

A three-way interaction with Level of learning would indicate that the nature of the 

relationship between Input-type and Test-type changes between the first and second test 

trials. Finally, after computing absolute accuracy of use of route information judgments, a 

2 (Level of learning: trial 1, trial 4) X 2 (Input-type: map, description) X 2 (Test-type: 

route, survey) mixed ANOVA was conducted on Trial 1 and Trial 4 absolute accuracy 

judgments. This analysis was aimed at investigating how absolute accuracy of use 

judgments changes across learning trials and depending on the type of input from which 

the route is learned and on the perspective from which the verification statements are 
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formulated. A main effect for Input-type would show whether participants’ absolute 

accuracy is better when they learn from a map. Main effects of Level of learning and 

Test-type, respectively, would show whether absolute accuracy is better as learning 

progresses and whether absolute accuracy depends on Test-type. Like in the previous 

analysis, three-way interaction with Level of learning would indicate that the nature of 

the relationship between Input-type and Test-type changes between the first and second 

test trials. Simple-effects tests were used when appropriate to analyze interaction effects. 

Results 

Table 2 shows the descriptive data for the participants in this experiment.  
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Table 2: Descriptive data for participants in Experiment 1. 
 

 Count Percentage  N Mean Std. 
Deviation 

Males 
 

22 52.38% Age 42 28.74 12.86 

Females 20 47.62% Years studying 
foreign 
language 

38 5.80 8.51 

No Kodak 25 59.52% Years studying 
music 
instrument 

11 10.09 7.08 

Kodak 
 

17 40.48% Handedness 36 4.45 .54 

No Foreign 
Language 

1 2.38%     

Yes Foreign 
Language 

41 97.62%     

No Musical 
Instrument 

22 55.00%     

Yes Musical 
Instrument 

18 45.00%     

 

In the following section, results for Experiment 1 are presented. First, results 

relative to the effect of interpolated testing will be presented, followed by a discussion of 

the results concerning memory for the route (including confidence in memory of the 

route, actual memory performance, and absolute accuracy of memory judgments) and by 

the ones concerning use and mental representation of the route information acquired 

(including confidence in use of the information learned, actual performance, and absolute 

accuracy). Finally, an analysis of how the measures collected in the pre-experimental 
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questionnaire, relative to knowledge of foreign language, musical background and 

handedness (referred to as individual differences), correlate to the dependent variables 

collected in the study (performance and confidence) will be presented. 

Hypothesis 1 - Influence of Interpolated Testing 

To address the hypothesis of whether interpolated testing influences the learning 

process and the mental representation that is derived, a 2 (Testing: early-late, late-only) X 

2 (Input-type: map, description) X 2 (Test type: route, survey) ANOVA was conducted 

for verification statement performance, and 2 (Testing: early-late test vs. late only test) X 

2 (Input-type: map vs. written description) ANOVAs were conducted on the memory for 

the route after Trial 4 (i.e., memory recall scores), and participants’ confidence 

judgments, expressed after Trial 4, about their ability to remember and use the route 

information at later test time. Of interest in testing this hypothesis were significant 

interactions with the Testing variable.  In the test on verification statements, the two- and 

three-way interactions were non-significant (all F-values < 2.80).  For the remaining 

dependent variables, the two-way interactions were non-significant (all F-values < .20).  

The fact that the Testing variable did not significantly interact with other variables 

in any of the analyses indicates that testing participants after the first study trial does not 

interfere with the development of the mental representation and learning of the route. In 

terms of the rest of the analyses for Experiment 1, these results indicate that it is possible 

to continue with the analyses by considering only the group of participants that was tested 

twice (after Trial 1 and after Trial 4) during the learning process. In terms of Experiment 
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2, these results support the choice of a within subjects design, with the same group of 

participants being tested early and late in learning.  

Hypothesis 2 - Confidence in Memory for Route 

A 2 (Level of learning: Trial1, Trial 4) X 2 (Input-type: map, description) 

repeated measures ANOVA was conducted on participants’ confidence judgments 

relative to their ability to recall the information just learned at later test time. Confidence 

judgments ranged from 0 to 100 and were prompted after Trial 1 and after Trial 4. The 

difference between Map (M = 87.60) and Description (M = 56.36) was significant [F(1, 

40) = 47.67, p  < .001], as was the difference between Trial 1 (M = 63.67) and Trial 4 (M 

= 83.26) [F(1, 40) = 90.91, p  < .001]. The main effects were qualified by a significant 

two-way interaction between the two variables [F(1, 40) = 9.94, p = .003]. An 

examination of Figure 5 shows that, both when learning the route from the map and from 

the description, participants’ confidence in their ability to remember the information 

increases from Trial 1 to Trial 4. Also, judgments of learning are higher when learning 

occurs from the map than from the description. A t- test on the difference between 

average memory judgments at Trial 1 and Trial 4, in each of the two conditions, was 

conducted. Results show that the interaction was due to a significantly larger difference 

[F(1, 41) = 9.94, p = .003] between memory confidence judgments at Trial 1 and Trial 4 

in the Description condition (mean difference = 26.92) compared to the Map condition 

(mean difference = 13.54). This indicates that the increase in memory confidence from 

Trial 1 to Trial 4 is higher when learning from a description than when learning from a 

map. However, it is important to notice that participants in the description condition start 
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out with overall lower confidence judgments, with judgments lower than 85 at Trial 1 for 

all of them. At Trial 4, a ceiling effect is present for participants in the map condition, 

with only one participant producing JOLs lower than 85 and 10 participants producing 

JOLs equal to 100. This is in contrast with the description condition, in which 13 

participants still produce JOLs lower than 85 and no one has a JOLs equal to 100.  Thus, 

memory JOLs increase more in the description condition because there is more room for 

growth than in the map condition, in which participants’ memory judgments are overall 

higher. These results confirm what was expected: participants’ memory judgments vary 

depending on the type of input from which route information is learned, with map 

condition producing higher confidence, and on the level of learning at which judgments 

are prompted, with higher confidence levels at Trial 4 than at Trial 1. 

 
Table 3: Means and standard deviations for memory JOLs after Trial1 and Trial4 for 

maps and descriptions. 
 

MemoryJOLs Input Mean Std. 
Deviation 

N 

Trial1 Map 80.83 13.85 23 

Descr 42.89 20.77 19 

Mean 63.67 25.64 42 

Trial4 Map 94.37 8.03 23 

Descr 69.82 20.26 19 

Mean 83.26 19.18 42 
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Figure 5: Confidence in memory for the route learned after Trail 1 and Trial 4 as a 
function of Input Type. 

 
 

Hypothesis 3 - Memory for the Route 

A 2 (Level of learning: Trial1, Trial4) X 2 (Input-type: map, description) repeated 

measures ANOVA was conducted on participants’ recall scores. Such scores indicate 

how much of the information learned was retained after Trial 1 and after Trial 4. The 

analysis revealed a significant difference [F(1, 39) = 33.33, p < .001] between Map (M = 

24.45) and Description (M =  17.36) as well as a significant difference between Trial 1 

(M = 18.83) and Trial 4 (M = 23.85) [F(1, 39) = 91.56, p < .001]. These main effects 

were qualified by a significant two-way interaction between the two variables [F(1, 39) = 

12.72, p = .001]. As Figure 6 shows, both when learning from the map and when learning 

from the description, recall of the information learned is better after Trial 4 than after 

Trial 1, indicating that the amount of information learned does increase between the two 

tests. Also, participants that learned the route from a map have better recall performance 
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than participants that learned the route from the description. In order to have an 

understanding of the interaction, a t- test was conducted on the difference between 

average memory recall scores at Trial 1 and Trial 4, for each of the two conditions. 

Results show a significantly larger difference between Trial 1 and Trial 4 in the 

Description condition (mean difference = 7.21) compared to the Map condition (mean 

difference = 3.30) [F(1, 40) = 12.72, p = .001]. Specifically, recall performance increased 

more for participants that learned the information from the description than for 

participants that learned from the map. Similarly to what observed in the analysis of 

memory confidence judgments, at Trial 1, participants in the map condition have higher 

recall scores than participants in the description condition. Out of a possible maximum 

recall score of 27.5, only 5 out of 23 participants in the map condition have a score lower 

than 20 at Trial 1, compared to 17 for the description condition. At Trial 4, participants in 

the map condition show a ceiling effect, with all of them having scores higher than 20, as 

opposed to only 12 out of 18 participants in the description condition. Thus, there is more 

room for improvement in recall performance for participants in the description condition 

than for participants in the map condition. Results of the analysis are in agreement with 

what expected: memory recall is higher for participants in the map condition, in 

agreement with the map advantage observed in the literature (Zimmer, 2004), and recall 

is higher after additional study time is allowed. 
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Table 4: Means and standard deviations of number of items correctly recalled for maps 
and descriptions after Trial1 and Trial4. 

 

MemoryRecall  Input Mean Std. 
Deviation 

N 

Trial1   Map 22.80 3.77 23 

Descr 13.76 4.52 18 

Mean 18.83 6.09 41 

Trial4   Map 26.10 1.44 23 

Descr 20.97 6.49 18 

Mean 23.85 5.07 41 

 

 

 

Figure 6: Number of items correctly recalled after Trial1 and Trial 4 as a function of 
Input Type.  
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absolute accuracy indicates overconfidence, whereas negative absolute accuracy values 

indicate underconfidence.  Once absolute accuracy for memory judgments was computed, 

a 2 (Level of learning: Trial1, Trial4) X 2 (Input-type: map, description) repeated 

measures ANOVA was conducted on participants’ absolute accuracy. The analysis did 

not reveal any significant main effects or interactions (all F-values < 1.92), indicating 

that absolute accuracy of memory judgments does not depend on the type of input from 

which the route is learned and on additional study time. These results are in disagreement 

with expectations, based on the UWP literature, that absolute accuracy would decrease 

after additional study time was allowed, and on the assumption that participants in the 

map condition would be better at judging their memory performance at later test time.  

 
Table 5: Means and standard deviations of absolute accuracy of memory judgments after 

Trial1 and Trial4. 
 

AbsoluteAccMem N Minimum Maximum Mean Std. 

Deviation 

Trial1 41 -45.45 44.09 -4.37 18.14 

Trial4 41 -30.45 43.64 -3.50 13.60 

 

Hypothesis 5 - Confidence in Use of Route Information  

A 2 (Level of learning: Trial 1, Trial 4) X 2 (Input-type: map, description) 

repeated measures ANOVA was conducted on participants’ confidence judgments 

relative to their ability to use, at later test time, the route information just learned. The 

analysis revealed a significant difference between Map (M = 89.22) and Description (M = 

63.66) [F(1,39) = 21.07, p < .001] as well as a significant difference between Trial 1 (M 

= 68.10) and Trial 4 (M = 86.66) [F(1,39) = 63.51, p < .001]. These main effects were 
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qualified by a significant two-way interaction [F(1, 39) = 12.20, p = .001]. An 

examination of Figure 7 shows that, both when learning the route from the map and the 

description, higher confidence judgments are produced by participants after Trial 4 than 

after Trial 1. Also, participants are more confident after learning from the map than after 

learning from the description. To have a better understanding of the interaction, a t-test 

was conducted on the difference between Trial 4 and Trial 1 use confidence judgments, 

for each of the two conditions. Results show that the interaction was due to a significantly 

larger difference between Trial 1 and Trial 4 in the Description condition (mean 

difference = 27.61) compared to the Map condition (mean difference = 10.77) [F(1, 40) = 

12.20, p = .001], indicating that confidence judgments increase significantly more from 

Trial 1 to Trial 4 when learning occurs from the description. This pattern is very similar 

to the one observed for confidence judgments in memory of the route information. At 

Trial 1, participants in the map condition express higher confidence judgments than 

participants in the description condition (15 participants produce judgments equal to or 

greater than 85 in the map condition as opposed to 2 in the description condition). At 

Trial 4, participants in the map condition show a ceiling effect, with only one participant 

producing judgments lower than 85, and 10 participants producing judgments equal to 

100, in contrast to 9 and 2 respectively in the description condition,. Once again, 

confidence judgments for participants in the description condition increase more from 

Trial 1 to Trial 4 because there is more room for growth in that condition. These results 

confirm what was expected: confidence judgments in ability to use route information are 

higher in the map condition and when additional study time is allowed.  
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Table 6: Means and standard deviations for use of route JOLs after Trial1and Trial4 for 

maps and descriptions. 
 

UseJOLs  Input Mean Std. 
Deviation 

N 

Trial1 Map 83.84 13.91 22 

Descr 49.87 29.24 19 

Mean  68.10 27.94 41 

Trial4 Map 94.61 8.13 22 

Descr 77.45 21.65 19 

Mean 86.66 17.91 41 

  

  

Figure 7: Confidence in ability to use the route information after Trail 1 and Trial 4 as a 
function of Input Type. 
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statements. The highest possible number of statements correctly verified was 4. The 

analysis revealed three significant main effects: a main effect of Level of learning [F(1, 

39) = 4.51, p < .05], a main effect of Input-type [F(1, 39) = 22.66, p < .001], and a main 

effect of Test-type [F(1,39) = 24.07, p < .001]. As Table 8 shows, more statements are 

correctly verified after the fourth study trial, when participants learn the route in the map 

condition, and when the verification statements are formulated from a route perspective. 

The two-way and three-way interactions did not reach significance (all F-values < .38). 

This analysis was aimed at investigating whether, as the literature suggests, mental 

representations of space do evolve from being perspective dependent to perspective free 

as learning progresses. As expected, map input is superior to description input and 

performance after the fourth study trial is better than performance after the first study 

trial. The analysis did not provide any evidence to support the hypothesis that such 

changes in the perspective of mental representations of space occur. Interestingly, the fact 

that participants are overall better at verifying statements formulated from a route 

perspective suggests the possibility that, independently of the type of input from which 

the route is learned, participants initially develop a mental representation of space that is 

encoded according to a route perspective. It is also possible that, if additional study time 

was allowed, the mental representation could evolve to being perspective-free. 
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Table 7: Number of statements correctly verified after Trial1 and Trial4 as a function of 
the statements’ perspective. 

 

 Perspective N Minimum Maximum Mean Std. 

Deviation 

Trial1 Survey 42 .00 2.00 1.15 .51 

 Route 42 .00 2.00 1.43 .57 

Trial4 Survey 41 .00 2.00 1.30 .57 

 Route 41 .50 2.00 1.65 .49 

 
Table 8: Means and standard deviations for verification statements. 

 

Input Level of 
Learning 

Perspective Mean Std. Error 

Map Trial1 Survey 1.34 .10 

Route 1.64 .11 

Trial4 Survey 1.52 .11 

Route 1.89 .09 

Description Trial1 Survey .92 .11 

Route 1.18 .12 

Trial4 Survey 1.05 .12 

Route 1.37 .10 

 

Hypothesis 7 - Absolute accuracy of use of route information 

Absolute accuracy of use of route information judgments was computed by 

subtracting the percentage of statements correctly verified from the judgments of learning 

about the ability to use the information learned, produced by participants after the 1st and 

4th trial. Since verification statements were formulated from two different perspectives 

(survey and route), absolute accuracy was computed separately for each of the two 

perspectives. A 2 (Level of learning: Trial 1, Trial 4) X 2 (Input-type: map, description) 

X 2 (Test-type: route, survey) ANOVA was conducted on Trial 1 and Trial 4 absolute 

accuracy of use of route information. The analysis revealed two significant main effects: 
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a main effect for Level of learning [F(1, 38) = 5.53, p < .025], and a main effect for Test-

type [F(1, 38) = 24.56, p < .001]. As Table 9 shows, participants have better absolute 

accuracy when tested after Trial 1 then after Trial 4. As absolute accuracy values show, 

participants at Trial 4 are overconfident in their ability to use route information at later 

time. This finding is contrary to the expected UWP effect, i.e., in the literature 

participants are reported to become underconfident when additional study time is 

allowed. Table 9 also shows that participants are more overconfident when verifying 

statements formulated from a survey perspective than when verifying statements from a 

route perspective. This seems to indicate that participants’ metacognition is more 

accurate when it comes to use of information encoded in a route perspective. Absolute 

accuracy for survey statements is not accurate at all, with participants showing 

overconfidence. The main effect of Input-type and the two-way and three-way 

interactions did not reach significance (all F values < 1.97). Overall, these results are not 

in agreement with what was expected. 

 
Table 9: Means and standard deviations for absolute accuracy of use or route information 

after Trial 1 and Trial 4 as a function of statement perspective. 
 

 Perspective N Minimum Maximum Mean Std. 

Deviation 

Trial1 Survey 42 -65.00 97.50 11.06 35.72 

 Route 42 -75.00 97.50 -2.63 38.74 

Trial4 Survey 40 -55.00 85.00 22.83 27.53 

 Route 40 -55.00 75.00 5.33 22.58 
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Correlations among Measures of Individual Differences and Measures of 

Performance and Confidence  

 Correlations among the measures collected in the pre-experimental questionnaire, 

relative to knowledge of foreign language, musical background and handedness, and the 

dependent variables collected in Experiment 1, confidence in memory judgments, recall 

performance, confidence in use of route information, and verification statements 

performance, were computed. As Table 10 shows, the analysis only revealed low to 

moderate correlations among few of the variables. A positive moderate correlation (r = 

.47, p < .005) is present between the number of years participants have been studying a 

foreign language and the ability to correctly verify statements from a survey perspective 

after Trial 4. A negative moderate correlation (r = -.69, p < .05) is present between the 

number of year participants have been playing a music instrument and the ability to 

correctly verify statements from a survey perspective after Trial 1.Handedness does not 

significantly correlate with any of the dependent variables collected. Thus, it appears that 

Individual differences do not have a prominent role in explaining participants’ 

performance. 
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Table 10: Correlations among individual differences and measures of performance and confidence. 
 

  
JOLs 

 

 
Verification Statements 

 

 
Memory 

 Mem T1 Mem T4 Use T1 Use T4 Survey T1 Survey T4 Route T1 Route T4 Recall T1 Recall T4 

Years 
studying 
foreign 
language  
 

r .302 .272 .251 .200 .076 .472 -.098 .211 .195 .254 

Sig
.  

.065 .099 .128 .234 .650 .003 .559 .202 .246 .129 

N 38 38 38 37 38 38 38 38 37 37 

Years 
studying 
musical 
instrume
nt 
 

r -.072 -.049 -.060 -.263 -.698 .191 -.540 .050 -.543 -.102 

Sig
.  

.833 .886 .861 .462 .017 .575 .086 .885 .084 .766 

N 11 11 11 10 11 11 11 11 11 11 

Handedn
ess 

r .128 .139 -.082 -.232 .052 .323 .102 .269 .069 .196 

Sig
.  

.458 .418 .635 .181 .765 .055 .555 .113 .688 .252 

N 36 36 36 35 36 36 36 36 36 36 
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Discussion 

Experiment 1 was conducted with two goals in mind. The first goal was to 

investigate whether the perspective (survey or route) from which an environment has 

been learned is retained in its mental representation as learning progresses. The second 

goal was to investigate participants’ subjective experience while learning spatial 

information.  

 With respect to the first goal, the analyses conducted on Experiment 1 data 

revealed that there is no evidence to support that encoding of mental representations of 

space evolves from being perspective-dependent to being perspective free as learning 

progresses. On the contrary, there is some evidence that, independently of the perspective 

from which the information is learned, the mental representation is developed from a 

route perspective.  

Interesting findings emerged when analyzing participants’ subjective feeling of 

learning of spatial information. Both when asked to produce memory JOLs and use of 

information JOLs, the same pattern emerged: participants learning the information from 

the map are more confident in their ability to remember and use at later test time the 

information learned. Moreover, both types of JOLs are higher after additional study time 

is allowed. The increased study time, however, has greater impact on the JOLs of those 

participants that learn the information from the written description, as the higher increase 

in JOLs indicates. A map advantage and increased study time advantage also emerged for 

information recall performance. Interestingly, given that recall performance for 
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participants learning from the map is good even after the first study trial, additional study 

time benefits more participants in the description condition.  

  The analysis of absolute accuracy of memory JOLs did not provide any evidence 

to support the presence of UWP effect when dealing with learning of spatial information. 

Furthermore, the analysis of use JOLs provided evidence for the fact that overconfidence 

might indeed develop when additional study time is allowed. Finally, absolute accuracy 

of use JOLs indicates that participants’ have good metacognition when it comes to spatial 

information encoded from a route perspective.  

 Results of the correlations among individual differences and performance ad 

judgments measures show that there is no reason to believe that individual differences 

have a prominent role in explaining participants’ performance. Foreign language 

knowledge and musical experience are only moderately correlated to ability to verify 

survey statements, but only after a certain trial. No consistent pattern is present. 
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CHAPTER III 

EXPERIMENT 2 

 The second experiment was aimed at further investigating the issues addressed in 

Experiment 1, i.e., the equivalence of mental representations of space, acquired from 

different types of input and the subjective experience that individuals have when 

acquiring spatial information. In this experiment the focus was on written descriptions 

and the perspective from which they are formulated (route vs. survey). Thus, instead of 

participants learning a route from a map or from a written description, all participants 

learned a route from written descriptions that differed in terms of the perspective in 

which they are formulated. For example, the location of a shoe store in a mall from a 

route perspective was described with this sentence: “turn right on Marketplace Drive and 

on your left you will see the shoe store.” The location of the same store from a survey 

perspective was described as follows: “east of Main Avenue on the north side of 

Marketplace Drive is the shoe store.” Like in Experiment 1, we were interested in 

verifying whether mental representations of space evolve from being perspective-

dependent, when the environment has been just learned, to perspective-free, as learning 

increases (Lee & Tversky 2001; 2005). For this reason, participants were asked to answer 

verification statements both after a first study trial and after three additional study trials. 

Verification statements from both route and survey perspective were presented to the 

participants. If the mental representation formulated at the beginning of the learning 

phase is perspective dependent, then participants learning the route from survey-

perspective descriptions should be better at verifying statements formulated according to 
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that perspective than participants that learned the route from a route perspective 

description. The opposite should occur for participants that learned the environment from 

a route perspective description. However, after additional study time, participants should 

perform equally well on both types of verification statements, independently from the 

perspective from which the route was learned. 

 In terms of investigating the participants’ subjective impressions about their 

learning of spatial information, the JOL methodology was once again used. Like in 

Experiment 1, after some of the learning trials participants were asked to express their 

confidence about how likely they were to remember the information learned and how 

likely they were to use such information to successfully reach their destination. 

Participants’ JOLs could either differ, depending on the type of input, after the first trial 

or be equivalent at the end of the learning phase, or, JOLs produced by participants 

learning the environment from a particular perspective could always be higher than the 

JOLs produced by the participants learning from the other perspective. For example, 

JOLs produced by participants learning from a route perspective could always be higher 

than the ones produced by participants learning from a survey perspective because the 

information presented from a route perspective could be easier to visualize than the one 

presented from a survey perspective.  

 As in Experiment 1, the issues of whether individual differences have an 

influence on the development of mental representations and on the way in which 

individuals monitor the acquisition of spatial information were considered. Information 

about participants’ preference in the use of hands for specific activities, knowledge of 
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foreign language(s), and musical experience were collected and correlated with the 

learning and metacognitive measures collected during the experiment. 

The experimental design was decided based on the results of Experiment 1. Given 

that Experiment 1 findings showed that interpolated testing does not change the nature of 

the mental representation, the level of learning variable was manipulated within subjects. 

Specifically, the same group of subjects was tested twice, after the first and after the last 

study trial. The hypotheses tested in Experiment 2 will be described in detail in the 

following section. 

Hypotheses 

 The hypotheses investigated in Experiment 2 are grouped according to whether 

they concern memory for the route learned or use of the mental representations of the 

route information that has been acquired. For both topics, hypotheses relative to 

confidence in judgments of learning will be presented first, followed by hypotheses about 

participants’ actual performance and absolute accuracy. The hypotheses and expected 

results in this experiment are very similar to those presented in Experiment 1, with the 

main exception that in Experiment 1 maps were expected to be better than route 

description whereas, in this experiment, route descriptions are expected to be better than 

survey descriptions. 

Hypothesis 1: Confidence in Memory for Route 

 When it comes to considering how participants’ confidence on how much of the 

route they will be able to remember at later test time changes, depending on the type of 

input from which the route has been learned and on the point during learning at which 
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they are tested, two main effects are predicted. Participants are expected to be more 

confident in their ability to remember the route learned when such route has been 

acquired from a route description (main effect of input type) and they are expected to be 

more confident after the last study trial (main effect of test time).  

Hypothesis 2: Memory for the Route 

Given that descriptions from a route perspective are more common in real life and 

individuals should already be used to trying to remember them, participants learning the 

route from a route perspective description are expected to have better performance on the 

memory test than participants learning the route from a survey perspective description. 

This advantage of route descriptions is expected both after the first and after the last 

study trial. Also, participants are expected to be better at remembering the route after the 

last study trial, because of the more time available to study the route. 

Hypothesis 3: Absolute Accuracy of Memory Judgments 

 Absolute accuracy of judgments of learning will be computed in order to ascertain 

to what degree participants’ confidence in their performance at later test time corresponds 

to their actual performance. As shown in Figure 5, when it comes to analyzing how 

participants’ absolute accuracy for memory judgments varies depending on the type of 

input from which the route has been learned and the level of learning, good absolute 

accuracy values are expected after the first study trial, indicating a good correspondence 

between confidence judgments and actual performance at test time. However, after the 

last study trial, absolute accuracy values are expected to show underconfidence, in line 

with the UWP effect previously illustrated. Overall, participants are expected to show 
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underconfidence after the last study trial, with participants studying the route from survey 

descriptions being more underconfident than participants studying the route from route 

descriptions.   

