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Abstract. Adults were taken to various positions on a college campus and 
asked to mark their locations on a round or square map drawn from either di-
rectly overhead or from an oblique angle. In session 1, participants were also 
given paper and pencil spatial tests to assess their skills in mental rotation (2D 
figure rotation), spatial visualization (paper folding), and spatial perception 
(water level). In session 2, participants completed computer-based navigation 
and mapping tasks. Performance varied widely among participants. Regression 
analyses showed that spatial skills predicted performance on both campus and 
computer mapping tasks, but the specific spatial skills that predicted success 
differed. Across map types, some differences in strategies and speed were ob-
served. Findings show the value of research with both real and simulated envi-
ronments, and with maps having varying cartographic properties.  
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1   Introduction 

Spatial cognition refers to the myriad of cognitive processes involved in acquiring, 
storing, representing, and manipulating knowledge about space. The spaces in ques-
tion may range from small spaces, visible from a single viewpoint and amenable to 
direct manipulation (e.g., a desk surface littered with objects), to environmental 
spaces that may be experienced by navigating to multiple vantage points (e.g., a cam-
pus or city environment), to geographic or celestial spaces that are rendered visible by 
amplifiers of human capacities (e.g., maps representing the entire surface of Earth at 
once, photographs of the far side of the moon) [1]. Cognitive processes concerning 
space may be supported by a variety of representations ranging from the interior and 
mental (e.g., mental images of individual objects or landmarks, a survey-like cogni-
tive map) to the external and concrete (e.g., Global Positioning System technology, a 
room blueprint, a road map). The focus of the research discussed here is on human 
adults’ ability to use external spatial representations (maps) to represent navigable 
environments. Specifically, we examine adults’ success in connecting locations in 
outdoor (campus or park) environments to locations on a map. 
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The motivation for our focus on maps is both practical and theoretical. At the prac-
tical level, maps are pervasive tools across eras and cultures, and maps are used to 
teach new generations about how to conceptualize and use the environments in which 
they live and work [2,3,4,5]. They play a central role in a wide range of disciplines as 
diverse as epidemiology, geology, geography, and ecology; they are used for common 
life tasks such as navigating to new locations, interpreting daily news reports, and 
making decisions about where to buy a house or locate a business [6,7]. Map use and 
map education may provide important pathways for enhancing users’ spatial skills 
more generally [5,8,9,10]. Research on map use may thus help to identify what map 
qualities impede or enhance clarity or use, and may help to identify what qualities of 
people must be taken into account when designing maps or educational interventions. 
At the theoretical level, research on map understanding is valuable because maps 
challenge users’ representational, logical, and – of particular relevance here – spatial 
concepts. Studying how adults successfully use maps (or become confused by them) 
may help to identify component spatial processes and strategies, in turn enhancing 
understanding of basic spatial cognition.  

In the current research, people were asked to find correspondences between loca-
tions in environmental space and locations on a map of that space. Figuring out where 
one is “on a map” is an essential step for using a map to navigate from one’s current 
location to another location. It is also an essential step for using a map to record in-
formation about spatial distributions of phenomena observed in the field, as when 
geologists record locations of rock outcrops, ecologists record the nesting areas of a 
particular species, or city planners record areas of urban blight. 

There is a relatively large body of research that explores the way that people de-
velop and use mental representations of large environments [11,12,13]. There is also a 
relatively large body of research that explores the way that people use maps to repre-
sent vista spaces, that is, spaces that extend beyond the tabletop, but that can still be 
seen from a single vantage point or with only minor amounts of locomotion [14,15]. 
But there has been relatively little work that combines experience in large-scale, navi-
gable spaces with finding one’s location on ecologically valid maps of those spaces. 
Our work falls at this intersection, and, as enumerated below, was designed to address 
four major topics: adults’ success and strategies in identifying their current locations 
on a map, whether these would differ with different map characteristics, whether suc-
cess would vary with participants’ spatial skills and gender, and, finally, whether pat-
terns of findings would be similar for field and computer mapping tasks.  

1.1   Finding Oneself on a Map 

First, we were interested in examining how well adults carry out the important step in 
map use of locating themselves on a map when they are in a relatively unfamiliar en-
vironmental space and are given a map of that space without verbal information. This 
is the condition one faces in real life when one is in a new environment with a map 
labeled in a completely foreign language (as, for example, when an English-literate 
monolingual is using a map labeled in Japanese or Arabic). 

To collect relevant data, we asked college students (relatively new to campus) to 
show their locations on a map similar to the one routinely provided to campus visi-
tors. Prior research [16] has shown that many adults head off in the wrong direction 
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after consulting posted “You Are Here” maps when the map is unaligned with the 
referent space (i.e., when up on the map does not indicate straight ahead in the space). 
Would adults likewise have difficulty identifying their own location on a map even if 
they had the opportunity to manipulate it as they liked? Would they rotate the map as 
they tried to get their bearings?  

1.2   Map Qualities  

Second, we were interested in examining the effect of map variables on the user’s 
success in identifying correct locations. Within psychology, research on map use has 
tended to pay relatively little attention to the particular kind of map used. That is, psy-
chological research has generally examined map performance in relation to person 
variables (e.g., age, sex, spatial skills) rather than in relation to cartographic variables 
(e.g., scale, viewing angle, color schemes). Within cartography, research has tended 
to examine the pragmatic effects of manipulating map variables (i.e., asking which of 
several maps works best), paying relatively little attention to how perceptual and cog-
nitive theories inform or are informed by the observed effects.  