 

Figure 8: Absolute accuracy of judgments about memory of route early and late in 
learning. 

 

Hypothesis 4: Confidence in Use of Route Information 

 Confidence in the ability to use the information learned is expected to vary 

depending on the type of input from which the route has been learned and on the time at 

which participants are tested in the same way as confidence for memory of the route. In 

particular, two main effects are expected: a main effect for the input type, with 

participants being more confident in their ability to use the information acquired when 

learning the route from a description formulated from a route perspective than when 

learning the route from a survey description, and a main effect for test time, with 

participants being more confident after the last than after the first study trial. 
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Hypothesis 5: Mental Representation of Route 

 Another hypothesis addressed in Experiment 2 concerns if and how the mental 

representation of the route learned changes as learning of the route progresses and 

depending on the type of input from which it has been learned. True-false verification 

statements will be used in order to gather information on whether the mental 

representation developed by the participants is perspective dependent. Verification 

statements presented to the participants will be formulated both from a survey and from a 

route perspective. If the mental representation developed by the participants is 

perspective dependent, then they should be better at verifying those sentences formulated 

from the perspective from which the route has been learned. If the mental representation 

developed is perspective free, then sentences from both perspectives should be verified 

equally well. Based on Lee and Tversky’s (2001; 2005) findings, after the first study trial, 

the participants’ mental representation of the route is expected to be dependent on the 

perspective from which the route has been learned, however, as study time progresses, 

the mental representation should become more abstract and it should no longer 

incorporate the perspective from which the spatial information has been learned. As 

illustrated in Figure 6, two main effects are expected: a main effect for the type of input 

from which the route has been learned, with participants that learned the route from a 

route description expected to have overall better verification performance than the ones 

that learned the route from a survey description, and a main effect for test time, with 

better overall verification performance after the last study trial. The main effects are 

expected to be qualified by a three way interaction: after the first study trial, participants 



Texas Tech University, Sara Girotto, August 2012    
 

63 
 

that learned the route from route descriptions are expected to be better at verifying 

statements formulated from a route perspective, whereas participants that learned the 

route from survey descriptions are expected to have better performance at verifying 

statements formulated from a survey perspective. After the last study trial, no differences 

in verification performance are expected: independently of the type of input from which 

the route has been learned, participants are able to answer equally well to route and 

survey verification statements. These findings would indicate that the mental 

representation of the route develops from being perspective dependent to being 

perspective free as learning progresses. 

  



Texas Tech University, Sara Girotto, August 2012    
 

64 
 

 

 

Figure 9: Expected performance on verification statements early (Trial 1) and late (Trial 
4) in learning.  

                    

Hypothesis 6: Absolute Accuracy of Use of Route Information 

 When considering the use of route information, absolute accuracy will be 

computed separately for route verification questions and survey verification questions. As 

Figure 7 illustrates, good absolute accuracy is expected after the first study trial both 
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when participants are learning the route from survey descriptions and answering survey 

questions and when participants are learning the route from route descriptions and 

answering route questions. Overconfidence, i.e., judgments higher than actual 

performance, is expected when participants are answering to questions formulated from 

the perspective from which they did not learn the route. After the last study trial, overall 

participants are expected to show underconfidence, in line with what predicted by the 

UWP effect. However, participants learning the route from a survey description are 

expected to be more underconfident than participants learning the route from a route 

description. 
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Figure 10: Expected results for absolute accuracy of judgments of use route information. 
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 Descriptions. Two sets of descriptions were used in Experiment 2 (Appendix D). 

Each set comprised descriptions of two areas of the same fictitious city, River City. The 

areas described are downtown and a university campus. Descriptions in one set are 

formulated from a route perspective and are the same descriptions already used in 

Experiment 1. The second set of descriptions consists of descriptions formulated from a 

survey perspective: A survey perspective describes the environment from a bird’s eye 

view and cardinal directions are used to communicate the relative position of landmarks. 

For example, the location of a toy store relative to a shoe store in a shopping mall is 

described as follows: “East of the shoe store on the north side of Marketplace Drive is the 

toy store.” Both route and survey descriptions of the first area, River City’s downtown, 

were adapted from the descriptions used by Lee and Tversky (2001). The second area, 

River City’s university campus, and relative descriptions were completely invented, 

although modeled strictly following the structure of the downtown one. As for route 

descriptions, survey descriptions contain references to four intersecting streets and five 

landmarks.  

Verification statements. The twelve true/false verification statements used at test 

time were the same used in Experiment 1and were testing both route and survey 

knowledge of the two environments (Appendix C). For example, the statement “The shoe 

store is on your right when you face the toy store from Marketplace Drive” tested 

knowledge of the environment form a route perspective”; the statement “The toy store is 

north of Marketplace Drive and east of the shoe store” tested knowledge of the 

environment from a survey perspective. 
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Procedure 

The procedure followed in Experiment 2 was based on Experiment 1 findings, 

indicating that interpolated testing did not change the nature of the mental representation. 

The findings provided evidence for the fact that testing the same group of participants at 

two different stages of learning (i.e., after the first and after the last study trial) did not 

interfere with the development of the mental representation of the route. For this reason, a 

within subjects design, with only one group of participants tested twice, was chosen for 

Experiment 2. Specifically, the procedure was identical to the one used in Experiment 1 

for the group of participants tested twice: half of the participants studied a route in an 

environment by reading its description formulated from a route perspective, whereas the 

other half studied the same route by reading a description formulated from a survey 

perspective. Like in Experiment 1, participants had four study trials to learn the route. 

After the first and last study trial, they were asked to produce judgments of learning for 

memory recall and for use of route information. These judgments were prompted by the 

following two statements: “Please, assess on a scale from 0 to 100 your confidence that 

you can remember the route. If you are not confident at all that you can remember the 

route, you may choose 0 – not confident at all. If you are completely confident that you 

can remember the route, indicate that with 100. You may also choose any number 

between 0 and 100 to express less than complete confidence in your memory or lack of 

it” and “Please, assess on a scale from 0 to 100 your confidence that you can use the 

route that you just studied to reach the destination point. If you are not confident at all 

that you can use the route to reach the destination, you may choose 0 – not confident at 
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all. If you are completely confident that you can use the route to reach the destination, 

indicate that with 100. You may also choose any number between 0 and 100 to express 

less than complete confidence in your ability to reach the destination using the route just 

studied.” 

Right after, memory for the route was tested as well as knowledge of the route 

was assessed by means of verification statements. Memory of the route was considered 

accurate when participants included in their descriptions names and relative locations of 

the streets contained in the map or description, the correct turn from one street to the 

other, and the names and relative locations of landmarks present along the route. One 

point was assigned for each street and landmark name correctly included, for each street 

and landmark placed in the correct order along the route, and for each correct turn from 

one street to another recalled. Half points were assigned when a landmark or a street was 

drawn or mentioned in a description but without being identified with a name or when it 

was identified with a partially correct name. Participants were not required to recall the 

exact words of the original description for recall to be considered accurate. Memory 

recall scores varied from a minimum of zero to a maximum of 27.5.  

Ability to use the route information learned was assessed by means of true-false 

verification statements. For each route, four statements, two from a route perspective and 

two from a survey perspective, were presented to participants in random order. 

Participants were instructed to circle the word true if they believed the statement to be 

correct and false if they believed the statement was incorrect. The total number of 

statements correctly verified for each route established participants’ ability to use the 
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route information just learned, with four being the highest possible verification score 

when two route and two survey statements were correctly verified. 

Before the two experimental trials began, participants went through a practice trial 

to familiarize with the overall experimental procedure. As in Experiment 1, the practice 

trial differed from the experimental trials in the length of the route to study, which was 

shorter, in the number of study trials, which was limited to one two-minute study trial, 

and in the number of verification statements presented at test time, which was only one 

for each perspective. The materials used in the practice trial can be found in Appendix D.  

Participants 

Participants were recruited following the procedure previously described for 

Experiment 1. To determine the number of participants needed in the experiment, a 

power analysis was conducted (Keppel & Wickens, 2004). Given that this experiment 

differs from Experiment 1 only in the type of input from which learning of the route 

occurs, the same data considered in Experiment 1 were used in the computation (Taylor 

& Tversky, 1992) resulting in a total of 32 subjects for the within-subjects design. 

Statistical Method 

Because there were no predictions regarding the two environments, mean 

performance across the two environments was computed and used in the analyses. A 

series of ANOVAs was conducted in order to understand how memory for the route and 

relative confidence judgments change across learning trials. A 2 (Level of learning: trial 

1, trial 4) X 2 (Input-type: route, survey) mixed ANOVA was conducted on Trial 1 and 

Trial 4 memory JOLs to investigate how judgments of confidence on the ability to recall, 
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at a later time, the route studied change across learning trials. Level of learning is a 

within subjects variable and Input-type is a between subject variable. A significant main 

effect of Level of learning would indicate that JOLs change as learning progresses. A 

significant main effect of Input-type would indicate whether learning from inputs 

formulated from a route perspective increases participants’ memory confidence. A 

significant interaction would indicate that effects of additional learning are modulated by 

the type of input. The same mixed ANOVA was conducted on Trial 1 and Trial 4 recall 

scores, in order to test how actual memory for the route changes across learning trials and 

depending on input type. A main effect of level of learning would be indicative of testing 

effects; a main effect for input-type would be indicative of route perspective advantage. 

A significant interaction between level of learning and input-type would indicate that the 

testing effect is modulated by the type of input from which the environment is learned. 

Finally, after computing absolute accuracy of memory judgments, a 2 (Level of learning: 

trial 1, trial 4) X 2 (Input-type: route, survey) mixed ANOVA was conducted on Trial 1 

and Trial 4 absolute accuracy judgments. This analysis was aimed at investigating how 

absolute accuracy of memory judgments changes across learning trials and depending on 

the type of input from which the route is learned. A significant main effect of level of 

learning would indicate that absolute accuracy of memory judgments changes as learning 

progresses. A main effect of Input-type would indicate that the type of input from which 

the route is learned affects absolute accuracy. Finally, a significant two-way interaction 

would indicate that changes in absolute accuracy that occur during learning are 
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modulated by the type of input from which learning occurs. In all the previous analyses, 

simple-effects tests were used when appropriate to analyze interaction effects. 

A second set of analyses was conducted to understand how mental representations 

and confidence in ability to use the information acquired change as learning progresses 

and as a function of the type of input. In order to investigate how confidence on the 

ability to use, at a later time, the route studied change across learning trials, a 2 (Level of 

learning: trial 1, trial 4) X 2 (Input-type: route, survey) mixed ANOVA was conducted on 

Trial 1 and Trial 4 use JOLs. A significant main effect of Level of learning would 

indicate that JOLs change as learning progresses. A significant main effect of Input-type 

would indicate whether learning from inputs formulated from a route perspective 

increases participants’ confidence in ability to use route information. A significant 

interaction would indicate that effects of additional learning are modulated by the type of 

input from which learning occurs. To carefully test how mental representations change 

across learning trials, a 2 (Level of learning: trial 1, trial 4) X 2 (Input-type: route, 

survey) X 2 (Test-type: route, survey) ANOVA was conducted on the number of 

statements correctly verified after Trial 1 and Trial 4.  Level of learning and Test-type are 

within-subjects variables; Input-type is a between-subjects variable. As in the earlier 

analysis, a main effect for Input-type could be used to test whether inputs formulated in a 

route perspective have a learning advantage.  A three-way interaction with Level of 

learning would indicate that the nature of the relationship between Input-type and Test-

type changes between the first and second test trials. Finally, after computing absolute 

accuracy of use of route information judgments, a 2 (Level of learning: trial 1, trial 4) X 2 
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(Input-type: route, survey) X 2 (Test-type: route, survey) mixed ANOVA was conducted 

on Trial 1 and Trial 4 absolute accuracy judgments. This analysis was aimed at 

investigating how absolute accuracy of use judgments changes across learning trials and 

depending on the type of input from which the route is learned and on the perspective 

from which the verification statements are formulated. A main effect for Input-type could 

be used to test whether participants’ absolute accuracy is better when they learn from a 

route description. Main effects of Level of learning and Test-type could be used, 

respectively, to test whether absolute accuracy is better as learning progresses and 

whether absolute accuracy depends on Test-type. Like in the previous analysis, three-way 

interaction with Level of learning would indicate that the nature of the relationship 

between Input-type and Test-type changes between the first and second test trials. 

Simple-effects tests were used when appropriate to analyze interaction effects. 

Results 
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Table 11 shows the descriptive data for the participants in this experiment.  
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Table 11: Descriptive data for participants in Experiment2. 
 

 N Percentage  N Mean Std. 
Deviation 

Males 
 

8 22.86% Age 34 18.94 1.52 

Females 27 77.14% Years 
studying 
foreign 
language  

32 3.75 3.84 

No Foreign 
Language 

22 62.86% Years 
studying 
music 
instrument  

8 4.88 2.36 

Yes Foreign 
Language 

13 37.14% Handedness 34 4.40 .84 

No Musical 
Background 

8 22.86%     

Yes Musical 
Background 

27 77.14%     

 

In this section, results for Experiment 2 are presented. First, all results concerning 

memory for the route (confidence, actual performance, and absolute accuracy) are 

discussed, followed by the results relative to use and mental representation of the route 

information acquired (confidence, actual performance, and absolute  accuracy). Finally, 

an analysis of how the measures collected in the pre-experimental questionnaire, referred 

to as individual differences, correlate to the dependent variables collected in the study 

(performance and confidence) are presented. 
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Hypothesis 1 - Confidence in Memory for Route 

A 2 (Level of learning: Trial1, Trial4) X 2 (Input-type: route, survey) repeated 

measures ANOVA was conducted on participants’ confidence judgments relative to their 

ability to recall the information just learned at later test time. Confidence judgments 

ranged from 0 to 100 and were prompted after Trial 1 and after Trial 4. The analysis 

revealed two significant main effects: a main effect of Level of learning [F(1,33) = 53.06, 

p = .000] and a main effect of Input-type [F(1,33) = 5.89, p < .05]. The two-way 

interaction between Level of learning and Input type did not reach significance [F(1,33) = 

1.01; n.s.]. The significant difference between JOLs at Trial 1 (M = 35.13) and JOLs at 

Trial 4 (M = 64.21) indicates that participants are less confident in their ability to recall 

route information when judgments of learning are prompted after the first study trial. The 

significant difference between JOLs for route descriptions (M = 57.74) and survey 

descriptions (M = 41.60) suggests that participants that acquire route information from a 

route description are more confident than participants that learning from a survey 

description. The results of the analysis are in agreement with what was expected: 

participants are more confident in their ability to remember the information learned when 

additional study time is allowed and when the information is acquired from a route 

description.  

 
Table 12: Means and standard deviations for memory JOLs. 

 

JOLMem N Minimum Maximum Mean Std. 

Deviation 

Trial 1 35 .00 87.50 35.41 20.19 

Trial 4 35 .00 100.00 64.39 27.49 
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Hypothesis 2 - Memory for the Route 

A 2 (Level of learning: Trial1, Trial4) X 2 (Input-type: route, survey) repeated 

measures ANOVA was conducted on participants’ recall scores. Such scores indicate 

how much of the information learned was retained after Trial 1 and after Trial 4 

respectively. Recall scores range between a minimum score of zero and a maximum score 

of 27.50. Similarly to what found in the analysis relative to judgments of learning for 

memory recall, the analysis revealed a main effect of Level of learning [F(1,33) = 64.68, 

p = .000] and a main effect of Input-type [F(1,33) = 5.30, p < .05]. The two-way 

interaction between Level of learning and Input type did not reach significance [F(1,33) = 

.26, n.s.]. Recall of the information learned is better when participants are tested after 

Trial 4 (M = 19.37) than after Trial 1 (M = 12.78). Also, the amount of information 

recalled is higher when participants learn from a route description (M = 18.27) than when 

they learn from a survey description (M = 13.88). These results are in agreement with 

what had been expected: participants have better recall of route information after they are 

allowed additional study time and when learning occurs from a route description.  

Hypothesis 3 - Absolute Accuracy of Memory Judgments 

Absolute accuracy of memory judgments was computed by subtracting the 

percentage of items correctly recalled from the judgments of learning about the ability to 

recall the information learned, produced by participants after Trial 1 and Trial 4. Positive 

absolute accuracy indicates overconfidence, whereas negative absolute accuracy values 

indicate underconfidence.  Once absolute accuracy for memory judgments was computed, 
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a 2 (Level of learning: Trial1, Trial4) X 2 (Input-type: route, survey) repeated measures 

ANOVA was conducted on participants’ absolute accuracy. The analysis did not reveal 

any significant main effects or interactions (all F-values < 1.97), indicating that absolute 

accuracy of memory judgments does not depend on the type of input from which the 

route is learned and on additional study time. These results are not in agreement with 

experiment predictions: based on the UWP literature, absolute accuracy was expected to 

be independent of the type of input after Trial 1 but not after Trial 4. In particular, 

absolute accuracy was expected to decrease after additional study time was allowed, 

indicating participants’ underconfidence, and was expected to be worse for those 

participants in the survey condition.   

Table 13: Means and standard deviations for absolute accuracy of memory judgments 
after Trial 1 and Trial 4. 

 

AbsoluteAccMem N Minimum Maximum Mean Std. 

Deviation 

Trial1 35 -62.73 44.32 -11.26 22.66 

Trial4 35 -50.00 43.64 -6.32 18.67 

 

Hypothesis 4 - Confidence in Use of Route Information 

A 2 (Level of learning: Trial 1, Trial 4) X 2 (Input-type: route, survey) repeated 

measures ANOVA was conducted on participants’ confidence judgments relative to their 

ability to use, at later test time, the route information just learned. The analysis revealed a 

significant difference for confidence judgments produced after Trial 1 (M = 39.87) and 

after Trial 4 (M = 69.61) [F(1,33) = 48.40, p = .000] and for confidence judgments 

produced in the route description condition (M = 64.85) and in the survey description 
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condition (M = 44.63) [F(1,33) = 6.21, p < .05]. The main effects were qualified by a 

significant two-way interaction [F(1,33) = 9.16, p = .005]. As Figure 11 shows, both 

when learning from survey descriptions and when learning from route descriptions, 

participants’ confidence judgments are higher after Trial 4 than after Trial 1. Also, 

participants in the route description condition are more confident than participants in the 

survey description condition. To have a better understanding of the interaction, a t-test 

was conducted on the difference between Trial 4 and Trial 1 use confidence judgment for 

each of the two conditions. Results show that the interaction was due to a significantly 

larger difference [F(1,33) = 9.16, p = .005] between Trial 1 and Trial 4 confidence 

judgments in the survey description condition (M = 42.68) than in the route description 

condition (M = 16.81). Confidence judgments increase significantly more from Trial 1 to 

Trial 4 when learning occurs in the survey description condition. These results confirm 

our expectations of higher confidence in the ability to use the information learned after 

more study time is allowed and when the information is acquired from a description in a 

route perspective. 

 
Table 14: Means and standard deviations for JOLs for use of route information  

after Trial 1 and Trial 4. 
 

JOL Use 
 

N Minimum Maximum Mean Std. 

Deviation 

Trial1 35 .00 95.00 37.77 25.49 

Trial4 35 .00 100.00 69.71 27.16 
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Figure 11: Confidence in use of route information for route and survey descriptions after 
Trial 1 and Trial 4. 
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expected interactions between Level of learning, Input-type and Test-type did not reach 

significance. The analysis did not provide evidence for the expected changes in 

verification performance due to additional study time and dependent on the type of input 

and on the type of test. Consequently, there is no evidence to support the hypothesis that 

mental representations of spatial information evolve from being perspective dependent to 

being perspective free as learning progresses. The results suggest that, when learning 

from route descriptions, participants develop a mental representation of space that 

includes a balance of route and survey elements, as indicated by similar performance in 

verification statements formulated from route and survey perspectives. However, when 

learning occurs from survey descriptions, more survey elements are included in the 

mental representation, as indicated by better verification performance for survey 

statements. 

 
Table 15: Means and standard deviations for correctly verified statements after Trial 1 

and Trial 4 for survey and route statements. 
 

 Perspective N Minimum Maximum Mean Std. 

Deviation 

Trial 1 Survey 35 .00 2.00 1.39 .52 

 Route 35 .00 2.00 1.17 .63 

Trial 4 Survey  35 .50 2.00 1.37 .51 

 Route 35 .00 2.00 1.29 .63 
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Figure 12: Number of correctly verified statements for route and survey descriptions as a 
function of the statement’s perspective.  
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learned; after the last study trial, however, participants are slightly overconfident. The 

analysis also revealed a significant main effect of Input type [F(1, 33) = 11.71, p < .005], 

with participants learning from the route description showing good absolute accuracy 

judgments (M = .26) whereas participants in the survey description condition show 

underconfidence (M = -21.17). The main effect was qualified by the significant 

interaction between Input type and Test type [F(1, 33) = 5.17, p < .05]. As Figure 13 

shows, participants in the route description condition show good absolute accuracy of 

route information judgments, independent of the type of test. Participants in the survey 

description, however, in spite of being overall underconfident in their absolute accuracy 

judgments, display higher underconfidence when they are tested by means of verification 

statements from a survey perspective. The results of the analysis do not support the UWP 

effect that was expected to occur as a consequence of providing additional study time. 

However, the analysis highlights that participants in the route condition are more aware 

of how likely they are to correctly verify statements better than participants in the survey 

condition. This indicates that participants’ metacognition is better when learning from 

route descriptions.  
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Table 16: Means and standard deviations of absolute accuracy of verification statements 
after Trial 1 and Trial 4 for survey and route statements. 

 

  N Minimum Maximum Mean Std. 

Deviation 

Trial 1 Survey 35 -100.00 72.50 -28.94 36.50 

 Route 35 -80.00 72.50 -18.23 35.45 

Trial 4 Survey 35 -52.50 50.00 1.14 27.15 

 Route 35 -75.00 76.00 5.43 30.73 

 

 

Figure 13: Absolute accuracy of judgments relative to the ability to use route information 
after learning from a route description and a survey description. 
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performance, were computed. No significant correlations among the variables emerged 

from the analysis, indicating that individual differences do not have a role in explaining 

participants’ performance and judgments of learning.  

Discussion 

The goal of Experiment 2 was to further investigate if and how the mental 

representations of space acquired from different types of input evolve as learning 

progresses and what is the individuals’ subjective experience when learning spatial 

information.  

Similarly to the findings of Experiment 1, Experiment’s 2 findings do not provide 

evidence to support that encoding of mental representations of space evolve from being 

perspective-dependent to being perspective-free as learning progresses. There is some 

evidence that, when learning from route descriptions, mental representations include a 

balanced mix of route and survey type of information, however, when learning occurs 

from survey descriptions, mental representations seem to have more survey type of 

knowledge. This seems to indicate that mental representations derived from route 

descriptions are perspective independent whereas ones derived from survey descriptions 

are not. It is possible that, given additional study time, the mental representations derived 

from survey descriptions could become perspective-free. 

The analyses of participants’ subjective judgments of learning revealed that 

participants are more confident in their ability to recall and use the route information 

when such information has been learned from a route description and after additional 

study time has been allowed. In particular, additional study time has more impact on 



Texas Tech University, Sara Girotto, August 2012    
 

86 
 

JOLs of use of information for participants in the survey condition. Level of learning and 

type of input have similar effects on memory recall: recall of the information learned is 

higher after the last study trial and for participants in the route condition. 

The analyses performed on absolute accuracy of memory judgments and on 

judgments of use of route information confirmed Experiment 1 findings: the data do not 

provide evidence to support the UWP effect. Evidence for superiority of route input over 

survey input comes from the analysis of absolute accuracy of use of route information 

judgments. Participants show good absolute accuracy when learning from route 

description and underconfidence when learning from survey descriptions.  

As the results of the correlations among individual differences and performance 

and judgments of learning variables show, individual differences do not have a role in 

explaining variations in performance and judgments of learning.  
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CHAPTER IV 

EXPERIMENT 3 

 Experiment 1 and 2 investigated whether mental representations of spatial 

information change as learning progresses and depending on the type of input (maps vs. 

text and route vs. survey perspective) from which learning occurs. In addition, by asking 

participants to judge their knowledge of the environments at different times during the 

learning phase, it was possible to understand if individuals were aware of any differences 

that might be present in the acquisition of spatial knowledge, related to the input type 

and/or to how much time is available to acquire the information. The focus of Experiment 

3 shifts from the investigation of changes in mental representations of spatial information 

occurring as learning progresses to the investigation of how the amount of information 

contained in the input impacts participants’ quality of learning. The amount of 

information was manipulated by changing the number of landmarks contained in the 

input. Research (Schneider & Taylor, 1999) has shown that landmarks located right 

before and right after a change of direction are particularly useful to the individual 

learning an environment, because they allow for immediate verification of the correctness 

of the route and enhance learning and memory of spatial information. Including too many 

landmarks, however, can negatively impact the ability to learn a space (Schneider & 

Taylor, 1999). Thus, learning an environment from descriptions and maps containing 

landmarks corresponding to changes of direction should be easier than learning an 

environment from descriptions and maps containing redundant landmarks (i.e., landmarks 

located along the route). This experiment investigated whether redundant information did 
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indeed impair learning of the route and whether the effect of the amount of information is 

the same, independently of the type of input (map vs. description). Also, the experiment 

investigated if and how the amount of information contained in route descriptions or 

maps impacted participants’ confidence in how well a route has been learned. As in 

Experiments 1 and 2, participants were asked to express their confidence in their ability 

to remember the route learned at a later test time and in their ability to use the 

information learned. The analysis of JOLs will show whether individuals are aware of the 

impact of the amount of information on their learning. Including more information in 

maps and descriptions could negatively impact the participants’ learning processes but 

participants’ JOLs could show that individuals are more confident when more 

information is available. On the contrary, participants’ JOLs could show that they are 

perfectly aware of the fact that more information does not necessarily translate into better 

learning.  