One potentially fruitful way to tie these two traditions together is through the  
concept of embodiment, the notion that our bodies and bodily activities ground some 
aspects of meaning [17]. There has been considerable work on the importance of em-
bodied action for encoding spatial information from the environment. For example, 
Hegarty and colleagues [18] reported that kinesthetic experiences associated with 
moving through the environment contribute to learning spatial layouts. An embodi-
ment perspective also implies that place representations will be relatively more or less 
difficult to interpret to the degree that they are more or less similar to embodied ex-
perience [19]. Consistent with this argument, prior research has shown that preschool 
children are better able to identify locations on an oblique perspective map than on an 
overhead map (plan view) of their classroom, and are better able to identify referents 
on oblique than vertical aerial photographs [19,20,21]. In comparison to plan repre-
sentations, oblique representations are more consonant with perceptual experiences as 
humans move through their ecological niche using the sensory and locomotor capaci-
ties of their species.  

To test whether map characteristics have an effect on adult performance, we exam-
ined adults’ success in marking their locations on one of four different kinds of cam-
pus maps created by crossing two dimensions – viewing angle (varying whether the 
map was plan vs. oblique) and map shape (varying whether the map was round vs. 
square). We expected that the difference in viewing angle might show an advantage 
for the oblique map (following the embodiment argument above). We expected that 
the difference in shape might advantage the round map because unlike a rectilinear 
map, it does not implicitly privilege any particular orientation (thus perhaps increas-
ing participants’ propensity to turn the map into alignment with the environment). 
However, because the two map variables might be expected to interact (because an 
oblique – but not a plan view map – specifies a particular viewing direction), we did 
not design this work as a test of a priori predictions, but instead as a means of exam-
ining adults’ success and strategies in relation to map type. 
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1.3   Spatial Skills and the Campus Mapping Task 

A third goal of our research was to examine whether spatial skills would predict  
performance on the campus mapping task, and if so, which spatial tasks would have 
predictive value. Earlier investigators have addressed the relation between spatial 
abilities and success in learning large-scale spatial layouts [18,22]. Here we extended 
this approach to tasks that did not require integrating or remembering information 
gathered across time and space, but instead required participants to link information 
from the visible, directly perceived environment to a graphic representation of that 
environment. To select the candidate spatial skills, we drew from the task- and meta-
analysis of Linn and Petersen [23] which identified three major kinds of spatial abili-
ties: mental rotation (skill in imagining figures or objects moving through two- or 
three-dimensional space),  spatial perception (skill in representing one’s own or an 
object’s orientation despite conflicting visual cues or frames of reference), and spatial 
visualization (skill in solving multi-step spatial tasks by a combination of verbal and 
visual strategies). In addition, we designed our work to examine whether participant 
sex would have any predictive value for performance on the mapping task, above and 
beyond any that might be attributed to differences in measured spatial skills. This 
question was of interest because of the continuing evidence of gender differences in 
spatial cognition [24]. 

1.4   Simulating Environmental Mapping 

A final goal of our research was motivated by the practical challenges of studying 
map-related spatial cognition in the field as in the campus mapping task just de-
scribed. There are surprisingly frequent changes in field sites even in environments 
that might be expected to be highly stable. In our work, for example, even over short 
time spans we have encountered the construction of new buildings, new roads, and 
new signage, all of which influence the test environment, require a change in routes 
between locations, and necessitate the preparation of new maps. Outdoor testing is 
open to the exigencies of weather and daylight; the use of large field sites requires 
energetic experimenters and participants. The layout of field sites cannot be manipu-
lated to test theoretically interesting questions. It is difficult to identify local partici-
pants who do not yet have too much familiarity with the site and equally well it is 
difficult to identify and transport non-local participants to the site. These and similar 
concerns led us to join others who have attempted to develop simulated testing envi-
ronments [19,25] to study environmental cognition.  

The specific approach taken here was to derive research measures from the soft-
ware included in the Where Are We? [WAW?] map-skills curriculum developed by 
Kastens [26]. This software links dynamic images of eye-level views of a park (video-
taped as someone walked through a real park) to a plan map of that park. The soft-
ware allows the user to control the walk through the park (and hence the sequence of 
scenes shown on the video image) by clicking on arrows beneath the videotaped inset. 
Arrows (straight, pointing left, pointing right) control whether the video inset shows 
what would be seen if walking straight ahead, turning left, or turning right. As de-
scribed in more detail below, using WAW? exercises, we created mapping tasks in 
which eye-level views of the terrain had to be linked to locations and orientations on 
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the map. Our goal was first, to explore whether the same kinds of spatial skills (if 
any) would predict performance on the campus mapping and computer tasks, and 
second, to examine whether performance on the campus and computer tasks was 
highly related.  

1.5   Summary 

In summary, this research was designed to provide descriptive data on adults’ success 
and their strategies in marking maps to indicate their locations in a relatively new 
campus environment, to determine whether mapping performance or strategies would 
vary across maps that differed with respect to viewing angle (plan vs. oblique) and 
shape (square vs. round), to  examine whether paper and pencil spatial tasks and par-
ticipant sex would predict success on the campus mapping task, to explore whether 
similar person qualities would predict success on a computer mapping task, and to 
determine whether performance on the field and computer mapping tasks would be 
highly correlated.  