Another variable that comes into play when taking into consideration the number 

of landmarks contained in descriptions and maps is the learners’ gender. Research has 

shown that when women are asked to learn a route, they tend to remember more 

landmarks than men performing the same task. However, women’s better memory for 

landmarks does not necessarily translate into better memory for the map. Thus, women 

and men could differ in the pattern of JOLs produced when learning from descriptions 

and maps differing in the amount of landmarks contained. Specifically, women learning 

from maps and descriptions containing a greater number of landmarks could produce 

JOLs showing more confidence in their ability to learn and actually perform more poorly 
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when it comes to using the spatial information provided.  Men, on the contrary, seem to 

use landmarks in a different way and for this reason their JOLs could be more accurate 

and correctly reflect how much information they can remember and use.  

In order to investigate these issues, the amount of information contained in 

written descriptions/maps of a route was manipulated. Like in Experiment 1, participants 

were asked to learn a route through an environment either by studying a map or by 

reading a description formulated from a route perspective. Descriptions and maps varied 

in the number of landmarks contained: Some descriptions/maps contained only 

landmarks located right before or right after a change of direction. These 

descriptions/maps were referred to as determinate descriptions/maps. Other 

descriptions/maps contained not only landmarks located right before or right after a 

change of direction but also other landmarks, located along the route. These 

descriptions/maps were referred to as overdeterminate descriptions/maps. In the 

experiment, participants were asked to learn an environment either from determinate 

descriptions/maps or from overdeterminate descriptions/maps. After the learning phase 

was concluded, participants were asked to produce JOLs both for memory of the material 

learned and for ability to use it (as in Experiment 1 and 2) for each environment. 

Participants’ ability to recall the environment and to verify statements about the route 

was also tested. The experiment was designed to investigate whether the addition of 

redundant landmarks negatively impacts learning and memory of the environment; to 

determine if and how the different number of landmarks influenced participants’ JOLs 

and whether the results vary depending on the gender of the individual learning the route. 
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For example, women’s better memory for landmarks and propensity to include them in 

route description could result in higher JOLs for overdeterminate descriptions, due to 

their richness in landmarks’ content. Another issue that was considered was whether 

higher JOLs for overdeterminate descriptions would actually correspond to better 

performance or whether, in spite of their JOLs, performance would be poorer as 

Schneider and Taylor’s (1999) findings suggest.  

As in the previous experiments, the issues of whether individual differences have 

an influence on the development of mental representations and on the way in which 

individuals monitor the acquisition of spatial information were considered. Information 

about participants’ preference in the use of hands for specific activities, knowledge of 

foreign language(s), and musical experience, were collected and correlated with learning 

and metacognitive measures collected during the experiment. The specific hypotheses 

that were tested in Experiment 3 are presented in the following section. 

Hypotheses  

The hypotheses are presented grouped according to whether they concern the 

memory for the route learned or the use and mental representation of the route 

information that has been acquired. For both topics, hypotheses relative to confidence in 

judgments of learning are presented first, followed by hypotheses about participants’ 

actual performance and absolute accuracy. 

Hypothesis 1: Confidence in Memory for Route 

 Confidence about ability to remember the route at later test time is expected to 

vary, depending on the amount of information contained in the input (determinate vs. 
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overdeterminate input), on the participants’ gender, and on the type of input from which 

the route was learned (map vs. description). As shown in Figure 14, a two-way 

interaction between gender and amount of information is expected. Female participants 

are expected to be more confident than males in their memory for the route when the 

route is learned from overdeterminate maps and descriptions. This is due to the fact that 

females expect to have good memory for the landmarks included in the map/description. 

Female participants are also expected to show greater confidence for overdeterminate 

than for determinate input, independently of whether the route was learned from a map or 

from a description. Males’ confidence, on the contrary, is expected to be higher for 

determinate than for overdeterminate input, independently of the nature of the input.   

          

Figure 14: Confidence in memory of the route for females and males. 
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Hypothesis 2: Memory for the Route 

 Performance on memory for the route is expected to vary depending on the type 

of input from which the route had been learned (map vs. written description), on the 

amount of information contained in the input (determinate vs. overdeterminate input) and 

on the gender of the individual learning the route. As illustrated in Figure 15, overall 

better memory performance is expected for determinate maps and descriptions, because 

they contain less information than overdeterminate ones. In addition, based on the 

literature showing females to have better memory for landmarks than males, gender 

differences in route recall are expected: when learning determinate type of input, males 

are expected to be better than females at recalling the route learned from a map; the 

opposite pattern is expected for descriptions, with females recalling the route better than 

males. When learning from overdeterminate type of input, overall maps are expected to 

be recalled better than descriptions and female participants are expected to have better 

performance than males.  
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Figure 15: Expected memory recall performance for females and males. 
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the signed difference between confidence judgments and actual performance: Positive 

absolute accuracy values are indicative of participants’ overconfidence; negative absolute 

accuracy values are indicative of participants’ underconfidence. Participants’ absolute 

accuracy for memory judgments is expected to vary depending on gender, type of input 

(map vs. description) and amount of information contained in the input (determinate vs. 

overdeterminate input). As shown in Figure 16, a two-way interaction between the 

amount of information and gender is expected. Female participants were expected to 

show good absolute accuracy when learning the route from determinate input. On the 

contrary, the fact that females’ confidence in ability to remember the route is expected to 

increase as the number of landmarks contained in the input increases, females were 

expected to show overconfidence when learning the route from overdeterminate input. 

Their actual performance, however, is expected to decrease as the number of landmarks 

increases. Males’ absolute accuracy is expected to be overall very good, independently of 

whether the route was learned from map or description and of the amount of information 

contained. 
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Figure 16: Expected absolute accuracy of memory judgments for females and males. 
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Figure 17: Expected confidence in use of route information for females and males. 
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destination.  Performance on verification statements is expected to vary depending on the 

type of input (map vs. description), on the amount of information contained in the input 

(determinate vs. overdeterminate input), on the perspective from which the statements 

were asked (route vs. survey), and on the gender of the individual learning the route. As 

Figure 18 shows, a main effect for the amount of information contained in the 

map/description is expected: overall performance on verification statements is expected 

to be lower when participants were learning the route from an overdeterminate input than 

when they were learning it from a determinate input. In line with the spatial literature 

findings, males are expected to have better performance than females, independently of 

the amount of information contained in the input. Such findings would indicate that males 

are better able to use the information learned to actually reach the destination. Finally, an 

interaction between the perspective from which verification sentences were formulated 

and the type of input from which the route was learned is expected: participants are 

expected to be better at verifying statements when they were formulated from the same 

perspective from which the route was learned. In particular, when the route was learned 

from a map, participants are expected to have better performance at survey verification 

statements whereas when the route was learned from a description, formulated from a 

route perspective, they were expected to be better at verifying statements formulated 

from a route perspective. This interaction would support Lee and Tversky’s (2001; 2005) 

findings, according to which when learning of an environment is limited, the mental 

representation that is developed is tied to the perspective from which the environment 

was learned. 
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Figure 18: Expected performance on verification of route statements as a function of 
gender, amount of information in the input, input type, and perspective of statements. 

 

Hypothesis 6: Absolute Accuracy of Use of Route Information 

 Absolute accuracy of use of route information was computed separately for route 

verification questions and for survey verification questions. As illustrated in Figure 19, 

different patterns in absolute accuracy are expected depending on gender, amount of 

information in the input (determinate vs. overdeterminate), type of input from which the 

route was learned, and perspective from which the verification questions were asked. 

When learning from a determinate map, females are expected to show good absolute 

accuracy when verifying survey statements and overconfidence when verifying route 

statements. The opposite pattern is expected when female participants learned the route 

from a determinate description: good absolute accuracy is expected for route verification 
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statements and overconfidence is expected for survey verification statements. When male 

participants learned the route from a determinate type of input, they are expected to 

always show underconfidence. However, the degree of underconfidence is expected to 

vary depending on the type of input from which the route was learned and the perspective 

from which verification statements were formulated: underconfidence is expected to be 

greater when verifying statements formulated from the same perspective from which the 

route had been learned. When participants learned the route from overdeterminate input, 

females are expected to be overall highly overconfident. In particular, female participants 

are expected to be more overconfident when verifying statements formulated from the 

perspective from which they did not learn the route. Male participants, on the contrary are 

expected to show good absolute accuracy when verifying route statements and the route 

is learned from a map. Underconfidence is expected in the other three situations, with 

higher levels of underconfidence expected when verifying route statements and learning 

the route from a description. 
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Figure 19: Expected absolute accuracy for use of route information as a function of 
gender, amount of information in the input, input type, and perspective of statements. 

 

Method 

Materials 

Questionnaire. The pre-experimental questionnaire was the same used in 

Experiment 1 and Experiment 2. 

Descriptions. Four routes, connecting two points in four fictitious environments 

(a downtown area, a business area, a University campus and a zoo), were created by the 

experimenter. The route in Mount Lebanon City was adapted from the one contained in 

Schneider and Taylor (1999), the other three were created by the experimenter and do not 

refer to any specific existing environment. For each of the four routes, two different 

descriptions were developed: a determinate description, including streets and landmarks 
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located right before or right after a change of direction, and an overdeterminate 

description, including the same elements present in the determinate descriptions and 

landmarks and other streets located along the route. Determinate and overdeterminate 

descriptions for Mount Lebanon City were adapted from Schneider and Taylor, (1999). 

All the descriptions were developed from a route perspective, i.e., describing the 

environment from the point of view of the traveler and using terms such as left and right. 

Table 17 shows the number of streets and landmarks contained in each description, as 

well as the number of words and paragraphs. 

Table 17: Characteristics of determinate and overdeterminate descriptions used in 
Experiment 3. 

 

 Determinate descriptions Overdeterminate descriptions 

 Env. A Env. B Env. C Env. D Env. A Env. B Env. C Env. D 

# of words 

 

223 230 233 228 222 233 228 232 

# of 

sentences 

 

14 15 14 13 13 13 13 13 

# of 

landmarks 

 

4 4 4 4 9 9 9 9 

# of streets 6 6 6 6 8 8 8 8 

 

Maps. Eight maps were drawn, one for each of the eight textual descriptions: four 

determinate maps, i.e., containing only landmarks located right before or right after a 

change of direction, and four overdeterminate maps, i.e., containing, in addition to all the 
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elements contained in the determinate maps, additional landmarks and streets located 

along the route.  

Verification statements. For each determinate description, a set of twelve true-

false verification statements was developed: Six of the statements assessed knowledge 

from a route perspective, the other six from a survey perspective (Appendix E). Since 

determinate and overdeterminate descriptions differed in the number of landmarks and 

streets included, the verification statements tested only knowledge of elements common 

to both descriptions of an environment. The language used in the verification statements 

was the same used in the verification sentences formulated for Experiments 1 and 2.  

Procedure  

As in Experiment 1 and 2, participants were tested in small groups (2-6) in a lab 

setting. Before beginning the actual experiment, they were asked to read and sign the 

informed consent form, and complete the pre-experimental questionnaire. Immediately 

after, participants were informed that their task was to learn a total of four routes 

connecting two locations in four different fictitious environments, either by reading a 

textual description or by studying the route drawn on a map. Each participant learned two 

determinate and two overdeterminate routes, presented to them in random order, either 

from maps or from written descriptions Participants were allowed a study trial lasting 

three minutes to learn the first route. They were then asked to judge how much of the 

route they thought they would be able to remember at later test time and how likely they 

were to be able to use the information learned to reach the target destination. As in 

Experiments 1 and 2, judgments of learning were prompted by the following two 



Texas Tech University, Sara Girotto, August 2012    
 

103 
 

statements respectively: “Please, assess on a scale from 0 to 100 your confidence that you 

can remember the route. If you are not confident at all that you can remember the route, 

you may choose 0 – not confident at all. If you are completely confident that you can 

remember the route, indicate that with 100. You may also choose any number between 0 

and 100 to express less than complete confidence in your memory or lack of it” and 

“Please, assess on a scale from 0 to 100 your confidence that you can use the route that 

you just studied to reach the destination point. If you are not confident at all that you can 

use the route to reach the destination, you may choose 0 – not confident at all. If you are 

completely confident that you can use the route to reach the destination, indicate that with 

100. You may also choose any number between 0 and 100 to express less than complete 

confidence in your ability to reach the destination using the route just studied.”  After 

JOLs were produced, participants proceeded to the study of the second route, following 

the same procedures just described for the first route. After the second route was studied 

and the relative JOLs produced, participants were tested on their knowledge and memory 

for the two routes. The tests used were the same as in Experiment 1: to test memory for 

the route participants were asked to reproduce the route learned either by writing down 

the directions (if the route was learned from a textual description) or by drawing route 

itself on a blank sheet of paper (if the route was learned from a map). Route memory 

recall was measured by the total number of items recalled: one point was assigned for 

each street and landmark name correctly included, for each street and landmark placed in 

the correct order along the route, and for each correct turn from one street to another 

recalled. Half points were assigned when a landmark or a street was mentioned in a map 
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or description but without being identified with a name or when it was identified with a 

partially correct name. Participants were not required to recall the exact words of the 

original description for recall to be considered accurate. For determinate maps and 

descriptions the highest possible recall score was 37.5; for overdeterminate maps and 

descriptions, the maximum recall score was 56.5.  

The ability to use the route was tested by means of true-false verification 

statements. For each route learned, participants had to verify four statements, two from a 

route perspective and two from a survey perspective. If they believed the statement was 

correct, participants answered by circling the word true; if they believed the statement 

was not correct, they circled the word false. After this testing phase was concluded, 

participants learned the remaining two routes, produced JOLs and went through memory 

and route knowledge assessment, following the exact same procedures described for the 

first two routes. The experimental procedures take into consideration the fact that, in the 

real world, it is uncommon to learn four different routes in sequence and then be tested 

on each of them at a later time. On the contrary, it is not uncommon for individuals to 

have to learn the way to a couple of places when first finding themselves in a new 

environment. 

Before the experimental trials began, participants were given a practice trial in 

order to familiarize with the overall experimental procedures. The practice trial differed 

from a regular trial in the length of the route to study, which was shorter, and in the 

number of verification statements presented at test time, which were only one for each 
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perspective. The materials used in the practice trial were the same for all participants and 

can be found in Appendix E. 

Participants 

Participants were recruited using the same procedure followed in Experiment 1 

and 2. Given that gender is an important variable in this experiment, equal number of 

men and women was recruited. In order to determine the number of participants needed 

in the experiment, a power analysis was conducted, following the guidelines contained in 

Keppel and Wickens (2004). Omega squared was estimated using the data (F value, 

number of groups and number of subjects per group) reported in Schneider and Taylor’s 

(1999) Experiment 2. The computations produced an estimated omega squared of .144. 

Based on this value and assuming a desired power of .80 and a significance level of .05, 

approximately 16 participants per group are needed, for a total of 64 participants. The 

four groups were determined by the combination of the two between-subjects variables: 

gender (females vs. males) and type of input from which the environment is learned (map 

vs. description). 

Statistical Methods 

Because there were no predictions regarding the specific environments, mean 

performance across the environments was computed and used in the analyses. Given that 

the environments differed in the amount of information contained, mean performance 

was computed separately for determinate and overdeterminate environments. 

In order to understand if and how memory for the route and relative confidence 

judgments change depending on the type of input, amount of information contained in the 
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input and gender of the participants, a series of repeated measures ANOVAs was 

conducted. A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: male, female) repeated measures  ANOVA was conducted 

on participants’ confidence judgments relative to their ability to recall the information 

learned at later test time. In this and in the following analyses, Information amount is a 

within subjects variable, whereas Input type and Gender are between subjects variables. 

A significant main effect of Input type would indicate whether learning from a map 

increases participants’ confidence in their memory ability. A significant main effect of 

Information amount would indicate that memory JOLs differ for determinate and 

overdeterminate input. A main effect of Gender would indicate that memory JOLs differ 

depending on participants’ gender. A significant three-way interaction would indicate 

that the nature of the relationship between Input type and Gender differs depending on 

the amount of information contained in the input. The same analysis was performed on 

recall score for determinate and overdeterminate input, in order to understand how 

memory for the route changes based on input type, amount of information and 

participants’ gender. A main effect of Input type would test for a map advantage, a main 

effect of Information amount would test for an advantage of determinate input, a main 

effect of Gender would test for gender difference in ability to recall the information 

learned. A significant three-way interaction would indicate that the nature of the 

relationship between Input type and Gender differs depending on the amount of 

information contained in the input. The last analysis concerning memory for the route and 

corresponding confidence judgments was conducted after computing absolute accuracy 
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of memory judgments: A 2 (Input type: map, description) x 2 (Information amount: 

determinate, overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA 

was conducted to investigate how absolute accuracy of memory judgments changes 

depending on  the type of input from which the route is learned, the amount of 

information in the input and the gender of the participants. A significant main effect of 

Input type would indicate whether learning from a map increases participants’ absolute 

accuracy in memory judgments. A significant main effect of Information amount would 

indicate that absolute accuracy of memory judgments differ for determinate and 

overdeterminate input. A main effect of Gender would indicate that absolute accuracy of 

memory judgments differ depending on participants’ gender. A significant three-way 

interaction would indicate that the nature of the relationship between Input type and 

Gender differs depending on the amount of information contained in the input. In all the 

analyses just described, simple-effects tests were used when appropriate to analyze 

interaction effects. 

A second set of analyses was conducted to understand how mental representations 

and confidence in ability to use the information acquired change depending on the 

amount of information contained in the input and as a function of the type of input and 

gender of the participants. A 2 (Input type: map, description) x 2 (Information amount: 

determinate, overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA 

was conducted on participants’ confidence in their ability to use the route information 

learned. A significant main effect of Input type would indicate whether learning from a 

map increases participants’ confidence in their ability to use, at later time, the route 
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information learned. A significant main effect of Information amount would indicate that 

confidence judgments differ for determinate and overdeterminate input. A main effect of 

Gender would be indicative of gender effects in confidence judgments. A significant 

three-way interaction would indicate that the type of relationship between Type of input 

and Gender is different depending on the amount of information contained in the input. 

To test if and how mental representations change depending on the amount of 

information contained in the input, a 2 (Input type: map, description) x 2 (Information 

amount: determinate, overdeterminate) X 2 (Gender: males, females) X 2 (Test type: 

route vs. survey) repeated measures ANOVA was conducted on participants’ 

performance on true-false verification statements. In this and in the analyses described in 

the following section, Information amount and Test-type are within subjects variables, 

whereas Input type and Gender are between subjects variables. As in earlier analyses, a 

main effect of Input type was used to test whether maps have a learning advantage, 

similarly, a main effect of Information amount was used to test whether determinate input 

has a learning advantage. A significant four-way interaction with amount of information 

would indicate that the nature of the relationship between Input-type, Gender, and Test-

type changes depending on the amount of information contained in the input. After 

computing absolute accuracy of use of route information judgments, an analysis was 

performed to investigate how absolute accuracy of use of route information judgments 

changes depending on the amount of information contained in the input, the input itself, 

participant’s gender and the perspective from which verification statements are 

formulated. A 2 (Input type: map, description) x 2 (Information amount: determinate, 
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overdeterminate) X 2 (Gender: males, females) X 2 (Test-type: route, survey) repeated 

measures ANOVA was performed on absolute accuracy judgments for determinate and 

overdeterminate environments. A main effect of Information amount was used to test 

whether participants’ absolute accuracy is better when they learn from determinate input. 

A main effect of Input type was used to test whether absolute accuracy is better when 

they learn from a map. Main effects of Gender and Test-type was used to test whether 

males and females have different levels of absolute accuracy and whether absolute 

accuracy depends on the perspective from which verification statements have been 

formulated. Once again, a significant four-way interaction with amount of information 

would indicate that the nature of the relationship between Input-type, Gender, and Test-

type changes depending on the amount of information contained in the input. Simple-

effects tests were used when appropriate to analyze interaction effects.  

Results 
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Table 18 shows the descriptive data for the participants in this experiment. 
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Table 18: Descriptive data for participants in Experiment3. 
 

 Count Percentage  N Mean Std. 
Deviation 

Males 
 

46 50.00% Age 92 19.93 4.20 

Females 46 50.00% Years 
studying 
foreign 
language  

85 3.07 1.92 

No Foreign 
Language 

8 8.70% Years 
studying 
music 
instrument  

21 5.14 2.20 

Yes Foreign 
Language 

84 91.30% Handedness 90 4.35 .839 

No Musical 
Background 

50 54.95%     

Yes Musical 
Background 

41 45.05%     

 

 In this section, results for Experiment 3 are presented. Similarly to Experiments 1 

and 2, all results concerning memory for the route (confidence, actual performance, and 

absolute accuracy) are discussed first, followed by the results concerning use and mental 

representation of the route information acquired (confidence, actual performance, and 

absolute  accuracy). Also, as in Experiments 1 and 2, correlations among individual 

difference variables and dependent variables were computed. 
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Hypothesis 1 - Confidence in Memory for Route 

A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA was 

conducted on participants’ confidence judgments of their ability to recall the information 

learned at later test time. Confidence judgments ranged from 0 to 100. The analysis 

revealed two significant main effects: a main effect of Input type [F(1,88) = 14.14, p = 

.000] and a main effect of Information amount [F(1,88) = 5.83, p < .05)]. The two and 

three-way interactions did not reach significance (all F values < 2.34). The significant 

difference between JOLs for maps (M = 55.47) and for descriptions (M = 35.80) indicates 

that participants are more confident in their ability to recall route information when the 

environment is learned from a map than from a description. The significant difference 

between JOLs for determinate input (M = 47.96) and overdeterminate input (M = 43.31) 

indicates that participants are more confident in their recall ability when they learn from 

determinate input than when they learn from overdeterminate input. Contrary to the 

expectations, the interaction between Information amount and Gender did not reach 

significance. The analysis did not provide evidence for the expected gender differences in 

memory confidence as a function of the type of input and of the amount of information. 

Females do not show higher confidence than males in ability to remember the 

information learned from overdeterminate input. 

Hypothesis 2 - Memory for the Route 

A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA was 
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conducted on participants’ memory for the route.  Memory for the route was computed as 

the percentage of correctly recalled items. The analysis revealed two significant main 

effects: a main effect of Input type [F(1,88) = 110.52, p = .000] and a main effect of 

Information amount [F(1,88) = 85.14, p = .000)]. The percentage of correctly recalled 

items is higher when the information is acquired from a map (M = 55.88) than when the 

information is acquired from a description (M = 25.77). Additionally, participants recall 

more information when learning from determinate (M = 47.50) than from 

overdeterminate (M = 34.15) input. No interactions reached significance (all F values < 

2.74). The analysis did not reveal the expected gender differences in ability to recall 

information learned. Males and females do not differ in their ability to recall information 

depending on Input type and Information amount.  

Hypothesis 3 - Absolute Accuracy of Memory Judgments  

Absolute accuracy of memory judgments was computed by subtracting 

percentage of items correctly remembered from memory confidence judgments. Positive 

absolute accuracy values indicate that participants are overconfident when asked to judge 

their ability to recall information; negative absolute accuracy values, on the contrary, 

indicate underconfidence. A 2 (Input type: map, description) x 2 (Information amount: 

determinate, overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA 

was conducted on participants’ absolute accuracy of memory judgments. The analysis 

revealed two significant main effects: a main effect of Input type [F(1, 88) = 5.73, p < 

.05] and a main effect of Information amount [F(1, 88) = 23.77, p < .05]. The significant 

difference between absolute accuracy for maps (M = -0.41) and the one for descriptions 
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(M = 10.04) indicates that participants are accurate in judging their ability to recall 

information when learning from maps. When learning from descriptions, however, they 

are overconfident (they think they can remember more than they actually do). Similarly, 

participants are accurate in their judgments when learning from determinate input (M = 

.464) as opposed to showing overconfidence when learning from overdeterminate input 

(M = 9.16). No interactions reached significance (all F values < 1.44). Once again, the 

expected gender differences did not emerge from the analysis: absolute accuracy for 

judgments of learning of memory judgments does not differ for females and males.  

Hypothesis 4 - Confidence in Use of Route Information 

A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: males, females) repeated measures ANOVA was 

conducted on participants’ confidence in their ability to use the route information learned. 

The analysis revealed a significant main effect of Input type [F(1,88) = 11.90, p < .005], 

and a marginally significant main effect of Information amount [F(1,88) = 3.78, p = 

.055]. Participants are more confident in their ability to use the information learned when 

they studied a map (M = 63.39) than when they studied a description (M = 42.23). The 

marginally significant main effect of Information amount indicates that confidence 

judgments tend to be higher when information was learned from determinate maps and 

descriptions (M = 54.73) than when information was learned from overdeterminate input 

(M = 50.90). None of the interactions reached significance (all F values < 1.91). In 

particular, the analysis did not reveal any gender differences in confidence in use of route 

information: confidence judgments do not differ for females and males. 
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Hypothesis 5 - Mental Representation of Route 

A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: males, females) X 2 (Test type: route, survey) repeated 

measures ANOVA was conducted on participants’ performance on true-false verification 

statements. The highest possible number of statements correctly verified for each route 

studied was four, two route statements and two survey statements. The analysis revealed 

a significant main effect of Input type [F(1, 88) = 34.62, p = .000]. This indicates that 

participants learning from maps verify correctly more statements (M = 1.36) than 

participants learning from descriptions (M = 1.00). No interactions reached significance 

(all F values < 3.06). Contrary to expectations, the main effect of Information amount did 

not reach significance, suggesting that the amount of information contained in the input 

does not influence performance on verification statements. Also, the expected gender 

differences in verification performance did not emerge from the analysis: males and 

females were equally able to verify statements. Finally, participants did not show any 

advantage in their ability to verify statements when they were formulated in the 

corresponding perspective. These findings seem to indicate that the mental representation 

that is being formulated is not perspective dependent. One possible reason why the 

expected effects did not reach significance, though, is that we might be in presence of a 

floor effect, as the verification statements performance is overall close to chance 

performance. Participants could be just trying to guess, indicating that the materials might 

be too complex to allow the successful development of a mental representation that 

would be actually useful for navigating the environment.   
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Table 19: Means and standard deviations for verification statements. 
 

Information 
Amount 

Perspective N Minimum Maximum Mean Std. 

Deviation 

Overdeterminate Survey 94 0 2.0 1.08 .58 

 Route 94 0 2.0 1.12 .55 

Determinate Survey  94 0 2.0 1.14 .52 

 Route 94 0 2.0 1.24 .59 

 

Hypothesis 6 - Absolute Accuracy of Use of Route Information 

Absolute accuracy of use of route information judgments was computed by 

subtracting the percentage of statements correctly verified from the judgments of use of 

route information learned, produced by participants for determinate and overdeterminate 

input. Since verification statements were formulated from two different perspectives 

(survey and route), absolute accuracy was computed separately for each of the two 

perspectives. A 2 (Input type: map, description) x 2 (Information amount: determinate, 

overdeterminate) X 2 (Gender: males, females) X 2 (Test-type: route, survey) repeated 

measures ANOVA was performed on participants’ absolute accuracy of use of route 

information. The analysis did not reveal any significant main effects or interactions (all 

F-values < 1.75), thus indicating that absolute accuracy of use of route information does 

not depend on the interaction between type of input, amount of information contained in 

the input, gender, and perspective from which the statements are formulated. The analysis 

did not reveal the expected gender differences in absolute accuracy of use of route 

information. 
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Table 20: Means and standard deviations of absolute accuracy of verification statements. 
 

Information 

Amount 

Perspective N Minimum Maximum Mean Std. 

Deviation 

Overdeterminate Survey 94 -96.50 70.00 -4.32 40.84 

 Route 94 -75.00 65.00 -6.45 34.45 

Determinate Survey  94 -75.00 97.50 -3.47 37.57 

 Route 94 -100.00 87.50 -8.52 37.19 

 

Correlations among Measures of Individual Differences and Measures of 

Performance and Confidence  

 Correlations among the measures collected in the pre-experimental questionnaire, 

relative to knowledge of foreign language, musical background and handedness, and the 

dependent variables collected in Experiment 3, confidence in memory judgments, recall 

performance, confidence in use of route information, and verification statements 

performance, were computed. As Table 21 shows, no significant correlations emerged 

between length of knowledge of a foreign language and the dependent variables or 

between musical background and the dependent variables collected. Weak negative 

correlations were found between handedness and the ability to correctly verify statements 

from a survey (r = -.24, p < .05) and from a route perspective (r = -.23, p < .05). 
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Table 21: Correlations among individual differences and measures of performance and confidence. 
 

  
JOLs 

 

 
Verification Statements 

 
Memory 

 Mem 
Over 

Use 
Over 

Mem 
Det 

Use 
Det 

Survey 
Over 

Route 
Over 

Survey 
Det 

Route 
Det 

Recall 
Det 

Recall 
Over 

Years 
studying 
foreign 
language  
 

r -.104 -.145 -.038 -.099 .001 .121 -.024 -.055 .023 .010 

Sig.  .342 .185 .730 .369 .994 .272 .827 .618 .835 .926 

N 85 85 85 85 85 85 85 85 85 85 

Years 
studying 
music 
instrument 
 

r -.283 -.172 -.071 .039 -.154 -.212 .068 -.088 -.263 -.251 

Sig.  .214 .457 .759 .866 .506 .356 .771 .704 .249 .272 

N 21 21 21 21 21 21 21 21 21 21 

Handedness r .029 -.021 -.071 -.091 .033 -.243 -.231 -.077 -.045 -.064 

Sig.  .785 .845 .504 .391 .757 .021 .028 .468 .672 .548 

N 90 90 90 90 90 90 90 90 90 90 
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Discussion  

 This last experiment had two main goals: the first goal was to investigate if and 

how mental representations of space vary based on the amount of information contained 

in the input. The second goal was to investigate whether the amount of information 

contained in the input impact, positively or negatively, participants’ confidence in their 

learning of spatial information. Given the evidence in the literature that gender 

differences in acquisition and use of spatial information, especially in landmark memory 

and use, exist, gender was one of the variables in the experiment. It was predicted that 

females and males would show differences in their learning performance and in their 

confidence judgments, due, at least in part, to the amount of information contained in the 

input. 

 The analyses of memory confidence and performance revealed that participants 

are more confident in their ability to remember the information learned and better able to 

recall the information learned when they learn from a map than when they learn from a 

description. Also, memory recall is higher when route information is learned from 

determinate than from overdeterminate input. Interesting findings emerged from the 

analysis of absolute accuracy of memory judgments: participants are accurate in their 

ability to judge how much they learned when information is acquired from a map and 

when it is acquired from determinate input. When learning occurs from description or 

from overdeterminate input, participants display overconfidence; they are not able to 

correctly monitor the learning process and overestimate how much knowledge they 

acquired. It seems that descriptions and including more information than needed in route 
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maps or descriptions should be avoided to facilitate better monitoring of learning 

processes. This finding is definitely worth further investigation, as having more 

information on why this happen could help in designing better aids to the acquisition of 

spatial information.  

 Similar effects were found for confidence in use of route information and for 

verification statements performance. Participants display higher confidence levels when 

learning from a map than a description and when learning from determinate than 

overdeterminate input. When it comes to verification statements performance, it seems 

that the amount of information contained in the input is not that relevant to performance. 

What matters is the type of input from which learning occurs: participants have better 

verification performance when they learn from maps. The fact that there were no 

differences in verification performance for survey and route statements does not help in 

understanding how the mental representation of the route is formed (perspective 

dependent or perspective free). Contrary to what found for absolute accuracy of memory 

judgments, no differences in absolute accuracy of use of route information emerged. This 

is not really helpful as it is not possible to determine the impact of type of input and 

amount of information contained on ability to monitor learning processes.  

Once again, the map advantage that emerged in Experiment 1 is confirmed: as 

memory recall and performance on verification statements show, better learning of route 

information occurs from maps. Contrary to expectations, no evidence emerged from the 

analysis in support of gender differences in learning of spatial information and in 

confidence judgments. This could be due to the specific type of input that was used in the 
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experiment, too complex, or, as some literature seems to suggest, to the fact the gender 

differences are actually disappearing.  
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CHAPTER IV 

GENERAL DISCUSSION 

Two issues related to spatial cognition have been investigated in this study. The 

first issue concerns the nature of the mental representation developed after learning an 

environment. In particular, the study was aimed at gaining better understanding of 

whether the mental representation developed after learning an environment has different 

characteristics depending on the input from which the environment has been learned 

(Experiments 1 and 2), the amount of information available in the environment learned 

(Experiment 3) and whether such characteristics change as learning of the environment 

progresses (Experiments 1 and 2). The second issue of interest, which was addressed in 

all the experiments conducted, concerns the subjective feeling of learning spatial 

information. In particular, I was interested in whether individuals are able to correctly 

predict how much of a certain route they will be able to remember at later test time and 

how much of the information learned they will be able to use to reach the destination of 

interest. This is a new field of application of the judgments of learning methodology and 

could be extremely useful in terms of investigating not only individuals’ actual 

performance when acquiring spatial information, but also how aware they are of the 

learning that is occurring. 

The results of Experiment 1 and 2 did not confirm Lee and Tversky’s (2001; 

2005) findings according to which, as learning progresses, mental representations of an 

environment change from being dependent from the perspective from which it has been 

learned to being perspective free. The change was expected independently of the type of 

input from which the environment had been learned. Considering that Thorndyke and 
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Hayes-Roth (1982) observed that perspective-dependence was no longer present as the 

participants’ familiarity and experience with the environment increased, the failure of this 

study to show changes in mental representations over time could be due to insufficient 

study time provided. Changes in perspective could require more study trials, longer study 

trials, or study trials that are not consecutive. Changes in perspective could occur in the 

latter but not in the former. Another possible reason why these findings differ from the 

ones in Lee and Tversky (2001; 2005) could be the different recall test that was utilized. 

Lee and Tversky (2001; 2005) asked all participants to recall the environment learned by 

drawing a map, independently of whether they learned it from a map or from a 

description. In this study, the recall test was input dependent: drawing a map if the 

environment had been learned from a map, writing directions if the environment had been 

learned from a written description. This difference in methodology could be the reason 

why participants did not show the expected changes in mental representations. 

Considering Experiment 1, a recall test in which participants are tested for both 

perspectives could provide a more stringent test of equivalence of mental representations. 

Participants learning from a map should be asked to recall the information both by means 

of a map drawing task and by producing a written description of the information learned. 

Similarly, participants studying the written description should be asked to produce a 

written description and a map of the route learned. Follow-up studies will be necessary to 

address these methodological limitations. 

In spite of the lack of evidence supporting the shift in perspective during learning, 

Experiment 1 results provide some evidence supporting the hypothesis that, independent 
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of the perspective from which the route is learned, the mental representation is first 

developed from a route perspective. This finding seems to imply that, when studying a 

map, individuals think about the route represented in terms of right-left turns and do not 

use cardinal directions. Considering that the maps and descriptions used in this study 

describe relatively short distances, it is important to question whether the same results 

would be obtained if the study materials covered longer distances. Intuitively, it seems 

that when dealing with longer distances, orientation and mental representation would be 

more likely to include references to cardinal directions. Thus, individuals might be more 

prone to think in terms of right-left when looking at a map representing short distances 

and more prone to think in terms of cardinal directions when studying maps representing 

longer distances. 

Map advantage over description has strongly emerged throughout the study, both 

in terms of providing better memory recall and in terms of providing increased route 

knowledge. This is in agreement with the Pazzaglia & De Beni (2001) and the Zimmer 

(2004) findings indicating that maps have a learning advantage over verbal material.  

Additionally, if descriptions are the only type of input available, then conveying spatial 

information from a route perspective is more beneficial to the individual. 

 Including more information than needed in the description of a route is not as 

helpful for the individual. Trying to remember unnecessary information can hinder the 

learning process, as measures of recall performance in Experiment 3 show.  

When it comes to the subjective feeling of learning spatial information, 

participants were more confident when learning the route from maps as compared to 
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route descriptions (Experiment 1 and 3) and from route descriptions as compared to 

survey descriptions (Experiment 2). This could be due to the fact that maps and route 

descriptions are the type of input more commonly found in everyday situations and, as a 

consequence, users are more familiar with. Also, confidence judgments reveal that 

individuals seems to be able to discriminate when information is too much, as the fact 

that they are more confident for determinate than overdeterminate input shows.  

The analysis of absolute accuracy failed to produce a UWP effect (Experiments 1 

and 2) wherein participants become underconfident with practice. Since UWP effects are 

consistently found in other learning situations, this is a result that is definitely worth 

further investigation. In particular, it would be interesting to understand whether this is a 

consistent characteristic of spatial information. If presenting the information repeatedly 

does not impair individuals, new ways of presenting spatial information could be found.   

Findings concerning confidence judgments and absolute accuracy of judgments are very 

relevant in terms of determining the best way to convey spatial information. Also, as 

Experiment 3 showed, including unnecessary information can make it more difficult for 

the users to monitor their learning. 

The findings described above indicate that taking into consideration subjective 

feelings of learning, associated with a determinate type of input, is as important as 

considering actual performance. Individuals learning spatial information do not always 

have ways to test their knowledge before using it. For this reason it is important for them 

to be able to accurately predict whether the amount of information and the allotted study 

time is adequate to the task that they will have to perform. This study is a first step in that 
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direction. By further investigating those situations in which accurate absolute accuracy 

has been produced in this study, it is possible to have insights on what makes such 

accurate judgments possible and use what is learned to improve the acquisition of spatial 

information in those situations in which overconfidence and underconfidence are found. 

Also, investigating those situations in which overconfidence or underconfidence is 

developed is equally important: learning the reasons why discrepancies between 

individuals’ confidence and actual performance occur would be helpful when designing 

navigation aids. To effectively use such aids, individuals need to have a good sense of 

whether they are getting all the information they need to perform a certain task.  

Additional investigation is needed to understand why gender differences did not 

emerge in this study. Based on the findings by MacFadden, Elias, and Saucier (2003), 

males were expected to do better with survey descriptions and females were expected to 

show better memory for landmarks. Also, Perrig and Kintsch (1985) showed that 

females’ mental representation generally maintained the perspective from which the 

environment was learned. Males, on the contrary, seemed to develop a survey 

perspective, independently from the way in which the environment was learned. Failure 

to produce gender differences in Experiment 3 could be due to the specific materials 

used. Given the common knowledge that males and females differ when they perform 

different kinds of spatial tasks, these results may indeed seem surprising. However, it is 

also important to consider that there are studies that have highlighted situations in which 

males and females have comparable performances on spatial tasks, however they differ 

greatly in the strategies and processes that they use to perform the task. Thus, the fact that 
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this study did not reveal gender differences does not necessarily mean that males and 

females use the same processes when performing the tasks. 

Future research should consider studies involving real world situations, both when 

learning the information and when testing how much information has been acquired: The 

processes occurring during learning of spatial information from maps and written 

description and corresponding formation of mental representations could differ from the 

ones occurring in a real environment where actual navigation or visual clues can be used. 

A major contribution of this study is to inform the development of new 

technology, especially considering the constantly changing way in which spatial 

information is acquired. Future research should investigate whether a route perspective is 

most beneficial to individuals. Having insights on the way in which map input influences 

the development of mental representations would be informative for the development of 

navigation aids. GPS technology, computer based technology and other technology based 

systems with the goal of aiding the acquisition of spatial information have a great role in 

how we learn and develop mental representations of space. When evaluating such 

systems, developers should not only take into consideration how effectively they can 

deliver the required information, but also if and how they allow users to effectively 

monitor their learning. 
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APPENDIX A 

EXTENDED LITERATURE REVIEW 

Spatial Cognition Section 

Spatial environments can be experienced both directly, as in situations in which 

we actually navigate in an environment, and indirectly, like when we consult maps, watch 

a video or a slide presentation, or listen to or read a description of an environment. 

Spatial cognition researchers are interested in investigating the processes that are 

operating during the acquisition of spatial knowledge, what elements are learned and 

retained and which type of mental representation is developed. Different areas of spatial 

cognition have focused on the different ways in which we can learn and on what it is that 

we learn. Researchers have also tried to compare the results across different modalities of 

learning, such as learning from a map or from a description or from navigation of the 

space, in order to investigate whether differences can be found in our knowledge of space 

depending on the learning process itself. Table 1 (p. 4) provides an overview of the 

different means by which spatial knowledge can be acquired. In the next sections, an 

overview of the main issues that are being currently investigated in the spatial cognition 

literature will be provided. 

Types of mental representations 

In spite of the many different ways in which spatial information can be acquired, 

it is commonly assumed that the end-product of the learning phase is some type of mental 

representation (see for example Taylor & Tversky, 1992). Both language and direct 

experience with an environment instill complex representations of space. The main 
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difference between the two is that language has the role of conveying spatial experience 

vicariously. 

Starting with Tolman (1948), it was believed that mental representations 

generated from experience with space were in the form of some kind of map, which 

Tolman (1948) referred to as “cognitive map.” Being thought of as maps, the mental 

representations are assumed to contain elements such as landmarks and routes (which are 

commonly found in real maps) and to represent the environment in a survey like 

perspective (Tversky, 1993). In spite of this belief, there has been increasing evidence 

that systematic distortions are present in memory of the spatial world (see McNamara, 

Hardy, & Hirtle, 1989). In light of these findings, it seems more likely that mental 

representations of space are composed of a collection of related information, some more 

visual and spatial, others more linguistic, that do not necessarily mirror what is in the real 

world. According to Tversky (1993) it is more the case that mental representations of 

environments are put together in an ad hoc way to suit purposes relevant to the current 

task that need to be performed rather than being retrieved as unitary wholes (as in the 

case of a map). For this reason, according to Tversky (1993), we should refer to them as 

cognitive collages and not as cognitive maps. The main idea here is that there is no one-

to-one correspondence between the external environment and the representation that we 

have as a result of experiencing it directly or indirectly. This is confirmed by the fact that 

the main difference between a regular map of an environment and its cognitive 

representation is that the latter is hierarchical (McNamara, 1986). The elements in the 

mental representation are grouped according to features such as buildings’ function or 
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states in which cities are located. Such groupings are responsible for distortions in 

judgments of distance. For example, people judge San Diego and San Jose, both located 

in California, to be closer than San Diego and Phoenix, located in Arizona, in spite of the 

fact that San Diego is actually closer to Phoenix than to San Jose. This happens because 

in their mental representation all cities in the same state are grouped together and 

perceived to be closer to each other than cities that are in different states. This happens 

independently from the actual distance between the cities in the same state. Distance 

judgments are also distorted depending on whether the distance is estimated relative to an 

ordinary building or to a landmark. Individuals tend to judge the same distance to be 

shorter when asked to estimate the distance between a certain point and a landmark and 

greater when asked to estimate the distance from a certain point to an ordinary building 

(Sadalla et al., 1980). 

According to Tversky (1993), research on mental representation of space derived 

from descriptions indicates that people can mentally construct simple scenes, referred to 

as situation models. Although based on the descriptions read, such mental scenes do not 

have a one to one correspondence with the description. Also, when it comes to the 

representation of distance, it is more likely for situation models to represent distance 

information in a categorical way, i.e., by means of the number of units (landmarks on a 

map, rooms in a building, etc.) that are present between the elements in the spatial 

representation, than in a Euclidean way, i.e., by means of the actual metric distance 

among the elements in the mental representation. This is similar to what researchers 

found in the case of representations derived from direct experience with the real world 
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(Tversky, 1993; Rinck, Hähnel, Bower, & Glowalla, 1997). Situation models have been 

found to be updated by the individual as the situation evolves thanks to the added 

information that is gradually learned from the description of the environment. Tversky 

(1993) defines a spatial mental model as a representation of a simple or well learned 

environment (or both) which captures the categorical spatial relations among the 

elements contained in the environment, allows perspective-taking, reorientation and 

spatial inferences. As briefly mentioned, they may not preserve metrical information (as 

cognitive maps are instead assumed to do) but preserve coarse spatial relations coherently 

(which cognitive collages do not). Also, a spatial mental model is not an image-like 

representation, but more a model of the situation that is described in the text.   

Taylor and Tversky (1992) demonstrated that individuals reading a textual 

description of an environment develop mental representations that are equivalent, in 

terms of knowledge about the spatial relations between landmarks, to the ones developed 

after studying a map of the same environment. In their study, participants were required 

to accomplish one of two tasks in order to learn an environment: read a description, either 

from a survey or a route perspective, or study a map. Once the learning phase was 

concluded, participants were asked to draw a map of the environment learned. The 

drawings produced were nearly error-free both for the participants reading the two types 

of descriptions and for the ones studying the map. In order to gather more knowledge on 

the type of mental representation that was developed after learning from maps and from 

descriptions, participants were asked to answer to both verbatim and inference questions 

(formulated from both survey and route perspective). Verbatim questions were always 
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answered in a faster and more accurate way than inference questions. According to the 

authors, this finding suggests that the questions were verified against a representation of 

the text itself and not of the situation described. Performance in answering inference 

questions for survey and route perspective was found to be equivalent, indicating that 

they were verified against a representation of the situation described in the text (spatial 

mental model) and not of the text itself. Overall, the study seems to indicate that after 

reading a descriptive text, participants develop two types of representation: a 

representation of the text itself and a representation of the situation described in the text. 

Also, the fact that performance for inference questions was the same, independent of the 

perspective from which the space was learned, supports the hypothesis that spatial mental 

models, i.e., the mental representations of the situation, are abstract types of 

representations that do not include an encoding of the perspective from which the 

environment is learned.  

Perspective-free or Perspective-dependent Mental Representations?  

Although the results of Taylor and Tversky’s (1992) study support the idea that 

spatial mental models developed after experiencing a space are perspective free, a review 

of other literature suggests different conclusions. In the following paragraphs 

representative pieces of research, investigating whether mental representations of space 

maintain the perspective from which an environment is initially learned, will be 

reviewed.  

As previously mentioned, there are two different perspectives from which an 

environment can be learned: a route perspective, which is characterized by an egocentric 
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reference frame, i.e., a situation in which location of targets are coded relative to the 

observer, and a survey perspective, characterized by a coding of distances relative to 

other objects present in the description. Thorndyke and Hayes-Roth (1982) found that 

when learning an environment from a map (survey perspective), participants had better 

performance on measures tapping into survey type of representations, such as pointing to 

unseen locations and distance estimation. When the same environment was learned from 

direct navigation (route perspective), participants had better performance on measures 

tapping into route type representations, such as route distance estimation and recognition 

of locations. These findings, indicating that the perspective from which an environment is 

learned is indeed maintained in the spatial representation, are in agreement with the ones 

reported in Taylor, Naylor and Chechile’s (1999) research. Taylor and colleagues found 

that participants who studied an unfamiliar campus by means of a map had overall better 

performance in tasks assessing spatial knowledge from a survey perspective (which is the 

same perspective from which the environment was learned). On the contrary, participants 

that learned the environment by navigating it had better performance in tasks assessing 

knowledge of the environment from a route perspective. In spite of these findings, the 

picture is not so clear after we consider the findings of the experiment by Thorndyke and 

Hayes-Roth (1982) after the participants were extensively exposed to the environment. 

Results show that perspective-dependence was no longer present as the participants’ 

familiarity and experience with the environment increased. One possible explanation for 

these findings is that the mental representation is perspective dependent when the 



Texas Tech University, Sara Girotto, August 2012    
 

147 
 

participants do not have a chance to form a complete representation of the space 

experienced, due to limited learning opportunities.  

Given that spatial descriptions have been found able to induce mental models of 

the environment described (Taylor and Tversky, 1992), the issue of whether such mental 

models are perspective free has also been investigated. The main question in this 

literature is whether the mental representation that is built after reading a description 

from a survey perspective is equivalent to one built after reading a description from a 

route perspective. Finding equivalence between the two would be indicative of 

perspective-free representations. One advantage that the consideration of learning an 

environment from a description gives is that the extent to which the environment is 

learned is more easily controllable (for example the time allowed to read could be 

limited). This helped researchers test the hypothesis that mental representations are 

perspective free when high familiarity with the environment has been achieved, as the 

results of Thorndyke and Hayes-Roth (1982) indicate. The type and amount of 

knowledge acquired from textual descriptions of space is generally tested by means of 

text-based questions of spatial layout. 

Perrig and Kintsch (1985) had participants read a description of a fictitious town 

either from a route or from a survey perspective. The knowledge was tested by means of 

text recall and inference questions. Results indicate that females’ mental representation 

generally maintained the perspective from which the map was learned. Males, on the 

contrary, seemed to develop a survey perspective, independently from the way in which 

the environment was learned. In spite of the interesting finding that males were able to 
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develop a survey perspective even when learning was based on a route perspective 

description, the results are ambiguous in term of the “perspective issue.” If subjects had 

been given enough time to read the descriptions and learn the environment, then 

perspective free representations should have been developed. The fact that the mental 

representations developed were perspective dependent could be indicating that 

participants were not allowed sufficient time to learn the environment or could support 

the hypothesis that environments learned from different perspectives always maintain the 

perspective from which they have been learned. 

Perrig and Kintsch’s (1985) results are in contrast with those of Taylor and 

Tversky (1992), previously described: they found mental representations derived from a 

descriptive text to be perspective-free. Lee and Tversky (2001, 2005) found comparable 

performance for participants exposed to route or survey perspective descriptions for 

responses to inference questions from both route and survey perspective. This seems to 

support Taylor and Tversky’s (1992) findings by indicating that the final mental spatial 

representation is perspective independent. The pattern of results is different if we 

consider what happens during the processing of the text description: when perspective is 

switched while the participant is reading the description, reading times slow down. This 

seems to indicate that up to that point the representation is built according to the 

perspective that is presented in the text and that switching perspective creates problems to 

the reader. In particular, the costs of switching perspective are greater when going from a 

route perspective to a survey one. The reader that is building a mental representation 

starting from a survey perspective seems to have a type of knowledge of the environment 
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that makes the switch to the route perspective easier. On the contrary, when the route 

perspective is at the base of the mental representation, it is more difficult to switch to a 

survey perspective. Another interesting finding that was reported by Lee and Tversky 

(2005) is that when visual descriptions of landmarks were included before a perspective 

switch, processing costs were not increased but actually decreased. Given that this 

facilitation effect was not found when an historical description of landmarks was 

included, it seems that it is the visual information provided by landmarks (which are 

perspective-independent), and not other type of landmark-related information, such as 

historical information, that might actually encourage the development of perspective-free 

mental models. 