2   Method 

Students who were new to a large state university campus in the U.S. and were mem-
bers of the psychology department’s subject pool were recruited to participate in this 
study.  Sixty-nine students (50 women, 19 men; M [SD] age = 18.6 [1.4] years) par-
ticipated in session 1 for which they received course credit. Most participants (48) 
took part in this first session within 6 weeks of their arrival on campus, and the  
remainder did so within 10 weeks of arrival. Self-reported scores on the Scholastic 
Aptitude Test (SAT) were provided by 44 participants: Ms (SDs) for verbal and quan-
titative scores, respectively, were 599 (75) and 623 (78). Participants’ race/ethnicity 
reflected the subject pool which was almost entirely White.   

Following completion of all session-1 testing, participants were invited to return 
for session 2 for which they received either additional course credit or $10, as pre-
ferred. Of the initial group, 43 students (31 women, 12 men) returned.  

Session 1 included the outdoor campus mapping activity and paper and pencil spa-
tial tasks; session 2 included the computer mapping tasks. All testing for session 1 
was completed first to take advantage of better weather for outdoor testing, and to 
minimize students’ familiarity with campus for the campus mapping task. 

2.1   Campus Mapping Task   

Participants were greeted in a small testing room in the psychology department where 
they completed consent forms. They were then given a map of the room and asked to 
place an arrow sticker on the map so that the point of the arrow would show exactly 
where they were sitting in the room, and the direction of the arrow would show which 
direction they were facing. They were told that the experimenter would be using a 
stopwatch to keep track of how long the activities were taking, but to place the sticker 
at a comfortable pace rather than attempt to rush. Participants implemented these di-
rections indoors without difficulty. Following this introduction to the procedure, they 
were told that they would be doing something similar outside as they toured campus. 
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Participants were then led along a fixed route to five locations on campus. At each, 
a laminated campus map was casually handed to participants (maps were intentionally 
unaligned with the space), and participants were asked to place an arrow sticker on 
the map to show their location and direction. (Because there was some experimenter 
error in orienting participants at some locations, the directional data were compro-
mised and thus only those data depending on participant location are described here.)  

Each participant was randomly assigned to use one of four different campus maps 
described earlier. Both the oblique perspective map (the official campus map) and the 
plan map were created by the university cartographers except that all labels were re-
moved. All maps were identical in size and scale: square sides and circle diameters 
were 205 mm, representing approximately 965 m, thus at a scale of approximately 
1:4,700. An illustrative map is shown in Fig. 1. 

At each location, the experimenter recorded whether the participant turned the map 
from its initial orientation, the time taken to place the sticker on the map (beginning 
from when the map was handed to the participant), and the map orientation (in rela-
tion to the participant’s body) at the moment the sticker was placed. Participants did 
not have a map as they were led from location to location, and experimenters chatted 
with participants as they walked to reduce the likelihood that participants would focus 
on their routes. After all test locations had been visited, the participants returned to 
the lab where they were given the paper and pencil spatial tasks (described later). Par-
ticipants were asked to provide their scores on the SAT if they could remember them 
and were willing to report them.  

 

Fig. 1. Round oblique map. See text for information on map size and scale. 
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After the session was completed, each map with its sticker was scanned. Of the po-
tential 345 sticker placements (5 stickers for each of 69 participants), 3 stickers from 
two participants’ maps became dislodged before the maps were scanned and thus full 
data for the campus map task were available for 67 of the 69 participants. Sticker 
placements were scored as correct if the tip of the arrow fell within a circle centered 
on the correct location, with a radius of 6 mm (equivalent to approximately 28 m on 
the ground).  

2.2   Computer Mapping Tasks 

In session 2 we administered computer mapping tasks drawn from the WAW? curricu-
lum described earlier. One task was drawn from the activity called Are We There Yet? 
In this activity, the participant is shown a starting position and facing direction on the 
map, sees on a video inset what would be visible from that position, and is asked to 
use the arrow keys to navigate to a target location. To ease the participant’s introduc-
tion to the software, the navigation task used here was the easiest one available in 
WAW? The second activity was drawn from the WAW? activity called Lost! In this 
activity, participants are dropped into the park in some unknown location (i.e., it is 
not marked on the map), and are asked to discover where they are by traveling around 
the park via arrow clicks that control which video images are seen. We gave partici-
pants two Lost! problems, the first at the easiest level of task difficulty and the second 
at the most difficult. For all three tasks, we recorded whether or not the problem was 
solved (i.e., whether the target location was found or whether the location was cor-
rectly identified), how many seconds and how many arrow clicks the participant used 
within the maximum time allotted (8 minutes for each of the tasks). 

2.3   Spatial Tasks  

During session 1, participants were given paper and pencil tests to measure the three 
spatial skills identified by Linn and Petersen [23]. A paper folding test (PFT) was 
used to assess spatial visualization [27]. This task shows 20 sequences of between two 
and four drawings in which a sheet of paper is folded one or more times and then a 
hole is punched through the layers. Respondents are asked to select which of five 
drawings shows the pattern of holes that would appear if the paper were then com-
pletely unfolded. Scores are the number marked correctly minus one-fourth the num-
ber marked incorrectly within the allowed time (here 2 minutes). The test of spatial 
perception was the water level task (WLT) in which students are given drawings of 
six tipped, straight-sided bottles and asked to draw a line in each to show where the 
water would be if the bottle were about half full [28]. Lines drawn within 5° of hori-
zontal were scored as correct. Finally, mental rotation (MR) was assessed by a modi-
fied version of the Spatial Relations subtest of the Primary Mental Abilities (PMA) 
battery [29]. Respondents are shown 21 simple line figures as models. Each model is 
followed by five similar figures, and respondents are asked to circle any that show the 
model rotated but not flipped over (i.e., not a mirror image). Scores are the number 
correctly circled (2 per row) minus those incorrectly circled (up to 3 per row) within 
the allotted time (here 2 minutes).  
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3   Results 

The data are presented below in five sections. First, we offer descriptive data on the 
performance on the campus mapping task. Second, we address the question of 
whether performance or strategies on the campus mapping task differed as a function 
of map type. Third, we address whether performance on the campus mapping task is 
predicted by participant variables. Fourth, we address the same question for the com-
puter mapping task. Finally, we address the relation between performance on the 
campus and computer mapping tasks. 