Overall, these results point to the conclusion that once learning of the 

environment is complete, the resulting spatial representation is perspective independent. 

On the contrary, there is evidence for perspective dependence of the mental 

representation while the mental representation is actually being constructed. This 

account, derived from studies using descriptions as means of learning, is in agreement 

with the results obtained by Thorndyke and Hayes-Roth (1982), in which knowledge was 

acquired from maps and real world navigation. In their case perspective dependence in 

the mental representation disappeared once the environment became familiar. Thus, when 

perspective dependence of the mental representation was found, it was probably due to 

the fact that the representation was not built completely because of limited learning. 

However, as the knowledge of the environment became more complete, the mental 

representation became perspective-free. According to Tversky, perspective-free 
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representations are developed when the right level of abstraction is reached (Tversky, 

1993). 

Bryant and Tversky’s (1999) study, in which they investigated the nature of the 

mental representations derived after being exposed to diagrams and 3D models, indicates 

that the type of input from which an environment is learned is relevant in determining the 

type of mental representation that the individuals will develop. The type of mental 

representations developed was assessed by measuring participants’ retrieval time when 

responding to direction probes. They found that 3D models spontaneously generate 

mental representations with an inside (egocentric) perspective whereas diagrams generate 

mental representations with an outside perspective (allocentric).  

The type of input is not all that matters though: when explicitly instructed to take 

an outside perspective, participants viewing a 3D model developed a mental 

representation from that perspective. The opposite happened for participants viewing 

diagrams and asked to take an inside perspective: they were able to develop a mental 

representation from a perspective that was in contrast with the one that is usually 

generated. Thus, it seems that not only the type of input that is available to learn an 

environment determines the type of mental representation that is developed, but also the 

type of task that has to be accomplished. 

Overall, these results are not conclusive: from the literature previously discussed 

it seems that, independently of how spatial information is initially learned, the mental 

representation is perspective independent after extensive learning and that perspective-

dependent representations might be an intermediate, inevitable stage in construction of 
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spatial representations. Another possible explanation for the results obtained is that, when 

an environment is well learned, more than one perspective is present (Lee & Tversky, 

2005). Thus, given that the studies considered differ in terms of the difficulty of the 

environment and of the tasks used, more research is indeed needed to investigate to what 

extent perspective is maintained in the mental representation and whether that depends on 

the way in which the information is initially learned.   

Orientation-free or Orientation-dependent Mental Representations? 

McNamara and colleagues (2001; 2002) proposed that, when learning the location 

of objects in a new environment, individuals set up a spatial reference system. Such 

reference system provides the person with a conceptual “north” for the space 

experienced. Based on the reference system, all the locations within the environment are 

then defined. Which orientation is selected as the preferred one, among all the ones that 

are available, depends on a series of different factors, among which are the egocentric 

viewpoint (the viewpoint from one’s own body) and the instructions given to the person. 

Retrieval of spatial information is facilitated when tested against a preferred orientation 

(Rock, 1973). When particular perspectives (preferred orientations) are more accessible 

than others (non-preferred orientations), spatial memory is said to be orientation 

dependent. To be accessed, non-preferred orientations must be inferred by mentally 

transforming spatial information, a process that produces costs in terms of errors/latencies 

during memory access. Thus, retrieval of spatial relations aligned with preferred 

orientations is faster than retrieval of spatial orientations aligned with non-preferred 

orientations. 
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Similarly to the issue of whether the perspective from which an environment has 

been learned is preserved in the mental representation of the environment, researchers in 

spatial cognition have been interested in the issue of whether the orientation from which 

an environment is first learned is preserved in its mental representation. Most of this 

research has been conducted with small environments, such as rooms or tabletop 

displays, as subject of learning. For some time, based on the results of a series of studies 

conducted by Presson and colleagues (Presson, DeLange, & Hazelrigg, 1987, 1989; 

Presson & Hazelrigg, 1984), it was believed that the orientation from which an 

environment was learned was maintained in the mental representation of a path 

represented on a small map, but no effects of orientation were present for bigger 

environments (i.e., when the paths were located in a room). This belief was based on the 

fact that, after participants learned a four-point path in a room, no differences were found 

in the errors made to answer to aligned (in which they were asked to point to one location 

as if they were facing the same location from which they learned the environment) and 

misaligned questions (in which the pointing was as if they were facing a direction that 

was opposite to the one that they were in during learning). When aligned and misaligned 

questions were made in reference to the path learned from the map, participants were 

more accurate on aligned than on misaligned questions. Waller, Montello, Richardson 

and Hegarty (2002) questioned the results presented by Presson and colleagues. They 

asked participants to learn from a single viewpoint large paths (in a room-sized 

environment). After a 30 s learning phase and a 30 s retention phase, participants were 

tested by asking them to make judgments of relative directions from positions along the 
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path that were different from the one in which they learned it. Alignment effects were 

found when considering not only errors in direction giving but also latencies in answers. 

Thus, Waller et al.’s (2002) claim is that, if we consider latencies in answering to the 

questions, orientation effects in mental representations are found also for room-sized 

environments. This has been found to happen not only when space is learned from direct 

visual experience of a path in a room, like in Waller et al.’s (2002) experiment, but also 

when the space is learned from a map. Tlauka and Nairn (2004) had participants learn a 

map from one orientation, four orientations, or constantly rotating. Errors and response 

latencies in a pointing task increased with the degree of rotation from the 

learned/preferred orientation. Also responses were faster after the participants learned the 

map from a single orientation. Thus, even in this case, the mental representation of the 

environment was found to be orientation dependent. 

Yamamoto and Shelton (2005) investigated what happens when the same 

environment is learned by means of two different modalities. In particular, they studied 

how the reference axis is selected when learning an environment from vision and from 

proprioception. In Experiment 1, participants were asked to learn the layout of an 

environment either through vision or through proprioception. After the layout was 

learned, participants performed judgments of relative direction (JRD), which allow the 

researchers to determine whether the perspective from which the layout was learned is 

maintained in its mental representation. Findings showed that an orientation dependent 

spatial representation was developed after both types of learning. In Experiment 2, 

participants first learned the same environment both through vision and through 
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proprioception and then, like in Experiment 1, performed JDRs. An analysis of the JDRs 

revealed that both the orientation learned through vision and the orientation learned 

through proprioception were present in the mental representation of the layout, 

suggesting that participants established two different reference systems as a consequence 

of the two different learning experiences.. Yamamoto and Shelton (2005)’s results 

suggest that reference systems acquired by means of different modalities are all present in 

the mental representation and do not seem to interfere with each other. According to 

Yamamoto and Shelton (2005) there are two possible explanations for these findings: one 

possibility is that, as a result of the two different learning experiences, two different 

mental representations are developed, one based on the visual experience, the other on 

the proprioceptive one. The second possibility is that the two learning experiences result 

in a unique mental representation in which both reference systems are present. 

When comparing learning of environments from videos and text descriptions, 

both from route or survey perspective as measured by means of scene recognition, spatial 

information appears to be encoded in both perspective-specific and orientation-dependent 

representations (Shelton & McNamara, 2004). Performance was found to be better when 

there was a match between study and test perspective and was facilitated for the specific 

orientation in which the environment was learned. 

Overall, the studies reviewed in this section point to the conclusion that, when it 

comes to considering the orientation from which a certain environment is learned, such 

orientation is maintained in the mental representation that the individuals develop and 

this seems to be independent from the materials from which the space is learned. It is 
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interesting to notice that this conclusion differs from what has been found in terms of the 

perspective from which an environment is learned: researchers have shown that, when 

individuals have the opportunity to extensively learn an environment, the resulting mental 

representation is perspective-free, independently on whether the environment was first 

learned from a route or a survey perspective. Thus, mental representations of an 

environment seem to preserve the reference system from which they have been learned 

(conceptual north) but not the perspective.  

Distance Information in Mental Representations of Space 

In addition to the investigation of the perspective and orientation that are present 

in the mental representation that is formed by an individual after a certain space is 

learned, researchers have looked at whether distance information is contained in the 

mental representation. In particular, they were interested in discovering which type of 

distance was contained in the representation (categorical vs. Euclidean) and whether there 

are differences in the type of distance represented depending on the way in which the 

environment is learned. Whereas Euclidean distance measures the actual metric distance 

between elements present in the mental representation, categorical distance refers to the 

number of units (landmarks on a map, rooms in a building, etc.) that are present between 

the elements in the spatial representation. Given the different nature of Euclidean and 

categorical distance information, it could be that the way in which the environment is 

learned influences the type of distance information contained in the mental 

representation. For example it could be the case that when the environment is learned 

from direct experience, then Euclidean distance information is preserved. On the 
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contrary, if the source of learning is some type of description or map, then categorical 

distance might be easier to encode and preserve. Understanding which type of 

information is contained in the representation also sheds some light in trying to 

understand whether the nature of the mental representation is more in the form of a 

mental map or of a situation model. 

McNamara, Ratcliff, and McKoon (1984) investigated how distance information 

is represented in cognitive maps. They presented participants with a series of artificial 

maps, each containing 16 cities. Figure 20 shows one of the maps used in the experiment. 

As it can be seen from the map, Euclidean, i.e., the metric distance between two cities, 

and route distance, i.e., the distance between two cities as measure by the length of the 

route that connects them, between the cities was manipulated so that two cities were in 

one of three possible conditions with respect to each other: far both in Euclidean distance 

and in route distance (e.g., Temple and Gerty); close in Euclidean distance and far in 

route distance (e.g., Kinardas and Isleton); close both in Euclidean distance and in route 

distance (e.g. Sedona and Nesmith). The results revealed that cities close both in 

Euclidean and route distance were judged by the participants to be closer to each other 

than cities close in Euclidean distance and far in route distance. Cities far both in 

Euclidean and in route distance were judged to be more distant than cities in the other 

two conditions. 
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Figure 20: An example of the images used in McNamara, Ratcliff, and McKoon (1984) 
showing how route and Euclidean distances were manipulated. 

 
Denis and Zimmer (1992) compared properties of mental representations 

constructed from descriptions and from visual experience. Participants learned the layout 

of an island either from a map or from a textual description and then performed a series 

of tasks including spatial priming and distance comparison tasks. These tasks are used to 

measure categorical distance and Euclidean distance respectively. Spatial priming tasks 

are used to verify whether individuals develop spatial layouts starting from the verbal 

description of a space and are assumed to measure whether mental representations 

contain categorical distance information. This is accomplished by manipulating the 

spatial proximity between prime and probe items. Spatial priming effects are observed 

when the time taken to answer the probe is shorter when the probe follows a prime that is 
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spatially close to it in the environment. Denis and Zimmer (1992) found that both metric 

distance, as measured by means of bird-flight distance comparison, and categorical 

distance, as measured by spatial priming, were present in the mental representations of 

the participants and that was true for both types of input source (map and textual 

description). In addition, the performance on spatial priming and distance comparison 

was the same in both conditions. One limitation of this study is that the environment used 

was very artificial and this fact might have an impact on the type of distance information 

that is preserved. 

Denis and Zimmer (1992) provided evidence for the presence of categorical 

distance in mental representations of space derived from textual descriptions. Along the 

same line of research, Noordzij and Postma (2005) tried to understand whether the type 

of distance information that is contained in mental representations derived from 

descriptions depends on the perspective of the description itself. As in Denis and 

Zimmer’s (1992) study, a spatial priming task was used to measure whether categorical 

distance information was present in the mental representation of space and a bird-flight 

distance comparison task was used to measure the presence of metric distance 

information. No differences in performance on spatial priming were found between the 

route and survey condition. This finding indicates that mental representations derived 

from descriptions with different perspectives are equivalent in terms of representation of 

categorical distance. The same was also true for the comparison of bird-flight distance 

task: no differences due to the perspective of the description were found. Thus, mental 

representations from route and survey perspective are equivalent in terms of the metric 
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distance information contained. However, for small differences in metric distance, 

participants who studied the survey description tended to be better at the bird-flight 

distance comparison task than the ones that studied the route description. This indicates 

that, in spite of the fact that both survey and route descriptions contain metric and 

categorical distance information, the representations built from survey descriptions seem 

to be more fine-grained.  

So far, it seems that the type of distance information contained in the mental 

representation of a certain space does not depend on the source from which the 

environment was learned. In order to explain such findings, Loomis (2002) proposed the 

“two-stage model of stimulus encoding and spatial updating.” According to this model 

updating the spatial mental representation is independent of the source from which the 

space was learned. In particular, during the encoding stage the individual receives input 

from any modality, processes the stimulus and creates the corresponding spatial image. 

The updating stage, which follows the encoding one, is instead responsible for keeping 

the spatial image up to date. As already mentioned, updating processes are assumed to 

take place independently of the source of the spatial image. It is important to notice that 

the model postulates functional equivalence, which has been tested by means of reporting 

spatial relations, but it does not specify what the nature of the spatial image is. It could be 

in a visual format or amodal. This is very interesting because it is very similar to what 

Tversky (1993) proposes when she talks about the abstract nature of spatial mental 

models. Also, Loomis’ (2002) model does not postulate that the mental representation is 

formed with the same ease across modalities: Previous research has shown that learning 
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of a spatial environment is faster when it occurs through visual perception than through 

spatial language. Klatzky, Lippa, Loomis, and Golledge (2002) found that participants 

had more difficulties forming a stable mental representation of locations of multiple 

objects when the targets were learned linguistically than when they were learned through 

direct perception. However, once the spatial representations were formed, then they were 

functionally equivalent, as proven by evidence of equivalent updating as measured by 

means of verification of egocentric relations.  

Avraamides, Loomis, Klatzky, and Golledge’s findings (2004) support Loomis’ 

(2002) functional equivalence hypothesis by showing that allocentric distance, i.e., 

distance between two points measured in a reference system that is not centered on the 

individual, is reported in the same way when a spatial layout is learned from a description 

or from visual experience. In the first two experiments, performance on allocentric 

relations was faster and less variable when the spatial layout was learned through visual 

experience than through description. According to the authors, this could be due to the 

fact that the participants had no reason, given the type of task they were asked to perform, 

to convert the verbal descriptions they read into spatial representations until test time. Up 

to that point they probably only had a verbally based mental representation that was not 

entirely appropriate to report allocentric distances. However, when the task was modified 

so that participants were forced to update the mental representation, performance in the 

visual condition was very similar to performance in the verbal condition. The updating 

requirement is likely to be responsible for a conversion of verbal description to spatial 

image before testing took place, thus facilitating the performance on allocentric distance. 
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Once again, the conclusion that seems to emerge from the consideration of how 

distance information is represented in the mental representation of space is that, 

independently of how a certain environment is learned, the type of information contained 

in the mental representation is very similar. It is important to notice, however, that these 

conclusions are limited because of the extreme variability in the materials and procedures 

used in the different experiments. As Avraamides et al.’s (2004) study shows, the task 

that the individual is asked to perform has an impact on the type of mental representation 

that is developed. These same concerns also emerged when considering whether 

perspective encoded in the mental representation is dependent on the source of learning.  

Influence of Input Source on Mental Representations of Space 

After considering structural characteristics of the mental representation derived 

from direct or indirect experience with space, such as perspective, orientation, and 

distance representation, it seems fair to conclude that the way in which spatial 

information is initially learned does not induce significant differences in the 

corresponding mental representations. The major factor that seems to differentiate among 

mental representation built from different modalities is the time taken to build a mental 

representation that is equivalent in terms of the characteristics just listed.  

A series of studies provided evidence for the fact that maps, that are visual in 

nature, have a learning advantage over verbal material. Zimmer (2004) had participants 

learn a fictitious country either from a series of fragmentary maps (map condition) or 

from a series of sentences (text condition). During the experiment, presentation of the 

map fragments and of the sentences was self-paced. Participants in the map condition had 
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better performance than participants in the text condition: they took less time to study the 

environment and they were better at verifying the direction between two landmarks. 

These findings could indicate either that the mental representation derived from the two 

types of input is different (Zimmer, 2004) or simply that the time taken to develop the 

same type of mental representation starting from maps or textual descriptions is different. 

This could be due to the fact that the type of information included in texts, not visual in 

nature, requires higher processing than the visual information contained in maps. In 

agreement with this hypothesis, Pazzaglia and De Beni (2001) found that participants had 

better performance in a navigation task, consisting in following a route after learning it, 

when the route was learned from a map than when the route was learned from a 

description. Measures of performance included time taken to learn the route and 

participants’ errors, hesitations and pauses while moving along the route.  

The results above described could indicate that, although there is evidence that 

learning an environment from different modalities results in similar mental 

representations, the time and effort taken to reach such level of mental representation 

could differ depending on the modality through which the environment is learned. For 

example, experiencing space through textual descriptions could be more difficult than 

experiencing it through maps. Thus, in order to develop a mental representation 

equivalent to the one developed by an individual learning an environment from a map, an 

individual learning through a textual description is likely to more time. This suggests that 

comparisons between types of mental representations derived from different sources of 
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learning should be conducted by carefully equating the complexity of the input, the type 

of task that the participants are asked to accomplish and the time given to learn. 

Contents of Mental Representations of Space 

After considering structural characteristics of a mental representation of space, 

such as perspective, orientation and distance representation, and how they do or do not 

vary depending on the source of learning, we will now review what the elements 

contained in a spatial representation are and whether they vary depending on the way in 

which space is experienced.  

Landmarks have been found to be elements contained in mental representations of 

space and also elements that in fact aid the individual in building the mental 

representation (Nothegger, Winter, & Raubal, 2004; Lee & Tversky, 2005). In spite of 

the fact that referring to some element in space by calling it a landmark, no definition 

commonly accepted by researchers can be found in the literature. This is likely to be due 

to the fact that it is not easy to limit what can and cannot be considered a landmark. 

According to Sorrows and Hirtle (1999) a landmark may be any element in the 

environment that is external to the observer and that serves to define the location of other 

objects or locations. Sorrows and Hirtle (1999) classify landmarks in three distinct 

categories depending on their characteristics: visual, cognitive, and structural. Visual 

landmarks have particular visual characteristics that make them stand visually among the 

other elements in the environment. An example of visual landmark is the Tour Eiffel. 

Cognitive landmarks differ from their surroundings for their meaning and not necessarily 

for their visual appearance. For example, a cognitive landmark could be a certain house 
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along the street that assumes a particular meaning because it is the house we grew up in 

and not because of its physical appearance. As can be understood from the example, 

cognitive landmarks are defined differently by each individual and for this reason are 

more likely to be missed by people that are not familiar with the environment. Finally, 

structural landmarks are distinctive for their role or location in the structure of space. 

Usually structural landmarks are very well accessible, such as in the case of downtown 

plazas.  Which element of space can be defined as a landmark depends not only on its 

characteristics, but also on the scale of the environment that is being considered. The 

main feature that has to be present is some kind of differentiation between that particular 

element and the surrounding environment (Klippel & Winter, 2005). 

In addition to classifying landmarks based on their characteristics, researchers 

have also come up with classification of landmarks based on their function. Each 

researcher though has different types of classifications, thus making it less easy to come 

up with a common definition for landmark. For example, Golledge (1991) differentiates 

between landmarks intended as aids in navigation of an environment and landmarks as 

organizing concepts of the mental representation. Lovelace, Hegarty and Montello (1999) 

identified four different types of landmarks, depending on where they are located: 

landmarks located at decision points, landmarks located at potential decision points, 

landmarks marking a route, and distant landmarks. Presson and Montello (1988) 

distinguished between symbolic landmarks, that represent a whole city or a particular 

area of the city, and spatial reference points, that help organize knowledge of the 

surrounding areas.  
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Deyzac, Logie, and Denis (2006) found that sketch maps drawn after listening to 

descriptions of an environment from a route or survey perspective did not differ in term 

of landmarks and actions/locations remembered. Descriptions from a route perspective 

presented the environment by means of sentences similar to route directions (e.g., “turn 

left and walk as far as the police station”). Descriptions from a survey perspective 

presented the environment like when an observer is looking at a map (e.g., “on the left 

there is the police station”). Irrespective of the perspective from which the description of 

the environment was presented, participants remembered more actions/locations than 

landmarks. This finding, which contrasts with previous studies in which more landmarks 

were recalled, could be a direct consequence of the specific language used in the 

descriptions. For example, Ferguson (2000) found that landmarks were recalled more 

than actions, but they were also mentioned more often in the descriptions used in his 

study. Another possible reason for the difference in the elements recalled is in the type of 

task that has to be performed and on whether the landmarks and the action/locations are 

relevant to the completion of the task. 

References to landmarks are almost always present in route directions. This is due 

to the fact that they help navigation by identifying decision points where navigational 

decisions, such as changes of direction along the route, are made, they make it possible to 

identify origin and destination of the route, and they provide verification of route 

progress (Sorrows & Hirtle, 1999). However, landmarks are not the only elements that 

can be included in route directions. For example, directions can be given by referring to 

street names. Tom and Denis (2003) found that participants exposed to street-based 



Texas Tech University, Sara Girotto, August 2012    
 

166 
 

directions, i.e., directions containing references to street names only, produced maps 

containing more streets. When directions were landmark-based, i.e., directions including 

references to landmarks and not to street names, the maps produced contained more 

landmarks. This is a pretty straightforward result indicating that what is in the input is at 

the basis of the content of the mental representation: It would be very unlikely for 

information not present in the input to be invented to be included in the mental 

representation.  

In order to better understand the nature of mental representations of space, some 

researchers have been looking at whether the contents of mental representations are 

limited to objects such as landmarks and their location. McNamara, Halpin, and Hardy 

(1992a) investigated whether nonspatial information about an object can be integrated 

with the object’s spatial location. In a group of experiments, they had participants learn 

the locations of cities on a fictitious road map and then learn facts about the cities 

themselves. To test whether these facts were included in their mental representation of 

spatial knowledge, a location-judgment test was used. In the test, participants had to 

judge whether a city was in one region of the road map or another. There were two 

possible situations: the name of the city was primed by a fact about a neighboring city or 

by a fact about a distant city. If the two types of information (spatial location and fact) are 

not included in the same mental representation, priming effects should not be found in 

this task. On the contrary, responses in the first situation (city primed by fact about 

neighboring city) were faster and more accurate than the ones in the second situation (city 

primed by fact about distant city). The fact that priming effects were present indicates 
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that spatial information and facts about the cities are encoded in the same mental 

representation. These findings were supported by the results of three other experiments in 

which the type of environment and the degree of familiarity with it were changed. The 

same location-judgment task was performed by subjects that learned facts about the 

buildings on a campus with which they were already familiar.  

This finding can be related to the ideas emerging from theories of embodied 

cognition according to which, when learning an environment, mental representations 

consist of integrated event files or object-action complexes that include not only 

information about an object’s location, but also about the object’s characteristics, such as 

color, and the actions that these objects afford (Hommell & Klippel, 2006). 

Proffitt, Stefanucci, Banton, and Epstein, (2003) investigated the proposal that 

perceived egocentric distance increases when people are wearing a heavy backpack. 

Participants wearing and not wearing a backpack were asked to make judgments of the 

metric distance between themselves and a cone. Participants wearing a backpack were 

found to produce judgments overestimating the real distance. Also, their distance 

judgments were less accurate than the ones made by participants that were not wearing a 

backpack. These findings are related to the fundamental idea that drives the embodied 

cognition theory, i.e., that cognitive processes take place in the brain, which part of a 

body and situated in a certain environment. For this reason our perception of space is 

influenced by factors such as weight that we are carrying. 

Characteristics of Route Directions 
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A different way to investigate the contents and structure of mental representations 

is by analyzing route directions produced by individuals after learning a certain space. 

This is possible given the special nature of directions with respect to mental 

representation of space. On one side, directions are a set of information used to develop a 

mental representation, such as when a person asks for instructions on how to reach a 

certain destination and uses them to create mental representation of the environment in 

which he/she will have to travel. On the other side, they are considered a glimpse to the 

mental representation that a person has developed after some kind of experience with a 

certain environment: a set of instructions to go from one place to another can be produced 

and they represent at least a part of the knowledge that the person has available when 

thinking about that particular environment. 

Thanks to this double feature, researchers have two main ways to use route 

directions in their investigation of mental representation of space: by looking at how 

people produce route directions after learning a certain space and by looking at what 

characteristics directions should have in order to make it possible for people to reach their 

destination without getting lost. The rationale behind this area of research is that the 

contents of route directions are direct expression of what is contained in the individual’s 

mental representation. For example, if when giving directions a certain number of 

landmarks are mentioned, it can be safely assumed that such landmarks are contained in 

the mental representation that is being accessed and that is at the basis of the directions 

produced. In a similar way, when route directions are given to individuals that are not 

familiar with a certain route, it is possible to verify whether the information contained is 
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sufficient for the individuals to develop a mental representation that will successfully lead 

them to the desired destination. 

The literature reports two main ways in which directions can be given to 

individuals that need them: by means of maps depicting a route (Harrell, Bowlby, & Hall-

Hoffarth, 2000; Ward, Newcombe, & Overton, 1986; Wright, Lickorish, Hull & 

Ummelen, 1995) and by means of verbal or written descriptions of the route (Daniel & 

Denis, 1998; Daniel & Denis, 2004; Denis, 1997; Denis, Pazzaglia, Cornoldi, & Bertolo, 

1999; Ward, Newcombe, & Overton, 1986). Both maps and language have the advantage 

that they can be used in situations in which the persons interacting are not in the same 

physical location or in the location that is being discussed (Denis, Daniel, Fontaine, & 

Pazzaglia, 2001). Verbal/written descriptions have been of particular interest to the 

researchers because they are the result of the interaction of two cognitive systems: the 

one that encodes spatial knowledge and the linguistic system (Daniel & Denis, 2004). As 

already mentioned, producing directions involves accessing the mental representation of 

the environment in which the route is located. After the activation of spatial knowledge, 

the person that is formulating the directions has to plan a route that will successfully take 

the “listener” from the starting point to the desired destination. Finally, the route has to be 

communicated in such a way that it is understood from the person that will have to follow 

it. According to Daniel and Denis (2004), the product of such process is a discourse that 

is characterized by being procedural in nature because it contains prescriptions about the 

actions that the listener has to accomplish and the order in which to do it. Also, directions 

generally provide a description of the environment following the order in which the 
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environment will be explored. Also, many descriptive elements are present, due to the 

fact that the information contained in directions has the goal of aiding the listener in 

building a visual model of the environment. For this reason, references to salient features 

of the environment are included, especially to the ones that are located at points, such as 

the starting point, the arrival point and any points along the route that require 

reorientation, that are critical in terms of actions that have to take place if the correct 

route has to be followed. Also, descriptive elements are useful to the listener to verify 

that he/she is still following the correct route.  

When it comes to giving directions to an individual not familiar with a city to go 

from point A to point B, Wright et al. (1995) found that when participants were asked to 

write a letter to a friend containing the instructions, almost no one spontaneously 

included a sketch of the route to follow. This happened even if they were given a street 

map as aid in writing the directions. What is more striking is that, in a second experiment, 

when the participants were asked whether they would include a sketch map in their 

instructions, everyone said that they would. This is in agreement with the results of 

another experiment reported in the same article according to which directions containing 

diagrams were rated as more usable than the ones without diagrams. Thus, it seems that 

even though direction givers are aware of the fact that sketch maps make the task of 

following directions easier, they still choose not to include them in their directions, unless 

they are explicitly required to. According to the authors, it is possible that direction givers 

do not include maps in their directions because they behave as if they were asked to 

produce verbal directions, which is the most common situation.  



Texas Tech University, Sara Girotto, August 2012    
 

171 
 

According to Daniel and Denis (2004), producing and delivering route directions 

consists of activating the knowledge relative to the environment of interest and in the 

selection of the information that will help the listener to create a visual model of the 

environment itself. However, many studies of route directions have documented how, 

within a homogenous group of participants, the route descriptions produced are extremely 

different, for example, in terms of their length and in number of landmarks included 

(Allen, 2000; Denis, 1997; Wright et al., 1995). In order to gather a better understanding 

of which features are and are not included in route directions, of how it is possible to 

generate optimal descriptions, and which criteria could help understand whether a 

description is better than another, Denis and colleagues (Daniel & Denis, 1998; Denis, 

1997) developed a statistical technique to analyze route directions. This technique allows 

researchers to uncover whether a common structure underlies the many different 

description of a same route that individuals can produce. At the basis of the analysis is 

the collection of a corpus of descriptions of the same route. Such descriptions are then 

divided into minimal information units and a megadescription is then compiled by putting 

together all the information units (units present in more than one description were 

included only one time). Subsequently, participants are presented with the 

megadescription and are asked to eliminate the information that they deem unnecessary 

for a person that is not familiar with the route and retain only the information that is 

necessary and sufficient to successfully follow the route and reach the destination. The 

elements that are selected by at least 70% of the subjects are included in what is referred 

to as a “skeletal description”, which can be thought of as an average description of a 
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certain route. A skeletal description does not reflect the output of a single subject but it 

consists of a combination of the elements that are common to all of the descriptions that 

contributed to the compilation of the megadescription. In particular, a skeletal description 

includes only the landmarks needed to follow the route and minimal information, mainly 

on what to do at decision points. No embellishments are included. Interestingly Denis et 

al., (1999) found that contents of skeletal descriptions for routes in the city of Venice 

were very similar, irrespective of whether they were compiled by participants familiar or 

unfamiliar with the city. This indicates that relevance of information in route directions 

can be evaluated independently of familiarity with the route itself. Also, participants were 

able to successfully navigate the route following the instructions in the skeletal 

description and their performance did not differ when compared to the one of participants 

following route directions that were judged as being good in a previous experiment. This 

indicates that skeletal descriptions do indeed preserve all the necessary information to 

successfully reach a certain destination and that some pieces of information that are 

normally included in directions are not really necessary.  

In light of these results and of the consideration that conciseness in the production 

of directions is important to reduce the listener’s processing and memory load, Daniel 

and Denis (2004) investigated the conditions that favor conciseness in the production of 

route directions and whether this contributes to the selection of important elements to be 

included in the description. Participants in the experiment were asked to produce the 

description of a route traversing a certain area with which they were extremely familiar. 

Half of the subjects were indirectly forced to be concise by telling them that only five 
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lines were available for the description. The participants in the concise condition 

produced directions that were shorter than the ones for the participants that were left free 

to write their description. Also, the former did not decrease the number of statements in 

which actions were described and landmarks mentioned at the same time. On the 

contrary, a decrease was found in the number of landmarks that were mentioned without 

being associated with actions and in the details that were included in the descriptions of 

landmarks. The results of the Daniel and Denis (2004) study indicate that landmarks are 

likely to play an important role in route descriptions: the more relevant ones in terms of 

decision making are present even when concise directions are produced. This is due to 

the fact that landmarks have a critical role in monitoring the progression of the person in 

the environment and for this reason they are usually mentioned more often at nodes than 

along segments connecting nodes. The importance of landmarks for route directions is 

also supported by findings from other studies: Ward et al. (1986) found predominance of 

landmarks and relational terms over cardinal directions when analyzing the contents of 

route directions. Not all of the individuals mention the same landmarks, however, if we 

consider the distribution of landmarks, it can be noticed that it is not random (Denis et al., 

1999). Landmarks contained in route directions are typically concentrated around points 

along the route, including starting and arrival points, where reorientation is required. 

Even though references to landmarks and actions that have to take place are 

predominant in route directions, references to street names are also present (Michon & 

Denis, 2001). Some researchers have been interested in investigating why it is the case 

that, generally, individuals producing route directions make fewer references to street 
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names than to landmarks. One possibility could be linked to the fact that street names 

have been found hard to memorize, even when it comes to expert taxi drivers (Kalakoski 

& Saariluoma, 2001). This is in agreement with the Tom and Denis (2003) findings 

according to which when participants are asked to produce route directions of unfamiliar 

environments, more references are made to landmarks than to street names. Another 

possible reason is that plates on which street names are written are not visible from 

distance and thus are less available when it comes to include them in the directions. Tom 

and Denis (2003) compared route following performance when street-based directions 

and when landmark-based directions are available. They found that when following 

street-based directions, participants stop more often and for more time to make sure they 

are on the right path.  

Research has shown that routes containing more salient landmarks are better at 

supporting the development of good and effective mental representations of the route 

(Nothegger et al., 2004; Presson & Montello, 1988; Siegel & White, 1975). Based on 

these findings, researchers are trying to come up with models that allow automatically 

selecting the most salient landmarks to include in route descriptions. These models could 

be especially helpful in the development of in-vehicle guidance instructions. Nothegger et 

al. (2004) developed a model capable of computing the visual salience of façades. The 

model was applied to a route in the city of Venice, containing nine intersections. The 

salience of the façades at each intersection was computed and the results of the model 

were compared with judgments of salience provided by a group of participants, mostly 

unfamiliar with the city. Salience produced by the human subjects was in agreement with 
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salience computed from the model in 7 out of 9 instances. In a similar fashion, Klippel 

and Winter (2005) proposed a model to formalize the salience of objects along a route so 

that landmarks that are deemed to be salient in terms of visual, semantic, and structural 

properties could be automatically selected and integrated into route directions.  

Processing Resources Required in Learning of Space 

The previous sections illustrate what is currently known about spatial mental 

representations in terms of perspective, orientation, distance information and specific 

contents. Researchers, however, are not only interested in the form and content of mental 

representations but also in determining which resources are needed to process spatial 

information and to develop the corresponding mental representation. Typically, the 

methodology used to manipulate processing is the dual-task paradigm. In this paradigm 

participants are asked to perform two tasks at the same time and performance in both 

tasks is recorded. One task is referred to as the primary task (usually the main task of 

interest in the experiment), the other one is referred to as secondary task. The choice of 

the secondary task is critical: the task should require the same type of processing that 

researchers believe to be involved in the primary task. Participants’ performance in the 

dual-task condition, i.e., when both tasks are performed concurrently, is compared to 

performance in the single-task condition, in which only the primary task is performed. If 

performance in the primary task is lower in the dual-task condition than in the single-task 

condition, then there is evidence that the two tasks interfere with each other. This 

interference is assumed to indicate that the two tasks compete for the same type of 

processing resources. The most commonly used secondary tasks are the articulatory 
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suppression task and the spatial tapping task. The articulatory suppression task generally 

consists in asking participants to repeat a series of syllables or words. In order to perform 

this task, participants rely on the verbal component of working memory. The spatial 

tapping task generally consists in having participants tap the keys of a keypad following a 

specified pattern at a specified rate. To perform the spatial tapping task, participants rely 

on the spatial component of working memory.   

Allen and Willenborg (1998) investigated the processing involved in visually-

based learning of a route. The task participants were asked to perform did not involve 

actual navigation, but was limited to watching the video-taped presentation of a 1 km 

walk through an urban neighborhood. Participants were instructed to pay close attention 

to the route so that they could actually navigate it in case they were to be in the 

environment shown in the video.  Learning of the route in a condition in which a 

concurrent secondary task, which consisted in shadowing of auditorially presented digits, 

was performed was compared with a control condition in which only route learning took 

place. The extent to which the route was learned was measured by means of tests of 

recognition of scenes from the route, distance estimation of locations along the route, and 

verification of portions of the paths contained in the route presented in a two-dimensional 

map form. When the secondary task was performed during route learning, performance 

was reduced in scene recognition and distance information tasks. Overall, across groups, 

performance in the map recognition was very low. When only the participants who 

scored above chance were included in the analysis, decrease in performance due to 

secondary task was present as well. These results indicate that visual learning of a route 
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involves the same type of processing (central attention) that is required to perform the 

secondary task.  

Processing involved in route learning, and in particular whether route learning and 

retrieval requires working memory, has been also investigated by Garden, Cornoldi and 

Logie (2002). The main aim of their research was to determine whether verbal and 

visuospatial working memory are differentially involved during route learning and 

retrieval. In order to do so, a dual-task methodology was used. In Experiment 1, 

participants were asked either to learn and recognize a route from a series of map 

segments or to learn and recognize a list of nonsense words. Both tasks were performed 

in concurrence with one of two secondary tasks: articulatory suppression or spatial 

tapping. The number of errors in route retrieval, which consisted in the recognition of 

segments of the route on a booklet, was higher for the group of participants performing 

spatial tapping than for the articulatory suppression group. The opposite pattern was 

found when participants were asked to recognize some of the nonsense words previously 

learned. Thus, the results of Experiment 1 support the hypothesis of differential 

involvement of verbal and visuospatial working memory in particular, visuospatial 

working memory is more involved in route learning and recognition than verbal working 

memory. In Experiment 2, participants learned a route directly, following the 

experimenter along the actual route. At retrieval time, they were asked to follow the route 

exactly as learned. Both learning and retrieval were performed concurrently with either 

the articulatory suppression or the spatial tapping task. Both secondary tasks had an 

impact on learning and retrieval of the route. In contrast with Experiment 1 though, no 
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differential effects of the concurrent tasks were found. This could indicate that learning a 

route in the real world requires more verbal strategies than learning of the same route 

from a map. In order to better understand the findings, participants were split in a high 

spatial ability and a low spatial ability group, based on their performance on the 

“Questionnaire on Spatial Environment Representation” (Pazzaglia, Cornoldi, & De 

Beni, 2000). The analysis revealed a differential disruption effect, with the high ability 

group being disrupted more by the spatial tapping task and the low group being more 

disrupted by the articulatory suppression task. These results could indicate that different 

strategies are operating during route learning and retrieval in real world depending on the 

subjects’ spatial ability. Overall, across the two experiments, evidence is found for the 

fact that both visuospatial working memory and verbal working memory are important 

when it comes to learning and recognizing a route either from a map or by means of 

direct navigation. 

As previously mentioned, consulting a map or direct navigation are not the only 

ways in which space is learned. Researchers investigated whether visuospatial working 

memory has a role also when it comes to the processing of texts. Gyselinck, Cornoldi, 

Dubois, De Beni, and Ehrlich (2002) found that the comprehension of physics concepts 

from scientific texts was better when illustrations accompanied the text. This is likely to 

be due to the potential aid of illustrations in the building of a mental model of the 

information presented. When a concurrent spatial tapping task was performed, any 

beneficial effects of illustrations on comprehension disappeared. Different results were 

found when a concurrent verbal task was performed: comprehension was impaired both 
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for illustrated and non illustrated text. Thus, verbal working memory is generally 

involved in the processing of texts, whereas visuospatial working memory seems to be 

involved when illustrations are present. 

The scientific texts used by Gyselinck et al. (2002) did not include any specific 

spatial element. Other researchers have looked more specifically at processing involved 

in texts describing space without the aid of illustrations. Pazzaglia and Cornoldi (1999) 

focused their interest on the role of visuospatial working memory in the comprehension 

of texts describing environments. In order to do so, after measuring the participants’ 

visuospatial working memory by means of the Corsi’s block test (Milner, 1971), two 

groups were formed: a high and a low visuospatial working memory group, that were 

matched in terms of their verbal working memory capacity. Participants were asked to 

read a written description of a route to go from one location of an Italian city to another. 

The city was chosen so that it was unfamiliar to all the participants and the description 

was available to them for a maximum of two minutes. After the reading was concluded, 

participants were required to write down all the information contained in the text that 

they could remember. Results showed that subjects with high visuospatial working 

memory were better able to recall the spatial relations contained in the city’s description 

than subjects with low visuospatial working memory. In a second experiment, the 

memory for texts containing abstract information and texts containing spatial information 

was compared. Participants were asked to listen to one of the two types of text while 

concurrently performing another task. The secondary task consisted in either an 

articulatory suppression task or a spatial task. After listening to each text, they had to 
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write down the material in the text in the correct order. The articulatory suppression task 

was found to disrupt the processing of abstract text to a greater extent than the one of 

spatial texts. The opposite pattern was found when the spatial task was performed: 

memory for spatial texts was worse than memory for abstract ones. 

A similar experiment was conducted by De Beni, Pazzaglia, Gyselinck, and 

Meneghetti (2005). In order to gather a better understanding of the role of working 

memory in the processing of spatial texts, they compared comprehension of spatial and 

non spatial texts while performing either a spatial tapping or an articulatory suppression 

task. Comprehension and memory for the texts were measured by means of verification 

questions and of a free recall task. The processing of spatial text was found to be 

disrupted by both the spatial tapping and the articulatory suppression task. Processing of 

non spatial text was disrupted only by the articulatory suppression task. These findings 

show that, overall, verbal working memory is indeed crucial in processing of texts in 

general, as also shown by Gyselinck et al.’s (2002) research. In addition to the 

involvement of verbal working memory, visuospatial working memory has an important 

role when it comes to the processing of texts that are spatial in nature even when they do 

not contain any type of illustration. In particular, visuospatial working memory is directly 

involved in the construction of spatial mental models.  

The spatial texts used by De Beni et al. (2005) described space from a route 

perspective. Deyzac et al. (2006) expanded on De Beni et al.’s (2005) results and 

investigated whether there is a differential involvement of spatial and visual working 

memory depending on the perspective of the description (route vs. survey). A dual task 
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paradigm was utilized in which participants were asked to listen to route or survey 

descriptions of urban-like environments in presence or absence of an interfering 

concurrent task. The effects of different types of interference were considered: spatial 

interference, obtained by means of a spatial tapping task, and verbal interference, 

obtained by means of an articulatory suppression task. Results showed that, when the 

descriptions were formulated from a route perspective, both visual and spatial working 

memory were involved in the processing of landmarks. Spatial working memory was 

involved in the processing of action and locations in both route and survey descriptions. 

Finally, verbal working memory was involved in the processing of landmarks in survey 

descriptions but not in route ones.  

Overall, the studies just reviewed show that acquiring spatial information is 

indeed resource demanding. When spatial knowledge is acquired from written 

descriptions, both verbal working memory and visuospatial working memory are 

involved. When it comes to learning of spatial information from direct experience, 

visuospatial working memory is mainly involved.  

Gender Differences in Mental Representations of Space 

There are indications that individual differences might moderate the input – 

representation – output relationship when it comes to the learning spatial information. For 

example, MacFadden, Elias, and Saucier (2003) found that men and women learning a 

route from the same map and paying attention to the same elements, as shown by 

recording of eye-movements, included different elements in their subsequent description 

of the route. Men included more Euclidean distance and cardinal directions information; 
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women included more landmarks and descriptions of landmarks. Given that men and 

women paid attention to the same elements while studying the map, it is not clear why 

the elements that they reported were different. The authors gave two possible 

explanations: either the spatial representation that was formed after learning was the same 

for men and women but the output produced was different or, in spite of the fact that both 

genders initially paid attention to the same elements, the elements were then used in 

different ways to build the spatial representation. Some evidence for the fact that men and 

women pay attention to the same elements but use them in a different way comes from a 

study by Saucier, Green, Leason, MacFadden, Bell, & Elias (2002) that showed that men 

and women differed in the route they generated after studying a map containing 

landmarks. In their directions men included more references to distances, whereas 

women included more references to landmarks. This could be indicative of gender 

differences in how landmarks that are present in an environment are used. Men could use 

landmarks as a starting point to derive distance estimates whereas women seem to pay 

more attention to landmarks but only in terms of remembering them. However, simply 

remembering landmarks is not necessarily a good thing in terms of development of a 

mental representation. The effort to remember landmarks could actually cause an increase 

in the processing load during learning and, consequently, a disruption of the learning 

process itself. Thus, women could actually remember more landmarks but if such 

landmarks are not used in a proper way to build a good mental representation, then the 

route directions produced by women could eventually be more difficult to follow that the 

ones produced by men. 
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When learning a route from a map, landmarks might be used in a different way by 

men and women: Gwinn, Fernando, James, and Wilson (2002) found that men learned a 

route from a map containing landmarks faster, in fewer trials, and making fewer errors 

than women. On the contrary, no differences due to gender were found in route learning 

when the map did not contain landmarks. This seems to contrast with findings according 

to which women have a better memory for landmarks. The authors argue that a possible 

explanation for this incongruence is that that men and women might use landmarks in a 

different way: men could use landmarks to derive distances and directions estimates, 

whereas women just label them and memorize them. This process is likely to interfere 

with women’s actual learning of the route instead of aiding it. 

Saucier, Bowman and Elias (2003) investigated whether the type of directions 

(landmark-based vs. Euclidean distance-based) had an effect on gender differences in 

route following. The task consisted in following a route in an environment consisting of a 

laminated 10 x 10 grid. Each cell in the grid contained one of ten symbols (each 

appearing ten times in the matrix). Instructions to navigate the grid were either landmark-

based, i.e., using the symbols as referents to indicate movements in the grid, or 

Euclidean-based, i.e., using cardinal directions. Gender differences related to the type of 

direction available emerged: men were better with Euclidean-based directions and 

females were better with landmark-based directions. Saucier et al. (2003) also 

investigated differential contribution of the phonological loop and the visuospatial sketch 

pad in landmark-based vs. Euclidean-based route following. In order to do so, 

participants were asked to navigate the grid while performing either an articulatory 
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interference or a spatial tapping task. Articulatory interference had a negative effect on 

women’s performance both when following Euclidean and landmark based instructions. 

No evidence of impairment due to secondary tasks was found for males. Overall, these 

findings indicate that, when following a route, females rely on the phonological loop 

more than males and this is true independently of the type of directions that are available. 

Since the production of route directions is the result of an interaction between two 

persons, different directions can be produced depending on the characteristic of the 

listener or of the person that is producing them. Ward, Newcombe, and Overton (1986) 

had participants learn a route from a map and then produce directions either for a female 

or for a male listener. Manipulating the sex of the listener did not result in any differences 

in the characteristics of the directions produced. However, when taking into consideration 

the sex of the individual generating the directions, differences were found in the content 

with males including more cardinal directions and mileage estimates than females. 

Similar results were found by Harrell et al. (2000) when investigating how route 

directions (provided by means of a map) differ depending on the gender of the direction 

giver, the complexity of the route to be explained, and the visitor’s age, gender and 

familiarity with the environment. Men produced maps that were more cartographically 

complete then women. Men took into account the characteristics of the visitors more than 

women, providing more complete directions for newcomers, older visitors, and for more 

complex routes. When investigating how direction givers take into consideration the 

point of view of the “listener”, Buhl (2001) found that direction givers tend to localize 
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directions from their own point of view. Overall, it seems that when giving directions, the 

direction giver is more centered in him/herself than on the needs of the listener. 

The studies previously described show that gender differences are present when it 

comes to direction giving and resources used when processing spatial information. 

Overall, when producing route directions, men tend to include more mileage estimates 

and more references to cardinal directions than women. Women, on the contrary, include 

more references to landmarks and more information about the landmarks themselves. 

When it comes to the resources involved in the processing of spatial information, women 

more than men seem to rely on the phonological loop. Unfortunately, the nature of these 

differences is not entirely clear.  

Brief Summary of the Spatial Cognition Literature 

In the previous sections, studies investigating how space is learned and the 

qualities and characteristics of the mental representations that are developed as a 

consequence of experiencing space have been reviewed. As previously mentioned, spatial 

knowledge can be acquired in ways that differ greatly from one another. For example, 

space can be learned directly, by means of actual navigation in a certain environment, or 

indirectly, by consulting a map or by reading or listening to a description. In spite of the 

many different ways in which space can be learned, the picture that emerges from the 

review seems to indicate that, when given enough time to learn and develop familiarity 

with an environment, the spatial mental representations that are developed are not too 

different from each other in terms of the information contained.  

Metacognition 
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Something that the spatial cognition literature does not tell us is what individuals’ 

subjective experience of learning a certain space is. In particular, it would be interesting 

to have a better idea of whether individuals can judge how well a certain space has been 

learned. For example, after consulting a map, do individuals think that they will be able 

to remember the information contained in it and to use the information to navigate the 

environment itself? Also, do individuals think that learning a space from a map is the 

same as learning the same space by means of a verbal description in terms of future 

performance? Similar questions on how well individuals think they have learned a certain 

material, ranging from lists of paired associates to expository texts, have been asked by 

researchers interested in metacognition. So far, only one study with the intent of 

investigating metacognition for spatial information has been published (Schwartz, 2006). 

Before Schwartz’s (2006) study can be presented, it is necessary to review the 

methodology used in metacognition research, the phenomena that have been observed, 

and the theories that have been developed to account for how people monitor and control 

their learning. 

The term metacognition is generally used to refer to cognition about cognition 

(Dunlosky, Serra, & Baker, 2007), or thinking about cognition. Although metacognition 

is a very broad term that refers to an individual’s beliefs about cognitive processes in 

general, researchers have also focused on more specific aspects of cognition, such as 

memory and perception, and have used terms such as metamemory and metaperception to 

indicate the study of what individuals know about these specific areas of cognition. 

Historically, researchers have shifted from trying to identify all the different kinds of 
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activities involved in metacognitive processes to the identification of three constructs that 

are currently thought of as being at the basis of metacognition (Dunlosky et al., 2007): 

metacognitive knowledge, the monitoring of ongoing cognition, and the controlling of 

cognition. According to Dunlosky et al. (2007), metacognitive knowledge consists of all 

the knowledge about one’s own cognition that is gathered throughout an individual’s 

lifetime and starting during early childhood. For example, in the area of memory, beliefs 

about how memory decreases as we grow older are commonly found in individuals. What 

is important to remember about metacognitive knowledge is that not necessarily such 

knowledge is accurate: people can have beliefs about their own or other individuals’ 

cognitive processes that do not necessarily mirror what happens in reality. For example, 

most students believe that rote repetition of the material that they have to cover for an 

upcoming examination will guarantee good memory at test time.  