3.1   Performance on the Campus Mapping Task 

College students’ performance on the campus mapping task covered the full range, 
with some placing none, and others placing all five stickers correctly, M (SD) = 2.2 
(1.4). An even more telling index of performance variability is evident in Fig. 2 which 
shows the locations of erroneous responses for one target location. It is striking not 
only that many responses are distant from the correct location, but also that many 
responses fail to show the correct kind of location.  

 

Fig. 2. Erroneous sticker placements (40 black circles) for one target location (star). Omitted 
are 12 stickers placed correctly and 17 stickers falling within the area defined by adjacent 
buildings (striped region). Note that some errors were particularly egregious, as in stickers 
placed in open fields or parking lots. 
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3.2   Campus Mapping Task and Map Variables  

Accuracy of Sticker Placements. As explained initially, this research was also de-
signed to examine whether task performance would vary with map qualities of shape 
and viewing angle. To examine this question, the total number correct served as the 
dependent variable in a two-way analysis of variance (ANOVA) in which between-
subjects factors were map shape and map angle. Neither main effect nor their interac-
tion was significant. Means (SDs) for round versus square, respectively, were 2.2 
(1.3) versus 2.3 (1.5); for plan versus oblique, 2.1 (1.4) versus 2.4 (1.4).  

 
Speed of Sticker Placements. As a second means of examining the possible impact 
of map variables on performance on the campus mapping task, we analyzed the time 
participants took to place the arrows on the map. A two-way ANOVA showed a sig-
nificant interaction between map shape and viewing angle, F(1,65)=6.98, p = .010, 
subsuming a main effect of viewing angle, F(1,65)=7.52, p = .008.  Specifically, 
when the map was square, average response times were significantly longer on the 
plan than the oblique map, Ms (SDs) in seconds, respectively: 38.7 (21.7) versus 19.1 
(9.3), whereas when map shape was round, response times did not differ significantly 
for the plan and oblique maps, 27.7 (11.5) versus 27.74 (14.6). (If all four map types 
are entered as four levels of a map-type factor, the average response time was signifi-
cantly longer for the square plan map than for any other map type among which there 
were no significant differences.) This pattern holds within individual items and irre-
spective of accuracy. That is, the reaction times for the square plan map are consis-
tently longer both among individuals who responded correctly and among those who 
responded incorrectly on a particular item. 

 
Map Turning. A third dependent measure examined in relation to map type was use 
of a map-turning strategy. For this analysis, the dependent measure was the number of 
locations (0-5) at which participants turned the map rather than leaving it in the orien-
tation in which they received it from the experimenter. A few participants never 
turned the map or turned it only once (n=4); on average, the map was turned on 3.9 
(1.3) items. An ANOVA on the number of turns revealed neither main effects nor 
interactions with respect to map shape or viewing angle. Means (SDs) for round ver-
sus square, respectively were 3.9 (1.2) versus 4.0 (1.4); for plan versus oblique, 4.1 
(1.2) versus 3.8 (1.4).   

 
Map Orientation. The final behavior examined with respect to map type was how the 
participant held the map (with respect to the participant’s own body) while placing the 
sticker. Based on the sides of the square map, we defined as canonical the position shown 
in Fig. 2 or its 90°, 180°, or 270° rotation. A 2 (map shape) x 2 (map angle) ANOVA on 
the number of canonical orientations (0-5) revealed a significant main effect of map shape, 
F(1,65)=5.35, p=.024. More canonical orientations were used by participants with square 
than with circular maps, Ms (SDs), respectively, 4.0 (1.0) versus 3.3 (1.4). 

3.3   Campus Mapping Task and Participant Variables 

To provide descriptive data on the association between performance on the campus 
mapping task and participant qualities, we first computed the correlation between the 
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number of stickers placed correctly on the campus mapping task and scores on each 
of the three paper and pencil spatial tests. Correlations of sticker accuracy with mental 
rotation (MR), spatial visualization (PFT), and spatial perception (WLT), respec-
tively, were r(67) = .048, p = .357; r(67) = .321, p = .004; and r(67) = .219, p = .038 
(here and below, one-tailed tests were used given directional hypotheses). These cor-
relations reflect data from all participants in session 1, irrespective of whether they 
were available for session 2. (An identical pattern of results holds if analyses are lim-
ited to the 43 participants who took part in both sessions.) As anticipated, perform-
ance on the three spatial measures was also correlated: MR with PFT, r(69) = .425, p 
< .001; MR with WLT, r(68) = .410, p < .001, and PFT with WLT, r(68) = .253, p = 
.019. (Again, identical patterns hold with the smaller sample as well.)  

The number of correct sticker placements was then used as the criterion variable 
for a regression analysis of the campus mapping task. A stepwise regression was per-
formed with the three spatial tests entered on the first step. We entered participant sex 
on the second step to determine if there were any effects of sex above and beyond 
those that could be attributed to possible spatial skill differences. Finally, on step 
three we entered the strategy variable of the number of locations at which the partici-
pant turned the map. 