The processes of monitoring and controlling of cognition have been introduced by 

Nelson and Narens (1990) in their theoretical framework of metamemory, which is 

exemplified by Figure 21. The framework proposes cognitive processes to be divided into 

two interrelated levels, an object-level (cognition) and a meta-level (metacognition), with 

the meta-level being a dynamic model of the object-level. Monitoring and control are 

defined in terms of the flow of information from one level of cognition to the other: the 

flow of information from the meta-level to the object-level is defined as “control” 

because of its power of modifying the object-level (for example, actions at the object-

level can be initiated, continued or stopped depending on the type of information that is 

received from the meta-level). Information flowing from the object-level to the meta-
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level informs the meta-level of the changes occurring at the object-level. This allows the 

model of the situation that is being built at the meta-level to be constantly updated with 

respect to what happens at the object-level. For this reason, this flow of information is 

referred to as monitoring. Even though the framework has been developed for 

metamemory processes, it can be applied to any aspect of metacognition. Researchers in 

the area of metacognition are interested more in understanding the processes of 

monitoring and control than in discovering the specific knowledge that individuals’ have 

about their cognitive processes. The two main areas in which metacognitive processes 

have been studied are metamemory and metacomprehension. As previously mentioned, 

metamemory is the cognitive process that focuses on one’s memory and memory 

processes. Metacomprehension involves both processes relative to memory (like 

metamemory) and metacognitive processes relative to comprehension. Studies 

investigating metamemory use predictions about future memory performance and 

participants are usually tested on learning of word pairs or recall of facts. Studies 

investigating metacomprehension use both judgments about comprehension and 

judgments about future memory performance and the materials used are generally texts. 
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Throughout the history of metamemory research, different measures of 

monitoring and control processes have been developed. Such measures were all included 

in Nelson and Narens (1990) framework, later revised by Dunlosky et al. (2007) and, as 

can be seen from Table 22, were organized with respect to three different stages of 

learning: acquisition, retention, and retrieval. This review will be focused on research that 

has been conducted on monitoring of cognition and in particular on what happens during 

the acquisition phase of learning. Given that metacognitive processes that happen during 

monitoring are not directly observable, the only way in which it is possible to uncover the 

processes themselves is by relying on individuals’ self-reports. As Table 22 illustrates, in 

order to have an insight of the monitoring processes taking place during and after 

learning, researchers have used different types of measures: ease of learning judgments 

(EOLs), judgments of learning (JOLs), feeling of knowing judgments (FOKs), and post-

test confidence judgments. EOLs are judgments of how easily participants believe that a 

MODEL of 

the 

situation 

CONTROL MONITORING 

   META-LEVEL 

   (Metacognition) 

   OBJECT-LEVEL 

        (Cognition) 

     Flow of   

  information 

SITUATION 

Figure 21: Graphical representation of the theoretical framework of Metacogniton 
developed by Nelson and Narens (1990). Adapted from Dunlosky et al. (2007). 
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certain item will be learned. JOLs are judgments of how likely participants will be to 

remember the materials just learned during an upcoming test. FOKs are judgments of 

how likely participants will be able to recognize an item, currently non-recallable, during 

the upcoming test. Post-test confidence judgments are collected after the test phase and 

are judgments about test performance: participants are asked to indicate how confident 

they are about the correctness of their responses. Typically, experiments designed to 

investigate metamemory or metacomprehension consist of two main phases: first, 

participants are given (limited) time to study the materials, which can range from lists of 

paired associates to definitions of concepts, to texts of varying difficulty. Following the 

learning phase, participants’ degree of learning of the materials is tested. The testing 

procedure is different depending on the material that was learned (ranging from recall of 

one word of the pair in case of learning of paired-associates to multiple choice questions 

when object of learning is a text). Each of the measures previously mentioned is taken at 

different points in time during the experiment. EOLs are taken before the learning phase 

actually starts. JOLs are taken right after the learning phase, before the test phase begins. 

FOKs are collected after a first test phase: participants have already tried to recall an 

answer and FOKs are produced only for those items that cannot be recalled. Post-test 

confidence judgments are collected after the test phase is completed.  

Leonesio and Nelson (1990) conducted an experiment with the aim of examining 

whether the different judgments (EOLs, JOLs, and FOKs) are somehow related and of 

understanding how each type of judgment is predictive of future performance. Before 

learning items from a list of unrelated noun pairs, participants were asked to rank order 
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the items based on how easy they thought the items would be to learn (EOLs). After 

learning each item in the list, participants had to rank each item based on how well they 

thought they knew them (JOLs). Finally, after a 4-week retention interval, participants 

were given a recall retention test and subsequently asked to make judgments about how 

easily they thought they could recognize the items that had not been recalled during the 

test. Results of the study indicated that the three measures were only weakly correlated 

with each other, implying that such judgments are theoretically distinct and based on 

underlying multidimensional structures. In terms of how predictive of later performance 

each of the judgments is, EOLs were found to be the least predictive and JOLs and FOKs 

to be equally predictive of recognition of non-recalled items. However, in spite of their 

similar predictive capability, JOLs and FOKs seem to tap into different memory 

processes, as the weak correlation between them indicates.   
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Table 22: Measures used in the study of monitoring and control processes, grouped 
according to the stage of learning during which they are collected (adapted from 

Dunlosky et al., 2007). 

  Measures 

  Monitoring Control 

Acquisition  In advance of learning Ease of learning 

judgments (EOLs) 

Selection of kind of 

processing 

 On-going learning Judgments of learning 

(JOLs) 

Selection of kind of 

processing;  

termination of study 

Retention  Maintenance of knowledge   

Retrieval  Self-directed search Feeling of knowing 

judgments (FOKs); post-

test confidence 

judgments (in retrieved 

answers) 

Selection of search 

strategy; termination of 

search 

 Output of response   

 

Given that the focus of my research will be the investigation of on-going learning 

of spatial information for items that are recallable before the test phase begins, the focus 

of this review will be on the literature investigating JOLs. Studies involving both the 

learning of more simple stimuli, such as lists of paired associates, and of more complex 

ones, such as texts, will be considered. The latter could actually prove more useful in the 

investigation of learning of spatial information if we consider that learning an 
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environment from a map or from a textual description seems to be a task more complex 

than learning lists of paired associates. 

Judgments of Learning (JOLs) and Their Accuracy 

 The main goal of the JOLs methodology is to allow researchers to gain insights in 

the processes operating during learning, memory and comprehension. As previously 

mentioned, such processes are not directly observable and, while we can have an 

objective measure of the actual learning by means of testing procedures, asking people to 

make judgments about how well they think a certain item has been learned is the only 

way to have such insight. This allows us to understand whether individuals are actually 

aware of how much, or how little, they know before they are tested.  

Experiments involving JOLs have been conducted following a pretty standard 

method. Participants are first asked to learn a certain stimuli, which can range from a list 

of individually presented paired associates to a short text. After studying each item, they 

are asked to judge how likely they will be to remember (or to answer correctly questions 

about the material) at later test time. Finally, participants are actually tested on the 

material previously learned. This procedure varies slightly depending on the type of 

material learned and on the specific goal of the experiment. Unless otherwise specified, 

the studies that will be described in this and in the next sections all follow this overall 

procedure. 

Although JOLs themselves could be of some interest, what researchers are really 

interested in is the relationship between participants’ JOLs and their actual performance 

at test time. This relationship is referred to as accuracy and has been conceptualized in 
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two different ways (Dunlosky et al., 2007): relative accuracy and absolute accuracy. 

Relative accuracy (also referred to as resolution) measures how well individuals are able 

to discriminate between items that well learned and less well learned items (Nelson, 

1996). If relative accuracy is high, individuals are very good at such discrimination; on 

the contrary, low relative accuracy is indicative of poor discrimination between items that 

are well learned and items that are poorly learned. Usually, relative accuracy is assessed 

by correlating JOLs and performance across items (i.e., word pairs, definitions, or texts) 

for each individual. Among all the possible types of correlation that can be used to 

measure relative accuracy, Nelson (1984) proposed the use of Goodman-Kruskal gamma 

correlation which is the measure that is usually reported in studies investigating 

metamemory and metacognition. Goodman-Kruskal gamma is a non-parametric 

correlation ranging from +1.0 to -1.0 that taps the ordinal relationship between judgments 

and performance.  

Studies in which participants are asked to make immediate JOLs generally reveal 

that participants have overall low relative accuracy. Although the correlation between the 

JOLs and predicted performance is reliably greater than zero, the correlation values are 

generally lower than +.50 (Dunlosky & Lipko, 2007; Maki, 1998; Nelson & Dunlosky, 

1991). However, variability is present depending on the material that participants are 

asked to learn. Studies in which the material to be learned is text almost always report 

gamma values that are lower than +.30.   

JOLs made immediately after each item has been learned are referred to as 

immediate JOLs. The same pattern is not observed if the judgments are not made 
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immediately after learning. When a short amount of time elapses between the end of the 

learning phase and the prompt for the JOL, relative accuracy is generally higher. This 

effect is called delayed-JOL effect (Nelson & Dunlosky, 1991) and JOLs made after some 

time has elapsed between the learning of the item and the prompt to make the judgment 

are referred to as delayed JOLs.  The participants in Nelson and Dunlosky’s (1991) 

experiment first learned a list of paired associates, then made either an immediate or a 

delayed JOL, and, finally, recalled the second word in the pair when cued with the first 

one. When the gamma correlation was computed between JOLs and subsequent recall, it 

was found that relative accuracy was much greater for delayed JOLs (+.90) then for 

immediate ones (+.38). The delayed-JOL effect has been extensively replicated in the 

literature examining learning of paired associates (Dunlosky & Nelson, 1994; Kelemen & 

Weaver, 1997).  When it comes to delayed JOLs for text material, Maki (1998) compared 

a condition in which prediction of performance and test occurred immediately after 

reading the text with conditions in which either judgments or the test where delayed. 

Highest relative accuracy was found when predictions and test occurred immediately 

after reading the text. Delaying either the predictions or the test did not result in an 

improvement of relative accuracy. These results are disappointing if we think that in real 

world situations, such as when students are preparing for an upcoming examination, test 

is in fact delayed with respect to study time. 

Absolute accuracy (also called calibration) answers to a different type of 

question, namely the degree to which the absolute values of the JOLs correspond to the 

actual level of performance observed at test time (Keren, 1991). The signed difference 
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between JOLs and actual performance is referred to as bias. A positive difference 

indicates that predicted performance is higher than actual text performance. In this case 

individuals are said to be overconfident. A negative difference, on the contrary, indicates 

that predicted performance is lower than actual test performance. In this situation 

individuals are said to be under-confident. Overconfidence and under-confidence are the 

two types of bias that can be found when people try to predict their performance after 

learning a certain material. The ideal situation would be for individuals to be able to 

correctly predict their exact performance on each particular type of test.  

Whereas in the metacognition literature relative accuracy has been used in both 

metamemory (see for example Dunlosky & Nelson, 1991; Kelemen & Weaver, 1997) and 

metacomprehension (Maki, 1998) research, absolute accuracy has been mainly used in 

studies investigating comprehension of text and performance in classroom environments. 

Given that absolute and relative accuracy measure JOLs’ accuracy in two different ways, 

they do not necessarily agree: relative accuracy can be low and absolute accuracy high or 

vice versa. Koriat (1997), for example, found that when participants re-studied a list of 

paired associates, their JOLs’ absolute accuracy decreased. On the contrary, relative 

accuracy did improve after the items were studied the second time. These results are 

counterintuitive because we would expect not only relative accuracy but also absolute 

accuracy to increase with the increase in number of presentations of the stimuli. Maki, 

Shields, Wheeler, and Zacchilli (2005) computed both relative and absolute accuracy for 

JOLs over text materials as a function of participants’ verbal ability. Very different 

patterns of results were found: whereas absolute accuracy was related to students’ verbal 
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ability, the same was not true for relative accuracy. The fact that no significant 

correlation was found between the two types of accuracy seems to indicate that the two 

measures are tapping different processes. 

Improving Accuracy of JOLs 

 If we go back to the framework developed by Nelson and Narens (1990), we can 

easily understand how important accurate monitoring is in terms of control of the 

learning processes. For example, in order to have a good performance during an in-class 

examination, at study time students need to be aware of which parts of a certain chapter 

have been perfectly mastered and which others are not yet well understood. Once 

students know which items are not completely mastered, they should be able to solve the 

situation, for example by deciding to allocate more study to the items that need it. 

However, the results in the metamemory and metacomprehension literature indicate that 

this does not happen very often. In general, as weak gamma values indicate, we are not 

always able to correctly discriminate between well and less well learned items. The 

implication of this is that corrective measures cannot be adopted. Starting from this 

observation, researchers have tried to come up with ways to improve relative accuracy so 

that learning and subsequent performance can be maximized.  

 A series of studies looked at the influence of practice tests on the individuals’ 

ability to predict their performance on the actual text. Glenberg et al. (1987) found that 

when participants were asked to make JOLs after answering a practice test that was 

similar, but not identical to the question for the actual test, their predictions were not 

significantly different than when no practice test was presented. They did find an 
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improvement in accuracy of predictions only when practice test and actual test were 

identical. Consistent results were obtained by Maki and Serra (1992): they found that 

taking a practice test consisting of multiple-choice questions did not improve prediction 

on the final test. Also, taking a practice test identical to the final one did in fact increase 

accuracy of predictions but such predictions were no more accurate than the ones 

produced when no practice tests were presented. These results are not very encouraging 

in terms of real world applications.  

Maki, Foley, Kajer, Thompson, and Willert (1990) investigated whether increased 

processing of text stimuli increased JOLs accuracy. Increased processing of text was 

obtained by deleting letters in the text itself so that participants either read an intact text 

or a text with deleted letters. Both when the amount of processing was manipulated 

within (Experiment 1) and between (Experiment 2) subjects, findings showed that 

participants were better able to predict later test performance when more processing was 

required during reading of the text. These results indicate that paying more attention to 

what is being read, which is necessary when letters are deleted, does actually increase the 

ability to monitor learning. Although promising, this is a manipulation that is not really 

feasible in real world situations. 

 Rawson, Dunlosky, and Thiede (2000) postulated that metacomprehension 

accuracy can be improved when individuals pay attention to the deeper meaning of a text. 

Thus, any technique that forces the readers to understand the text at a deeper level should 

result in improved metacomprehension accuracy. Their hypothesis was supported by the 

findings of a series of experiments. Rawson et al. (2000) found that simply giving to the 
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participants the possibility to reread a text increased relative accuracy of JOLs which 

went from +.24 to +.571. Thiede and Anderson (2003) found that participants that 

summarized a text before making a JOL were more accurate in their predictions than 

participants that produced JOLs without first summarizing the text. This was true only 

when some time elapsed between the reading of the text and the summarization. Similar 

results were obtained by Thiede, Anderson, and Therriault (2003). In their experiment, a 

group of participants were asked to produce five key terms that they thought to be 

representative of the texts just read before making predictions about performance at later 

test time. Participants that produced the keywords were more accurate in their predictions 

than a control group that did not generate the keywords. Similarly to what happened in 

the Thiede and Anderson (2003) study, facilitation occurred only when the generation of 

keywords was delayed. The results of this study were replicated by Thiede, Dunlosky, 

Griffin, and Wiley (2005). Overall, it seems that when a delay occurs between the 

learning phase and test time individuals’ metacomprehension accuracy increases. Also, 

performing an activity that forces the reader to process the text at a deeper level seems to 

help develop better metacomprehension. 

Basis of Metacognition Judgments 

 The findings reported in the previous section are encouraging: although research 

shows that, in general, individuals are not very good at predicting their own performance, 

researchers have been able to individuate techniques that improve metacognitive 

monitoring and, as a consequence, the accuracy of predictions. These are very interesting 

findings but they do not tell us much about how JOLs are actually made. Researchers are 

                                                 
1 This finding has been difficult to replicate (from personal communication with Dr. Maki) 
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actually very interested in uncovering the processes at the basis of the accuracy (or 

inaccuracy) of JOLs. For example, they are trying to determine why relative accuracy is 

low when JOLs are produced immediately after learning, why predictions are more 

accurate in some situations and not in others and why patterns observed for relative and 

absolute accuracy differ. Understanding these issues is fundamental in order to develop a 

comprehensive theory of metacognition judgments. 

 As Schwartz (1997) illustrates in his review, researchers have proposed different 

theories of how metacognitive judgments are made. These theories can be classified 

under two main viewpoints: a direct-access approach and an inferential approach. 

According to the direct access approach, individuals have direct access to the actual 

memory trace about which a judgment has to be made. Being based on direct access to 

the memory trace, predictions of performance should be highly accurate. The inferential 

view denies direct access to memory traces and postulates that judgments are based on 

the accessibility of cues (such as ease of processing, ease of comprehension, familiarity, 

etc.) related to the to-be-remembered item. From the accessibility of such cues, 

inferences are made about how likely the item will be remembered. If cues are highly 

accessible, then individuals are more likely to judge the item as easily recallable at test 

time. It is important to notice that the inferential nature of JOLs does not guarantee 

predictions of performance to be accurate due to the fact that inferences of accessibility 

of a certain item, based on the accessibility of a related cue could be wrong.  

 One example of direct access theory is the monitoring of dual memories (MDM) 

theory, formulated by Nelson and Dunlosky (1991) in order to account for the low 
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accuracy of immediate JOLs and the delayed-JOL effect. According to the MDM theory, 

when making JOLs, both short term and long term memory are monitored. When JOLs 

are immediate, then the information contained in short term memory is prevalent (more 

accessible) and it is on this information that the JOLs are based. However, given that not 

all the information in short term memory will be transferred to long term memory as time 

elapses and the test is taken, thus, at the time of prediction of performance, individuals 

think that they know more than what they actually do. On the contrary, when delayed 

JOLs are produced, information in long term memory is accessed. In this case predictions 

are based on what is actually retained and for this reason they are more accurate. The 

major problem that has been found with direct access theories is in the inconsistency 

between what this view predicts and actual findings in the literature. In particular, some 

studies have shown that variables that enhance memory performance do not affect 

judgments correspondingly (Schwartz & Metcalfe, 1992).  

Researchers have not only been able to show that the direct access view is not 

likely to be the correct way to look at how metacognition judgments are produced, but 

they have also shown that such judgments are actually based on cues that are not related 

to the actual strength of the memory trace. For example Begg, Duft, Lalonde, Melnik, 

and Sanvito (1989) found that predictions of performance on paired-associates are based 

on ease of processing. In particular, the easier a word is perceived, the more likely 

individuals are to predict that the word will be remembered correctly at test time. 

Similarly, Maki and Serra (1992) found that ease of comprehension is one of the factors 

that play a role when participants are asked to predict their future test performance after 
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reading expository texts. Rawson and Dunlosky (2002) investigated the role of ease of 

processing on prediction of future performance on texts. Ease of processing was 

manipulated by varying the coherence of the texts that participants read. Across four 

experiments, the authors found that prediction magnitudes increased with the ease of 

processing of texts: the easier to process the text (more coherent), the greater the 

magnitude of the predictions.  

The findings here reported are in agreement with the main claim of the inference 

based view of metacognition judgments: predictions are not made by accessing directly 

the memory trace but they are the results of inferences about how many different types of 

cues (such as ease of comprehension, ease of processing, familiarity, etc.) relate to 

subsequent performance. If the cues used at the time of metacognitive judgments are 

relevant and consistent with the factors that affect subsequent performance, then 

participants will be accurate in their predictions. 

 One of the first researchers to propose an inference-based account of the accuracy 

of metacognitive judgments was Koriat (1993), with his accessibility model of the FOK. 

Although such model was developed for FOKs, it has been also used to account for the 

observed low accuracy of JOLs. According to the accessibility hypothesis, individuals’ 

metacognitive judgments are based on inferences from the total amount of information 

about a certain test item that can be accessed immediately before the judgment is made. 

Thus, if lots of information can be accessed, then prediction of performance will be high. 

However, given that individuals do not evaluate whether such information is in fact 
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correct and relevant in terms of the criterion test, accessing lots of information could 

actually impair predictions’ accuracy. 

 Another inference-based account of metacognitive judgments is the cue-

utilization approach formulated by Koriat (1997). According to this approach, JOLs are 

produced by making inferences from three types of cues: intrinsic cues, extrinsic cues, 

and mnemonic cues. Intrinsic cues are cues relative to the to-be-studied item itself, cues 

that can indicate whether the item will be easy or difficult to learn and remember. 

Extrinsic cues are relative to factors external to the to-be-studied item, such as the 

conditions of learning and the type of encoding adopted by the learner. Finally, 

mnemonic cues are internal indicators that inform the learner about the extent to which 

the item has been learned and how likely it is that it will be recalled in future. Examples 

of such indicators are ease of processing (Begg et al., 1989), cue familiarity (Metcalfe, 

Schwartz, & Joaquim, 1993), and memory for ease of acquisition (Lovelace, 1984). 

Intrinsic and extrinsic cues can have both direct influence and indirect influence on the 

JOLs, that is, intrinsic and extrinsic cues can influence mnemonic cues, which, in turn, 

influence JOLs. The most important implication of this approach is that, given that the 

relative weight of the different types of cues can vary depending both on the specific 

situation and with practice, accuracy of JOLs can greatly vary too, depending on which 

type of cue is more predominant and on whether such cues are actually predictive of 

performance at later test time. 

 The transfer appropriate monitoring (TAM) hypothesis has also been developed to 

account for the low accuracy of metacognitive judgments. This hypothesis is based on the 
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idea that the more the properties of the context in which judgments are made and the 

properties of the context in which test is taken match, the more accurate the judgments. 

Findings by Glenberg et al. (1987) supported this hypothesis: accuracy was high when 

participants, before producing JOLs, were asked to answer a practice question that was 

identical to the criterion question. In this case the processes elicited at the time of 

judgment were almost perfectly matching the ones elicited at test time. 

The Underconfidence with Practice (UWP) Effect 

 Some of the findings in the metamemory and metacomprehension literature is 

particularly relevant when approaching the study of JOLs for spatial information. The 

first interesting finding, reported by Koriat, Sheffer, and Ma’ayan (2002), is referred in 

the literature as the underconfidence with practice effect (UWP). The effect was first 

reported by Koriat (1997). In his study participants were asked to learn a list of paired 

associates, to make a prediction of future performance after each pair was presented, and 

to respond to a cued-recall test. Right after the test, the whole procedure was repeated. 

Effects of restudy on accuracy of JOLs were different than expected: practice with the 

stimuli to be learned did increase relative accuracy, i.e., the ability to discriminate which 

items are well learned and which one are not, but impaired absolute accuracy, i.e., the 

degree to which the absolute value of JOLs corresponds to the performance observed at 

test time. In particular, participants showed very good absolute accuracy after the first 

presentation, however, after the second presentation, JOLs were significantly lower than 

mean recall. Thus, after the second recall, participants’ ability to predict future 

performance became biased, with individuals being underconfident. These results are in 
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contrast with what one would normally expect: having one more chance to learn a certain 

material should increase predictive ability. What is even more interesting is that the 

pattern of relative accuracy is actually very different, with relative accuracy increasing 

with more presentations of the material. These results are partially counter intuitive and 

need to be taken carefully into consideration when analyzing situations in which the 

material to be learned is presented more than once. For example the UWP effect could be 

present in individuals trying to learn a route from a map during sessions that are 

temporally separated.  

The Unskilled and Unaware of It Effect 

 The number of presentations of the materials to be learned is not the only variable 

producing bias in JOLs. In an experiment investigating individual differences in absolute 

and relative accuracy, Maki, Shields, Wheeler and Zacchilli (2005) found that, after 

reading a text, participants with lower verbal abilities were overconfident in predicting 

their future performance. On the contrary, students with high verbal abilities produced 

underconfident predictions. This finding seems to be related to “unskilled and unaware of 

it” effect reported by Kruger and Dunning (1999). They observed that individuals 

characterized by poor skills in a certain domain were not able to predict future 

performance for that same domain. Across four experiments, in which different types of 

skills were tested, the authors found overconfidence in judgments for participants scoring 

in the bottom quartile. On the contrary, participants in the top quartile showed a moderate 

underconfidence. Kruger and Dunning (1999) formulated the hypothesis that unskilled 

people are not able to formulate correct predictions because, in order to make such 
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accurate predictions, they should use the same type of skill needed to accomplish the task 

itself. Thus, they not only perform the task poorly, but they are not even aware of the 

situation. 

JOLs and Spatial Cognition  

 So far only one study (Schwartz, 2006) with the aim of investigating spatial 

metamemory has been conducted. The procedure used by Schwartz (2006) was pretty 

similar to the one usually found in metamemory and metacomprehension studies. The 

main difference between Schwartz’s (2006) study and metamemory and 

metacomprehension studies consisted in the to-be-learned materials: instead of asking 

participants to learn paired associates or texts, the object of learning was spatial 

information, either gathering the information from maps (Experiment 1) or from written 

descriptions (Experiment 2). In both experiments the study phase of each map or written 

description lasted 60 seconds. Following each learning phase, participants had to judge 

how confident they were that they had learned the route (they had 20 seconds to produce 

each JOL). Finally, at test time, participants’ knowledge was tested by asking them to 

write or draw the route previously learned. Participants were given 30 seconds to recall 

the directions and they could freely choose whether to draw them or write them down. 

Interestingly, Schwartz found pretty high relative accuracy: the mean gamma correlation 

in Experiment 1, where participants learned the directions from a map, was .81 and the 

mean gamma correlation for Experiment 2, where directions were learned from written 

descriptions, was .85. These values are high when compared to immediate JOLs 
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produced after reading a text but comparable to delayed JOLs produced after learning 

paired associates. 

Brief Summary of the Metacognition Literature  

 In the previous paragraphs the current status of the research in metamemory and 

metacomprehension has been briefly presented. Two main areas of interest can be 

identified: some researchers are interested in formulating a comprehensive theory of 

metacognition so that it is possible to explain how individuals formulate the JOLs.  Other 

researchers take a more applied approach by trying to find ways to improve absolute and 

relative accuracy of JOLs so that individuals could be more aware of what they can or 

cannot remember and/or comprehend.  

 As Schwartz (2006) points out, the JOLs methodology could prove extremely 

helpful in the investigation of metamemory and metacomprehension of spatial 

information. Absolute accuracy, for example, is extremely important when it comes to 

comparing the different types of input that are capable of conveying spatial information. 

In particular, by analyzing absolute accuracy it would be possible to understand whether 

the type of input influences the magnitude of the JOLs. Also, the UWP effect is 

particularly relevant when it comes to the learning of spatial information. For example, it 

could happen that, as a route direction is presented more than once, individuals’ 

confidence in their future performance could decrease. Any knowledge gathered from the 

application of the JOL methodology to spatial information is, at this point in time, 

extremely useful in terms of better understanding of the processes occurring during the 

acquisition of spatial information.
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APPENDIX B 

BIOGRAPHICAL QUESTIONNAIRE FOR EXPERIMENTS 1-3 

Participant #: _______________          Date 

__________________ 

Sex:   male  female 

Birth date: _____________________________ 

Please, indicate your preference in the use of hands for the following activities by 

checking the appropriate column. 

 Always  

Left  

Usually  

Left 

No  

Preference 

Usually  

Right 

Always  

Right 

Writing      

Drawing      

Throwing      

Scissors      

Toothbrush      

Knife (without 

fork) 

     

Spoon      

Broom (upper 

hand) 

     

Striking Match 

(hand with match) 

     

Opening Box     

(hand on lid) 

     

 

Is your father right-handed?  Yes No 

Is your mother right-handed?  Yes No 

How many brothers and sisters do you have? ____________ 
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How many of your brothers and sisters are right-handed? ____________ 

Have you ever studied a foreign language?  Yes No 

If yes, what language(s) and for how long? 

___________________________________________ 

________________________________________________________________________

______ 

Do you speak the language(s) well?  Yes No 

Do you have a musical background?  Yes No  If yes, what type and how 

much? 

________________________________________________________________________

______ 
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APPENDIX C 

EXPERIMENT 1 MATERIALS  

Practice trial – Shopping Mall 

 

Route description 

 
When you enter the Mall from the main entrance you will notice a street-like sign 
informing you that you are currently entering Main Avenue. 
Go north on Main Avenue and you will intersect with Marketplace Drive. 
Turn right on Marketplace Drive and on your left you will see the shoe store. 
Past the shoe store, on your left on Marketplace Drive, you will see the toy store. 
Past the toy store, Marketplace Drive intersects with Food Court Avenue. Turn left on 
Food Court Avenue and on your right you will see the pizza place, your destination, on 
your right. 

 

 

Map 
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Verification statements 

Route perspective 

1. The shoe store is on your right when you face the toy store from Marketplace 
Drive. (F) 

Survey perspective 

1. The toy store is north of Marketplace Drive and east of the shoe store. (T) 
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ENVIRONMENT A: River City’s downtown 

 

Route description 

 
The financial district is in the heart of River City. When you enter the main street of the 
district, High Street, you will see its restored cobblestone surface.  
Go east on High Street and you will intersect with a much narrower Green Avenue. 
Turn right on Green Avenue and on your right you will see the stock market. 
Past the stock market, on your right on Green Avenue, you will see the mortgage bank. 
On your right on Green Avenue, past the mortgage bank, is the legal firm. 
Past the legal firm, Green Avenue intersects a larger street, Main Street. Turn left on 
Main Street and on your left you will see the Town Hall. 
Past the Town Hall, Main Street intersects with Columbus Avenue. Turn right on 
Columbus Avenue and you will see the church, your destination, on the left.  
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Map 
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Verification statements 

Route perspective 
1. The stock market is on your right when you face the mortgage bank from Green 

Avenue. (True) 
2. The legal firm is on your right when you walk past the stock market on your right. 

(True) 
3. The stock market is on your left as you walk from the legal firm towards High 

Street on Green Avenue. (True) 
4. The mortgage bank is on your right when you face the stock market from Green 

Avenue. (False) 
5. The mortgage bank is on your right as you walk from the legal firm towards High 

Street on Green Avenue. (False) 
6. The legal firm is on your right as you turn right on Green Avenue while walking 

from the town hall towards the stock market. (False) 
Survey perspective 

1. The stock market is on the southwest corner of Green Avenue and High Street. 
(True) 

2. The mortgage bank is on the west side of Green Avenue and north of the legal 
firm. (True) 

3. The mortgage bank is south of the stock market and north of the legal firm. (True) 
4. Town hall is south of Main Street and east of Columbus Avenue. (False) 
5. The legal firm is on the southeast corner of Green Avenue and Main Street. 

(False) 
6. The legal firm is north of the mortgage bank and on the east side of Green 

Avenue. (False) 
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ENVIRONMENT B: River City’s university campus 

 

Route description 
River City’s University Campus is located in the center of the city. When you enter the 
main street of the campus, College Road, you will notice the beautiful landscaping.  
Go west on College Road and you will intersect Park Drive. 
Turn right on Park Drive and on your left you will see the administration building. 
Pas the Administration Building, on your left on Park Drive, you will see the library. 
Past the library, Park Drive intersects a larger street, Varsity Road. Turn right on Varsity 
Road and on your right you will see the university’s museum. 
Past the museum, on your right on Varsity Road, you will see the student union building. 
Past the student union building, Varsity Road intersects Research Drive. Turn left on 
Research Drive and on your left you will see your destination, the recreation center. 
 



Texas Tech University, Sara Girotto, August 2012    
 

216 
 

Map 
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Verification statements 

Route perspective 
1. The library is on your right when you face the administration building from Park 

Drive. (True) 
2. The museum is on your left when you walk past the student union on your left. 

(True) 
3. The museum is on your right as you walk towards Research Drive on Varsity 

Road. (True) 
4. The administration building is on your right when you face the library from Park 

Drive. (False) 
5. The student union is on your right as you walk from the legal firm towards Park 

Drive on Varsity Road. (False) 
6. The library is on your left as you turn left on Park Drive while walking from the 

museum towards the administration building. (False) 
Survey perspective 

1. The library is on the northwest corner of Park Drive and Varsity Road. (True) 
2. The student union is on the west side of Varsity Road and south of the museum. 

(True) 
3. The administration building is west of the library and on the north side of Park 

Drive. (True) 
4. The museum is on the east side of Varsity Road and south of Research Drive. 

(False) 
5. The student union is on the southeast corner of Research Drive and Varsity Road. 

(False) 
6. The library is west of the administration building and on the south side of Park 

Drive. (False) 
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APPENDIX D 

EXPERIMENT 2 MATERIALS  

 
Practice trial – Shopping Mall 

 

Route description 
When you enter the Mall from the main entrance you will notice a street-like sign 
informing you that you are currently entering Main Avenue. 
Go north on Main Avenue and you will intersect with Marketplace Drive. 
Turn right on Marketplace Drive and on your left you will see the shoe store. 
Past the shoe store, on your left on Marketplace Drive, you will see the toy store. 
Past the toy store, Marketplace Drive intersects with Food Court Avenue. Turn left on 
Food Court Avenue and on your right you will see the pizza place, your destination, on 
your right. 

 

Survey description 
When you enter the Mall from the main entrance you will notice a street-like sign 
informing you that you are currently entering Main Avenue. 
Main Avenue runs north-south, intersecting Marketplace Drive, which runs east-west. 
East of Main Avenue on the north side of Marketplace Drive is the shoe store. 
East of the shoe store on the north side of Marketplace Drive is the toy store.  
East of the toy store, Marketplace Drive intersect Food Court Avenue, which runs north-
south. 
North of Marketplace Drive on the east side of Food Court Avenue is the pizza place. 

 

Verification statements 
Route perspective 

1. The shoe store is on your right when you face the toy store from Marketplace 
Drive. (F) 

Survey perspective 
1. The toy store is north of Marketplace Drive and east of the shoe store. (T) 
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ENVIRONMENT A: River City’s downtown 

 

Route description 
Downtown is the heart of River City. When you enter the main street of downtown, High 
Street, you will see its restored cobblestone surface.  
Go east on High Street and you will intersect with a much narrower Green Avenue. 
Turn right on Green Avenue and on your right you will see the stock market. 
Past the stock market, on your right on Green Avenue, you will see the mortgage bank. 
On your right on Green Avenue, past the mortgage bank, is the legal firm. 
Past the legal firm, Green Avenue intersects a larger street, Main Street. Turn left on 
Main Street and on your left you will see the Town Hall. 
Past the Town Hall, Main Street intersects with Columbus Avenue. Turn right on 
Columbus Avenue and you will see the church, your destination, on the left.  

 

Survey description 
Downtown is the heart of River City. The main street of downtown, High Street, has a 
restored cobblestone surface. 
High Street runs east-west, intersecting a much narrower Green Avenue, which runs 
north-south. 
South of High Street on the west side of Green Avenue is the stock market. 
South of the stock market on the west side of Green Avenue is the mortgage bank. 
On the west side of Green Avenue, south of the mortgage bank is the legal firm. 
South of the legal firm, Green Avenue intersects a larger street, Main Street, which runs 
east-west.  
East of Green Avenue on the north side of Main Street is the Town Hall.  
East of the Town Hall, Main Street intersects Columbus Avenue, which runs north-south. 
South of Main Street on the east side of Columbus Avenue is the church.  
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Verification statements 

Route perspective 
7. The stock market is on your right when you face the mortgage bank from Green 

Avenue. (True) 
8. The legal firm is on your right when you walk past the stock market on your right. 

(True) 
9. The stock market is on your left as you walk from the legal firm towards High 

Street on Green Avenue. (True) 
10. The mortgage bank is on your right when you face the stock market from Green 

Avenue. (False) 
11. The mortgage bank is on your right as you walk from the legal firm towards High 

Street on Green Avenue. (False) 
12. The legal firm is on your right as you turn right on Green Avenue while walking 

from the town hall towards the stock market. (False) 
Survey perspective 

7. The stock market is on the southwest corner of Green Avenue and High Street. 
(True) 

8. The mortgage bank is on the west side of Green Avenue and north of the legal 
firm. (True) 

9. The mortgage bank is south of the stock market and north of the legal firm. (True) 
10. Town hall is south of Main Street and east of Columbus Avenue. (False) 
11. The legal firm is on the southeast corner of Green Avenue and Main Street. 

(False) 
12. The legal firm is north of the mortgage bank and on the east side of Green 

Avenue. (False) 
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ENVIRONMENT B: River City’s university campus 

 

Route description 
River City’s University Campus is located in the center of the city. When you enter the 
main street of the campus, College Road, you will notice the surrounding beautiful 
landscaping.  
Go north on College Road and you will intersect Park Drive. 
Turn right on Park Drive and on your left you will see the administration building. 
Pas the administration building, on your left on Park Drive, you will see the library. 
Past the library, Park Drive intersects a larger street, Varsity Road. Turn right on Varsity 
Road and on your right you will see the university’s museum. 
Past the museum, on your right on Varsity Road, you will see the student union building. 
Past the student union building, Varsity Road intersects Research Drive. Turn left on 
Research Drive and on your left you will see your destination, the recreation center. 
 

Survey description 
River City’s University Campus is located in the center of the city. The main street of the 
campus, College Road, is beautifully landscaped. 
College Road runs north-south, intersecting another street, Park Drive, which runs east-
west.  
East of College Road, on the north side of Park Drive is the administration building.  
East of the administration building on the north side of Park Drive is the library. 
East of the library, Park Drive intersects a larger street, Varsity Road, which runs north-
south.  
South of Park Drive on the west side of Varsity Road is the university’s museum.  
South of the museum on the west side of Varsity Road is the student union building.  
South of the student union building Varsity Road intersects Research Drive, which runs 
east-west.  
East of Varsity Road on the north side of Research Drive is the recreation center. 
 

Verification statements 

Route perspective 
7. The library is on your right when you face the administration building from Park 

Drive. (True) 
8. The museum is on your left when you walk past the student union on your left. 

(True) 
9. The museum is on your right as you walk towards Research Drive on Varsity 

Road. (True) 
10. The administration building is on your right when you face the library from Park 

Drive. (False) 
11. The student union is on your right as you walk from the legal firm towards Park 

Drive on Varsity Road. (False) 
12. The library is on your left as you turn left on Park Drive while walking from the 

museum towards the administration building. (False) 
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Survey perspective 
7. The library is on the northwest corner of Park Drive and Varsity Road. (True) 
8. The student union is on the west side of Varsity Road and south of the museum. 

(True) 
9. The administration building is west of the library and on the north side of Park 

Drive. (True) 
10. The museum is on the east side of Varsity Road and south of Research Drive. 

(False) 
11. The student union is on the southeast corner of Research Drive and Varsity Road. 

(False) 
12. The library is west of the administration building and on the south side of Park 

Drive. (False) 
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APPENDIX E 

EXPERIMENT 3 MATERIALS  

 
ENVIRONMENT A: Downtown area  

 

Determinate route perspective 
From the entrance of Mount Lebanon Park, turn right on Cedar Boulevard, going east. 
Mount Lebanon Park is the site of the annual Octoberfest Celebration. On Cedar 
Boulevard, pass the first intersection of Highway 19 and turn left at the second 
intersection of Highway 19. You will pass Dormant High School on your left. Last year 
there was construction on Highway 19. The highway was expended from a three-lane to a 
four-lane highway. From Highway 19 turn right onto Wenzell Avenue. Wenzell Avenue 
leads to the older part of town, where most of the houses were built in the late 1800s or 
early 1900s. As you continue on Wenzell Avenue, you will notice Mount Lebanon 
Cemetery on your right. As you continue on Wenzell Avenue, the road becomes 
Brookline Boulevard until it dead-ends at Jacobs street. Every spring Brookline 
Boulevard is the site of a volleyball tournament. On Brookline Boulevard, you will pass 
Johns Park on your left and then turn left on Jacobs Street which you will follow to 
Highway 51. Continuing on Jacobs Street, South Side Cemetery will be on the right. 
Take the right fork of Highway 51 and go straight until you reach Bausman Street, which 
leads to the center of McKinley Park. As you follow the right fork of Highway 51, 
McKinley Park will be to your left.  
 

Overdeterminate route perspective 
From the entrance of Mount Lebanon Park, turn right on Cedar Boulevard, going east. 
From Cedar Boulevard, you will notice Mount Lebanon Pool to your right. On Cedar 
Boulevard, pass the first intersection of Highway 19 and turn left at the second 
intersection of Highway 19. You will pass Dormant High School on your left. From 
Highway 19 turn right onto Wenzell Avenue. As you continue on Wenzell Avenue, you 
will first notice Mount Lebanon Cemetery on your right and Shiras Avenue on your left. 
Continuing on Wenzell Avenue, you will notice Baldwin township on your right and 
West Liberty on your left. As you continue on Wenzell Avenue, the road becomes 
Brookline Boulevard until it dead-ends at Jacobs street. As you continue on Brookline 
you will pass Overbrook Junior High on your right and Johns Park on your left. From 
Brookline Boulevard, turn left on Jacobs Street and follow it to Highway 51. Continuing 
on Jacobs Street, South Side Cemetery will be on the right and Whited Street will be on 
the left. Take the right fork of Highway 51 and go straight until you reach Bausman 
Street, which leads to the center of McKinley Park. As you follow the right fork of 
Highway 51, Carrick High School will be to your right and McKinley Park will be to 
your left.  
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Determinate map
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Overdeterminate map  
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Verification statements 

Route perspective 
1. Carrick High School is behind you when you face McKinley Park from Highway 

51. (True) 
2. Overbrook Junior High is on your right as you walk from Mount Lebanon 

Cemetery towards Jacobs Street on Wenzell Avenue/Brookline Boulevard. (True) 
3. South Side Cemetery is on your left as you turn left on Jacobs Street while 

walking from Overbrook Junior High towards Highway 51. (False) 
4. Mount Lebanon Cemetery is on your left as you turn right on Wenzell Avenue 

while walking from Dormant High School towards Overbrook Junior High. 
(False) 
 

Survey perspective 
1. Mount Lebanon Cemetery is on the southeast corner of Wenzell Avenue and 

Highway 19. (True) 
2. Dormant High School is on the west side of Highway 19 and north of Mount 

Lebanon Park. (True) 
3. Overbrook Junior High is north of Brookline Boulevard and east of Jacobs Street. 

(False) 
4. Carrick High School is on the northeast corner of Highway 51 and Jacobs Street. 

(False) 
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ENVIRONMENT B: Business area 

 

Determinate route perspective 
From the main entrance of River City High School, turn right on High Street, going 
north. The High School is a very large stone building recently remodeled. On High 
Street, pass the first intersection of Green Boulevard and turn left at the second 
intersection of Green Boulevard. You will pass the stock market on your right. Last 
month construction has begun on Green Boulevard. In order to accommodate increasing 
traffic, the Boulevard will go from two to three lanes. From Green Boulevard turn right 
onto Main Street. Main Street is one of the oldest streets in River City and lead to the 
center of the city. As you continue on Main Street, you will notice the mortgage bank on 
your left. As you continue on Main Street, the road becomes Columbus Avenue until it 
intersects River Street. In the fall local artists display their works outdoors along River 
Street. On Columbus Avenue, you will pass River City Park on your right and then turn 
right on River Street, which you will follow to Highway 12. Continuing on River Street, 
River City Pool will be on the right. Take the right fork of Highway 12 and go straight 
until you reach Parkway Street, which leads to the main entrance of River City 
Community Center. As you follow the right fork of Highway 12, the Community Center 
will be to your right. 
 
Overdeterminate route perspective 
From the main entrance of River City High School, turn right on High Street, going 
north. From High Street, you will notice River City High School’s football field to your 
right. On High Street, pass the first intersection of Green Boulevard and turn left at the 
second intersection of Green Boulevard. You will pass the stock market on your right. 
From Green Boulevard turn right onto Main Street. As you continue on Main Street, you 
will first notice the mortgage bank on your left and Spring Avenue on your right. 
Continuing on Main Street, you will notice the legal firm on your right and the Town 
Hall on your left. As you continue on Main Street, the road becomes Columbus Avenue 
until it intersects River Street. As you continue on Columbus Avenue, you will pass St. 
Joseph’s Church on your left and River City Park on your right. From Columbus Avenue, 
turn right on River Street and follow it to Highway 12. Continuing on River Street, River 
City Pool will be seen on the right and Lake Avenue will be on the left. Take the right 
fork of Highway 12 and go straight until you reach Parkway Street, which leads to the 
main entrance of River City Community Center. As you follow the right fork of Highway 
12, Gottsman Elementary School will be to your left and the Community Center to your 
right. 
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Determinate map 
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Overdeterminate map 
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Verification statements 

Route perspective 
1. River City Community Center is behind you when you face Gottsman Elementary 

from Highway 12. (True) 
2. River City Pool is on your right as you turn right on River Street while walking 

from River City Park towards Highway 12. (True) 
3. Gottsman Elementary is on the right when you face River City Community Center 

from Highway 12. (False) 
4. The stock market is on your left as you turn left on Green Boulevard while 

walking from River City High School towards the mortgage bank. (False) 
Survey perspective 

1. The mortgage bank is on the northwest corner of Main Street and Green 
Boulevard. (True) 

2. The stock market is on the north side of Green Boulevard and east of the 
mortgage bank. (True) 

3. River City Pool is north of River Street and west of River City Park. (False) 
4. River City Park is on the northeast corner of River Street and Columbus Avenue. 

(False) 
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ENVIRONMENT C: University campus 

 

Determinate route perspective 
From the main entrance of the Computer Science Department, turn left on College Road, 
going south. The Computer Science Department building has been recently completed 
and is the newest on campus. On College Road, pass the first intersection of Parkway 
Drive and turn left at the second intersection of Parkway Drive. You will pass the 
Administration Building on your left. The Administration Building is one of the oldest on 
campus and has been built in the late 1800s. From Parkway Drive turn right onto Varsity 
Road. Varsity Road is very crowded around lunchtime: most of the students meet there to 
grab some lunch and have some fun outside. As you continue on Varsity Road, you will 
notice the Library on your right. As you continue on Varsity Road, the road becomes 
Chancellor Avenue until it intersects Research Drive. Every morning you can walk along 
Chancellor Avenue and see squirrels running on the trees. On Chancellor Avenue, you 
will pass the College of Architecture on your right and then turn right on Research Drive, 
which you will follow to Liberty Freeway. Continuing on Research Drive, the 
Greenhouse will be on the left. Take the right fork of Liberty Freeway and go straight 
until you reach Millford Street, which leads to the main entrance of the Bell Auditorium. 
As you follow the right fork of Liberty Freeway, the Bell Auditorium will be to your 
right. 
 
Overdeterminate route perspective 
From the main entrance of the Computer Science Department, turn left on College Road, 
going south. From College Road, you will notice the Engineering Building to your right. 
On College Road, pass the first intersection of Parkway Drive and turn left at the second 
intersection of Parkway Drive. You will pass the Administration Building on your left. 
From Parkway Drive turn right onto Varsity Road. As you continue on Varsity Road, you 
will first notice the Library on your right and Kennedy Avenue on your left. Continuing 
on Varsity Road, you will notice the Museum on your right and the Mathematics 
Department on your left. As you continue on Varsity Road, the road becomes Chancellor 
Avenue until it intersects Research Drive. As you continue on Chancellor Avenue, you 
will pass the Student Union Building on your left and the College of Architecture on your 
right. From Chancellor Avenue, turn right on Research Drive and follow it to Liberty 
Freeway. Continuing on Research Drive, the Greenhouse will be seen on the left and 
President Avenue will be on the right. Take the right fork of Liberty Freeway and go 
straight until you reach Millford Street, which leads to the main entrance of the Bell 
Auditorium. As you follow the right fork of Liberty Freeway, the Recreation Center will 
be to your left and the Bell Auditorium to your right. 
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Determinate map 
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Overdeterminate map 
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Verification statements 

Route perspective 
1. The Recreation Center is behind you when you face the Bell Auditorium from 

Liberty Freeway. (True) 
2. The Library is on your right as you turn right on Varsity Road while walking from 

the Administration Building towards Research Drive. (True) 
3. The Bell Auditorium is on the right when you face the Recreation Center from 

Liberty Freeway. (False) 
4. The Administration Building is on your right as you turn left on Parkway Drive 

while walking from the Computer Science Department towards Varsity Road. 
(False) 
 

Survey perspective 
1. The Library is on the southwest corner of Parkway Drive and Varsity Road. 

(True) 
2. The College of Architecture is on the west side of Chancellor Avenue and north 

of the Greenhouse. (True) 
3. The Administration Building is south of Parkway Drive and west of College 

Road. (False) 
4. The Greenhouse is on the northeast corner of Research Drive and Chancellor 

Avenue. (False) 
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ENVIRONMENT D: Zoo 

 

Determinate route perspective 
From the entrance of the Visitors Information Center, turn right on Junction Road, going 
west. The Visitor Information Center is where all the information about the Zoo can be 
found. All visitors should stop there before starting their visit. On Junction Road, pass the 
first intersection of Forest Trail and turn left at the second intersection of Forest Trail. 
You will pass the Picnic Area on your left. Around lunch time many families stop at the 
Picnic Area for a snack and to let the children rest. From Forest Trail turn left onto 
Arizona Trail. As you continue on Arizona Trail, you will notice the Desert Amphitheater 
on your right. As you continue on Arizona Trail, the path becomes Prairie Road until it 
dead-ends at Meadow Drive. Prairie Road is one of the kids’ favorite because many birds 
and monkeys can be observed from there. On Prairie Road, you will pass the Bird Lake 
on your right and then turn right on Meadow Drive, which you will follow to Bear 
Canyon Road. Continuing on Meadow Drive, the Panda research station will be on the 
left. Take the right fork of Bear Canyon Road and go straight until you reach Parkside 
Trail, which leads to the entrance of the Children’s Zoo. As you follow the right fork of 
Bear Canyon Road, the Children’s Zoo will be to your left. 
 
Overdeterminate route perspective 
From the entrance of the Visitors Information Center, turn right on Junction Road, going 
west. From Junction Road, you will notice the African Pavilion to your left. On Junction 
Road, pass the first intersection of Forest Trail and turn left at the second intersection of 
Forest Trail. You will pass the Picnic Area on your left. From Forest Trail turn left onto 
Arizona Trail. As you continue on Arizona Trail, you will first notice the Desert 
Amphitheater on your right and Tamarin Trail on your left. Continuing on Arizona Trail, 
you will notice the Reptile House on your right and the Swamp on your left. As you 
continue on Arizona Trail, the path becomes Prairie Road until it dead-ends at Meadow 
Drive. As you continue on Prairie Road, you will pass the Giraffe feeding station on your 
left and the Bird Lake on your right. From Prairie Road, turn right on Meadow Drive and 
follow it to Bear Canyon Road. Continuing on Meadow Drive, the Panda research station 
will be seen on the left and Australia Trail will be on the right. Take the right fork of Bear 
Canyon Road and go straight until you reach Parkside Trail, which leads to the entrance 
of the Children’s Zoo. As you follow the right fork of Bear Canyon Road, the Koala 
Exhibit will be to your right and the Children’s Zoo to your left. 
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Verification statements 

Route perspective 
1. The Children’s Zoo is behind you when you face the Koala Exhibit from Bear 

Canyon Road. (True) 
2. The Desert Amphitheater is on your right as you turn left on Arizona Trail while 

walking from the Picnic Area towards Meadow Drive. (True) 
3. The Children’s Zoo is on the right when you face the Koala Exhibit from Bear 

Canyon Road. (False) 
4. The Picnic Area is on your right as you turn left on Forest Trail while walking 

from the Information Center towards Arizona Trail. (False) 
Survey perspective 

1. The Giraffe Feeding Station is on the northwest corner of Parkway Drive and 
Varsity Road. (True) 

2. The Desert Amphitheater is on the south side of Arizona Trail and south of the 
Picnic Area. (True) 

3. The Koala Exhibit is south of Bear Canyon Road and west of Meadow Drive. 
(False) 

4. The Picnic Area is on the southwest corner of Arizona Trail and Forest Trail. 
(False) 

  

 

 