At the first level of the model, all three predictors together accounted for 15% of the 
variance, R2 = .15, F(3, 66) = 3.61, p = .018.  Within this multiple regression, however, 
only PFT predicted success (standardized β = .34, p = .010). At the second level of the 
model, participant sex did not significantly increase the prediction, p-change = .56,  
although PFT remained a significant predictor (standardized β = .34, p = .010) and the 
overall model remained significant, R2 = .15, F(4, 66) = 2.76, p = .035. Finally, at the 
third level of the model, the map-turning strategy significantly improved the prediction, 
R2-change = .108, p-change = .004 (standardized β = .35, p = .004), and PFT remained a 
significant predictor (standardized β = .27, p = .033). The final overall model was  
R2 = .25, F(5, 66) = 6.59, p = .002.  

3.4   Computer Mapping Task and Participant Qualities 

A composite measure of participants’ performance on the computer mapping tasks 
was created by summing the number of WAW? tasks that were completed correctly 
within the allotted amount of time. (Similar patterns of results were obtained with 
time or the number of arrow clicks measures instead.) As in the campus mapping task, 
we first computed the correlation between performance on the computer mapping task 
with each of the three paper and pencil spatial tests. Correlations with mental rotation 
(MR), spatial visualization (PFT), and spatial perception (WLT), respectively, were 
r(43) = .495, p < .001; r(43) = .317, p = .019; and r(43) = -.009, p = .478. These cor-
relations necessarily reflect data from only those who participated in both session 1 
and 2 (when WAW? data were collected).  

The composite WAW? measure served as the outcome variable for a regression 
parallel to the one described above, that is, with the spatial tests entered on step 1 and 
participant sex on step 2 (although the map-turning strategy was not entered on step 3 
because there was no corresponding opportunity for map rotation on the computer 
mapping task). As was true in the regression analysis of the campus mapping task, 
there was a significant effect of spatial measures at step 1, R2 = .30, F(3, 42) = 5.44,  
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p = .003, but again, participant sex at step 2 did not add significantly to the model 
after spatial scores had been entered (p-change = .603). However, unlike the prior 
regression, in this analysis it was MR (standardized β = .52, p = .003) rather than PFT 
(standardized β = .12, p = .475) that predicted mapping performance on the computer 
task. 

3.5   Relating Performance on Campus and Computer Mapping Tasks 

An additional goal of this research was to explore the possibility that the computer 
mapping tasks drawn from WAW? might be a viable substitute for measuring success 
on mapping tasks in the real, life-size environment. To evaluate this possibility, we 
computed correlations between scores on the two tasks. Irrespective of which depend-
ent measure is used for the WAW? tasks (number completed, time in seconds, or 
number of arrow clicks), there was no significant relation between scores on the cam-
pus and computer tasks. The highest correlation was between the number of correctly 
placed stickers on the campus mapping task and the number of correctly completed 
WAW? tasks, and it was not marginally significant even with a one-tailed test, r(43) = 
.121, p = .22. Furthermore, what little trend toward an association there was disap-
pears entirely by statistically controlling for scores on the spatial tasks: partial r(39) = 
.005, p = .487.  

As an additional means of examining the distinctions or comparability of the two 
mapping tasks, we compared the patterns of association between success on each 
mapping task and the success on the paper and pencil spatial tasks. As is evident from 
the findings described for each of the two mapping tasks taken individually, the re-
gression analyses showed different patterns for the campus and computer mapping 
tasks. Particularly striking was the finding that MR score predicted performance on 
the computer mapping task, but not performance on the campus mapping task. To 
provide data bearing on the question of whether the associations differ in the two 
tasks, we compared the sizes of the correlations between MR score and performance 
on campus versus computer tasks. These correlations differed significantly, 
t(40)=1.73, p <.05. Neither of the other correlations (PFT or WLT) differed signifi-
cantly between the two mapping tasks.  

4   Discussion 

We begin our discussion by commenting on what the empirical data suggest about 
how well adults can mark a map to show their location in a real, relatively newly en-
countered campus environment, addressing the question of whether performance dif-
fers in relation to the two manipulated map characteristics (viewing angle and map 
shape). In the course of doing so, we comment on the appearance and distribution of 
the map-related behaviors observed during the campus mapping task. We then discuss 
findings from the regression analyses concerning which individual difference vari-
ables predict performance on the campus mapping task and performance on the com-
puter mapping task. Finally, we discuss implications of data concerning the relation 
between performance on the two mapping tasks.   
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4.1   Performance and Strategies on the Campus Mapping Task and Their 
Relation to Map Characteristics  

The data from the campus mapping task offer a compelling demonstration that many 
adults are challenged by the request to show their location on a map. The fact that 
some participants were right at every one of the locations establishes that the task was 
a solvable one. The fact that some participants were wrong at every one of the loca-
tions establishes that the task was not a trivial one. Furthermore, egregious errors (see 
Fig. 2) suggest that some adults’ map-interpretation skills are particularly poor. Al-
though it is perhaps not surprising to see errors like these among preschool and ele-
mentary school children [20,30], it is surprising to see them among adults. Based on 
participants’ comments and affective demeanor during testing, we have every reason 
to believe that all were engaged by the task, and all were trying their best.  

In addition to providing information on absolute levels of performance, the campus 
mapping task was of interest as an avenue for testing the possible impact of the map 
characteristics of map shape and viewing angle. One reason that we thought that map 
characteristics might lead to different behaviors and different levels of accuracy was 
because the different map characteristics might be differentially conducive to partici-
pants’ aligning the map with the space, and research with both adults and children had 
shown better performance with aligned than unaligned maps [16,31,32]. The current 
data, however, provided no evidence that map shape affected accuracy on the location 
tasks nor that it affected the number of items on which participants turned the map. 
This was true even if we limited the comparison to the plan maps which – unlike the 
oblique maps – did not imply a particular vantage point. 

We had also hypothesized that oblique maps – in comparison to plan maps – might 
elicit better performance insofar as they were more consonant with an embodied view, 
that is, one more similar to that encountered by humans as they navigate through the 
environment [19] and given that past research had shown advantages to oblique-
perspective representations for children [20,21]. Again, however, there were no sig-
nificant differences in accuracy or strategies in relation to map angle, either as a main 
effect or in interaction with map shape. 

Although there were no differences in accuracy in relation to map type, partici-
pants were significantly slower on the square plan map than on any other map type. In 
addition, square maps were held in canonical positions in relation to participants’ bod-
ies significantly more often, implying that these maps were less often aligned with the 
environmental space. Perhaps the extra time taken for the square plan maps reflects 
additional time needed for mental rotation with unaligned maps. That the oblique ver-
sion did not require additional time suggests that participants may (like children) find 
it easier to work with the oblique map, despite the fact that in most orientations, its 
vantage point differs from the one experienced in the actual environment. The data do 
not yet permit definitive conclusions about process, but they do permit the conclusion 
that additional research on the effects of map characteristics is worthwhile.  

4.2   Predictors of Success on Campus and Computer Mapping Tasks  

As expected, the regression analyses showed that spatial skills significantly predicted 
performance on both the campus mapping task and the computer mapping task. Sex 
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added no additional prediction in either task. Interestingly, the specific spatial skills 
that predicted performance differed on the two tasks. For the campus mapping task, it 
was the score on the paper folding task that was the significant predictor. Mental rota-
tion scores added nothing further to the prediction. The reverse held in the computer 
mapping task. For this task, it was the score on the mental rotation task that predicted 
task success, and other spatial scores did not add significantly to the prediction. 

In the taxonomy offered by Linn and Petersen [23], the paper folding task falls 
within the skill category labeled spatial visualization which they describe as covering 
tasks that involve multiple steps, using visual or verbal strategies, or both. It is possi-
ble to think of the campus mapping task as one for which varied approaches would 
indeed be viable. For example, someone might focus on landmark buildings, someone 
else might focus on the geometric qualities of the streets, someone else might try to 
figure out the direction walked from some earlier identified spot, some might try to 
align the map and the space, and so on. In other words, this outdoor task – much like 
normal map-based navigation – gives the map-user considerable freedom in structur-
ing the task.  

That mental rotation mattered for performance on the computer mapping task is 
also easily understood because in this task – unlike the campus mapping task – par-
ticipants had less control over the visual array and the map. That is, although partici-
pants controlled which video clip they saw (by selecting which of three arrows they 
clicked at every choice point), they had no control of what was seen within the result-
ing video clip that was played. That is, once a video clip had been selected by an ar-
row click, participants saw whatever part of the park was recorded by the camera – at 
the camera’s height, at the camera’s angle, at the camera’s azimuth, and at the cam-
era’s speed of rotation or translation. Furthermore, participants had no control over 
the orientation of the map: the map of the videotaped park was always in a fixed posi-
tion, and thus, usually out of alignment with the depicted vista. It is thus not surpris-
ing that under these conditions, an ability to handle mental rotation was significantly 
associated with performance.  

An additional finding from the regression analysis on the campus mapping task 
lends further support to the hypothesized importance of participants’ own actions for 
success on the task. Specifically, as reported earlier, participants’ use of the map-
turning strategy added significant prediction to the score on the campus mapping task 
even after spatial skills had been entered into the regression model. Aligning a map 
with the referent space is an epistemic action, defined by Kirsch and Maglio as an 
action in which an agent manipulates objects in the environment with the goal of ac-
quiring information [33]. As explicated by Kirsch and Maglio for the case of expert 
Tetris players, epistemic actions serve the user by revealing otherwise inaccessible 
information or by decreasing the cognitive load required to gain information. For ex-
ample, it is more time-efficient for Tetris players to rotate a polygon on the screen and 
visually compare its shape with a candidate nesting place than to do the rotation and 
comparison mentally. In our work, we have observed epistemic actions in a task in 
which adults visited eight outcrops in a field site, and were asked to select which of 
14 scale models best depicts the underlying geological structure [34]. As they strug-
gled to select the correct model, some participants rotated candidate models into 
alignment with a map of the area, rotated candidate models into alignment with the 
full-scale geological structure, placed two candidate models side by side to facilitate 
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comparison, and pushed rejected models out of the field of view. Like rotating a Tet-
ris shape or rotating a scale model of a geological structure, rotating a map into 
alignment with the referent space decreases the cognitive load required to solve the 
task at hand by substituting direct perception for mental rotation and mental compari-
son. Use of epistemic actions requires that the agent foresees, before the action is 
taken, that the action will have epistemic value; such tactical foresight is separate 
from the spatial skills measured by the paper and pencil tasks, in which the actions are 
prescribed by the experimenter. 

4.3   Computer Screens Are Not Real Environments  

The regression findings just discussed provide one line of evidence that the computer 
mapping task cannot be used as a substitute for the campus mapping task for studying 
spatial cognition. That is, the finding that different spatial skills predict performance 
on each of the two mapping tasks implies that the two tasks differ in important ways. 
This conclusion is bolstered by two other findings, first, that there is a significant dif-
ference in the size of the correlation between MR and performance on the campus 
mapping task versus the computer mapping task, and second, that the correlation be-
tween scores on the two mapping tasks is not significant. Taken together, these data 
imply that it is important to continue to conduct mapping research – as well as map 
skill education – in real, life-size environments.  

5   Conclusions 

The data from the present research bear upon adults’ success in using one of the most 
common kinds of spatial representations of large environments – maps – as they ob-
serve the environment directly in the field or via another representational medium. 
Our data show dramatic variability with respect to how well cognitively intact adults 
(all of whom met the intellectual criteria needed for university admission) succeed in 
indicating their locations on a map. Although some participants showed outstanding 
performance, others made serious errors reminiscent of those made by young children 
[20,32,35].  

Our data also bear on questions about research in different kinds of spatial environ-
ments. The finding that different spatial skills predicted success on the campus versus 
computer mapping tasks coupled with the finding that participants’ scores on the two 
mapping tasks were not significantly correlated, lead to the conclusion that it is unwise 
to substitute one task for the other. From the pragmatic perspective of conducting be-
havioral research in environmental cognition, this conclusion is perhaps disheartening. It 
would ease research significantly if the answer were otherwise. From the perspective of 
theoretical work on spatial cognition, however, the finding is more intriguing than dis-
heartening. The current findings contribute evidence to the growing conclusion that the 
skills entailed in solving spatial problems in object or vista spaces do not entirely over-
lap with skills entailed in solving spatial problems in environmental spaces. Past re-
searchers have shown the importance of testing in real environments even for indoor, 
built spaces (corridors and rooms) that are highly defined, homogeneous, and rectilinear 
[18]. Our findings add to the evidence for the importance of testing in larger, more  



 Locating Oneself on a Map in Relation to Person Qualities and Map Characteristics 185 

 

varied, less clearly defined outdoor environments as well [36]. Outdoor environments 
provide potential clues (e.g., a nearby building, a distant skyscraper, a river, the position 
of the sun). But they also present potential challenges including barriers (that may ob-
struct otherwise useful landmarks), an absence of clear boundaries to define the borders 
of the space (in contrast to the walls of a room), and vistas that may appear homoge-
nous to the untrained eye (e.g., desert vistas, dense forests, or acres of wheat fields as 
far as the eye can see). A full understanding of human spatial cognition will thus re-
quire studying how people identify and use information that is available within a di-
verse range of environments. 

Likewise, the findings from the research described here bear on the role of map 
characteristics. Although our data do not yet permit firm conclusions about the way 
that map qualities interact with environmental and person qualities, they do provide 
strong support for the importance of systematically varying map qualities as we con-
tinue to explore the fascinating territory of spatial cognition. 

 
Acknowledgments. Portions of this work were supported by National Science Foun-
dation (NSF) grants to Liben (RED95-54504; ESI 01-01758) and to Kastens (ESI-96-
17852; ESI 01-011086), although no endorsement by NSF is implied. We acknowl-
edge with thanks the contributions of past and current members of the Penn State 
Cognitive & Social Development Lab, particularly Lisa Stevenson and Kelly Garner 
who contributed in so many ways to this project. 

References 

1. Liben, L.S.: Environmental cognition through direct and representational experiences: A 
life-span perspective. In: Gärling, T., Evans, G.W. (eds.) Environment, cognition, and ac-
tion, pp. 245–276. Oxford, New York (1991) 

2. Downs, R.M., Liben, L.S.: Mediating the environment: Communicating, appropriating, 
and developing graphic representations of place. In: Wozniak, R.H., Fischer, K. (eds.) De-
velopment in context: Acting and thinking in specific environments, pp. 155–181. Erl-
baum, Hillsdale (1993) 

3. Harley, J.B., Woodward, D. (eds.): The history of cartography: Cartography in prehistoric, 
ancient and Medieval Europe and the Mediterranean, vol. 1. University of Chicago Press, 
Chicago (1987) 

4. Stea, D., Blaut, J.M., Stephens, J.: Mapping as a cultural universal. In: Portugali, J. (ed.) 
The construction of cognitive maps, pp. 345–360. Kluwer Academic Publishers, The 
Netherlands (1996) 

5. Uttal, D.H.: Seeing the big picture: Map use and the development of spatial cognition. 
Dev. Sci. 3, 247–264 (2000) 

6. MacEachren, A.M.: How maps work. Guilford, New York (1995) 
7. Muehrcke, P., Muehrcke, J.O.: Map use: Reading, analysis, and interpretation, 4th edn. JP 

Publications, Madison (1998) 
8. Davies, C., Uttal, D.H.: Map use and the development of spatial cognition. In: Plumert, 

J.M., Spencer, J.P. (eds.) The emerging spatial mind, pp. 219–247. Oxford, New York 
(2007) 

9. Liben, L.S.: Education for spatial thinking. In: Damon, W., Lerner, R.(series eds.) Ren-
ninger, K.A., Sigel, I.E. (vol. eds.) Handbook of child psychology: Child psychology in 
practice, 6th edn., vol. 4, pp. 197–247. Wiley, Hoboken (2006) 



186 L.S. Liben, L.J. Myers, and K.A. Kastens 

 

10. National Research Council: Learning to think spatially: GIS as a support system in the K-
12 curriculum. National Academy Press, Washington (2006) 

11. Evans, G.W.: Environmental cognition. Psy. Bull. 988, 259–287 (1980) 
12. Gärling, T., Golledge, R.G.: Environmental perception and cognition. In: Zube, E.H., 

Moore, G.T. (eds.) Advances in environment, behavior and design, pp. 203–236. Plenum 
Press, New York (1987) 

13. Kitchin, R., Blades, M.: The cognition of geographic space. L.B. Taurus, London (2002) 
14. Montello, D.R.: Scale and multiple psychologies of space. In: Campari, I., Frank, A.U. 

(eds.) COSIT 1993. LNCS, vol. 716, pp. 312–321. Springer, Heidelberg (1993) 
15. Montello, D.R., Golledge, R.G.: Scale and detail in the cognition of geographic informa-

tion. Report of the specialist meeting of Project Varenius, Santa Barbara, CA, May 14-16, 
1998. University of California Press, Santa Barbara (1999) 

16. Levine, M., Marchon, I., Hanley, G.: The placement and misplacement of You-Are-Here 
maps. Env. and Beh. 16, 139–158 (1984) 

17. Johnson, M.L.: The meaning of the body. In: Overton, W.F., Mueller, U., Newman, J.L. 
(eds.) Body in mind, mind in body: Developmental perspectives on embodiment and con-
sciousness, pp. 191–224. Erlbaum, New York (2008) 

18. Hegarty, M., Montello, D.R., Richardson, A.E., Ishikawa, T., Lovelace, K.: Spatial abili-
ties at different scales: Individual differences in aptitude-test performance and spatial-
layout learning. Intelligence 34, 151–176 (2006) 

19. Liben, L.S.: The role of action in understanding and using environmental place representa-
tions. In: Rieser, J., Lockman, J., Nelson, C. (eds.) The Minnesota symposium on child de-
velopment, pp. 323–361. Erlbaum, Mahwah (2005) 

20. Liben, L.S., Yekel, C.A.: Preschoolers’ understanding of plan and oblique maps: The role 
of geometric and representational correspondence. Child Dev. 67, 2780–2796 (1996) 

21. Plester, B., Richards, J., Blades, M., Spencer, C.: J. Env. Psy. 22, 29–47 (2002) 
22. Allen, G.L., Kirasic, K.C., Dobson, S.H., Long, R.G., Beck, S.: Predicting environmental 

learning from spatial abilities: An indirect route. Intelligence 22, 327–355 (1996) 
23. Linn, M.C., Petersen, A.C.: Emergence and characterization of sex differences in spatial 

ability: A meta-analysis. Child Dev. 56, 1479–1498 (1985) 
24. Halpern, D.F.: Sex differences in cognitive abilities, 3rd edn. Erlbaum, Mahwah (2000) 
25. Lawton, C.A., Morrin, K.A.: Gender differences in pointing accuracy in computer-

simulated 3D mazes. Sex Roles 40, 73–92 (1999) 
26. Kastens, K.A.: Where Are We? Tom Snyder Productions, Watertown, MA (2000) 
27. Ekstrom, R.B., French, J.W., Harman, H.H.: Manual for kit of factor-referenced cognitive 

tests. Educational Testing Service, Princeton (1976) 
28. Liben, L.S., Golbeck, S.L.: Sex differences in performance on Piagetian spatial tasks: Dif-

ferences in competence or performance? Child Dev. 51, 594–597 (1980) 
29. Thurstone, T.G.: Primary mental abilities for grades 9-12. Science Research Associates, 

Chicago (1962) 
30. Kastens, K.A., Liben, L.S.: Eliciting self-explanations improves children’s performance on 

a field-based map skills task. Cog. and Instr. 25, 45–74 (2007) 
31. Bluestein, N., Acredolo, L.: Developmental changes in map-reading skills. Child Dev. 50, 

691–697 (1979) 
32. Liben, L.S., Downs, R.M.: Understanding person-space-map relations: Cartographic and 

developmental perspectives. Dev. Psy. 29, 739–752 (1993) 
33. Kirsch, J.G., Maglio., P.: On distinguishing epistemic from pragmatic action. Cog. Sci. 18, 

513–549 (1994) 



 Locating Oneself on a Map in Relation to Person Qualities and Map Characteristics 187 

 

34. Kastens, K.A., Liben, L.S., Agrawal, S.: Epistemic actions in science education. In: Fre-
ska, C., Newcombe, N.S., Gärdenfors, P. (eds.) Spatial cognition VI. Springer, Heidelberg 
(in press) 

35. Liben, L.S., Kastens, K.A., Stevenson, L.M.: Real-world knowledge through real-world 
maps: A developmental guide for navigating the educational terrain. Dev. Rev. 22, 267–
322 (2002) 

36. Pick, H.L., Heinrichs, M.R., Montello, D.R., Smith, K., Sullivan, C.N., Thompson, W.B.: 
Topographic map reading. In: Hancock, P.A., Flach, J., Caird, J.K., Vicente, K. (eds.) Lo-
cal applications of the ecological approach to human-machine systems, vol. 2, pp. 255–
285. Erlbaum, Hillsdale (1995) 


	Locating Oneself on a Map in Relation to Person Qualities and Map Characteristics
	Introduction
	Finding Oneself on a Map
	Map Qualities
	Spatial Skills and the Campus Mapping Task
	Simulating Environmental Mapping
	Summary

	Method
	Campus Mapping Task
	Computer Mapping Tasks
	Spatial Tasks

	Results
	Performance on the Campus Mapping Task
	Campus Mapping Task and Map Variables
	Campus Mapping Task and Participant Variables
	Computer Mapping Task and Participant Qualities
	Relating Performance on Campus and Computer Mapping Tasks

	Discussion
	Performance and Strategies on the Campus Mapping Task and Their Relation to Map Characteristics
	Predictors of Success on Campus and Computer Mapping Tasks
	Computer Screens Are Not Real Environments

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




