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Abstract 
 
This paper describes part of the results of a pilot study investigating how adolescents make, share and negotiate 
meaning with their peers about their local environments.  Specifically, the results presented in this paper focus 
on how adolescents perceive and interpret spatial and three-dimensional data presented in various formats, such 
as in terms of virtually-rendered objects, photo-realistic panoramas, and traditional maps. 
 

Participants were required to undertake both a pre- and a post-test, which were identical in task.  These 
tests involved having the participants match a series of computer-rendered three-dimensional objects with 
similar objects rendered from the same perspective, as well as to deduce the axis of rotation and viewing 
perspective of a QuickTime VR cylindrical panorama when presented with a map of the same area (the pre- 
and post-tests were separated by an intervention activity which will be described but not analysed in depth in 
this paper, as the activity itself has been documented in other publications by the author). 
 

Performance data obtained from the pre- and post-test results will be presented and analysed, to 
establish the extent to which classroom practice in geography lessons might be improved to enhance students’ 
performance in map reading and interpretation. 
 
INTRODUCTION 
 
This study was primarily about spatial intelligence, and the extent to which it might be enhanced and improved 
amongst adolescents.  One motivation for designing and carrying out this study has been the author’s own 
experience as a geography teacher, which has helped him to appreciate that spatial relationships and 
representations which expert geographers often take for granted, can often be difficult for novices in the 
discipline to grasp.  For example, map skills have always been an integral part of the discipline in which 
examination candidates are formally assessed.  A challenge for all geography teachers, regardless of 
experience, has been to help students form in their minds a three-dimensional understanding of a given place, 
using only the information from a two-dimensional topographic map.   
 

Over the decades, geography teachers have imaginatively devised all manner of tools to help their 
students bridge this dimensional gap, from the use of terrain models, to, more recently, landscape-rendering 
software.  The latter are expensive to procure – it is hoped that one of the contributions that this particular study 
might make to the teaching of geography is that spatial intelligence might be improved through the relatively 
simple strategy of fieldtrips which focus specifically on developing students’ powers of observation, mediated 
with social constructions and reconstructions of their evolving understandings of local environments. 
 
THEORETICAL FOUNDATION & KEY DEFINITIONS 
 
Distributed intelligence & social constructivism 
 
One of the primary theoretical constructs underpinning this study is Pea’s idea of ‘distributed intelligence’ 
(described in Perkins (1992)).  To quote Perkins, 
 

people think and remember with the help of all sorts of physical aids, and we commonly construct new 
physical aids to help ourselves yet more.  People think and remember socially, through interaction 
with other people, sharing information and perspectives and developing ideas … People sustain 
thinking through socially shared symbol systems – speech, writing, the technical argot of specialties, 
diagrams, scientific notations, and so on. (p. 133) 

 Perkins develops the idea further by elaborating on three ways in which intelligence can be 
distributed; namely physically (describing the gamut of student output from completion of traditional problem 



sets, to journals and portfolios, to simple programming and desktop publishing), socially (co-operative 
learning), and symbolically (for example, through diagrams & charts, concept maps, and role-play).   
 
 The germ of these insights was planted in Vygotsky’s cultural-historical theory of activity, first 
formulated in the 1920s, in which the relationships between human agents and objects in their environment are 
mediated by culture, tools and symbols. 
 

These same notions of “culture, tools and symbols” are implicit in Dewey’s work in 1938, when he 
talked about the principle of interaction between the learner’s personal and social worlds.  Dewey was one of 
the first to elucidate that it was through this very interaction that ideas are communicated and meaning is 
constructed and shared. Vygotsky, Dewey and Perkins were remarkably prescient, considering that they had 
developed their ideas before the widespread adoption of the worldwide web as a medium of information 
exchange and collaboration (let alone more contemporary technological developments such as the mobile 
internet).   

 
Perkins’s contemporary at Harvard – Putnam (1993) – brings to the present discussion the term ‘social 

capital’.  This refers to social networks which go beyond traditional familial ties and connect friends and 
strangers for mutual benefit.  Social capital is therefore the basis of collaborative behaviour. 

 
The basic unit of social capital is information, defined by Boeck (in press) as “material which is 

selected by individuals to be transformed by them into knowledge to solve a problem in the specific social 
domains to which they belong”.  In the study, the ‘problems’ in which the students found themselves are 
described through what Johnson and Johnson (1979) term ‘Structured Academic Controversies’.  
 
The Structured Academic Controversy 
 
Defined as the “deliberate stimulation of intellectual conflict by creating a highly structured situation wherein 
one student’s ideas, information, conclusions, theories, and opinions are incompatible with those of another, 
and the two seek to reach an agreement by engaging in Aristotlean ‘deliberate discourse’” (Johnson, Johnson 
and Smith (1997)), such Academic Controversies permit investigations of the social distribution of intelligence, 
by building on traditional models of debate and encouraging participants to reach shared consensual values.  
 

Such investigations exemplify Habermas’s (1981) concept of ‘communicative action’ – defined as ‘the 
use of language with an orientation to reaching understanding.  Defined thus, Myerson (2001) explains that 
communicative action is shared action – such ‘small-group engagement’ is the ‘process by which people come 
to an understanding about something’. 

 
The study sought to apply the principles behind the design of Structured Academic Controversies to 

learning environments in which the protagonists were not necessarily co-located. 
 
Cognitive mapping & Frames of Reference 
 
Part of the orienteering task in the study required students to successfully transpose orientations of their 
physical selves in three-dimensional space to two-dimensional pictorial representations thereof.  This so-called 
cognitive mapping, defined by Peuquet (1998) as “the cognitive representation of geographical-scale space, 
from the immediate space of one’s own neighbourhood, to very large and complex spatial entities such as 
towns and cities”, means that “the traveler must necessarily build a cognitive map of the environment by 
integrating observations over extended periods of time, inferring spatial structure from perceptions” (Kuipers 
and Levit, 1990). 
 

In doing so, the traveler is navigating and constructing his own naïve geography, defined as “the body 
of knowledge that people have about the surrounding geographic world” (Egenhofer and Mark, 1995).  It is 
generally agreed that cognitive maps are not founded upon the metric Euclidean geometry of traditional maps 
(Kuipers, 1982). 

 
Indeed Bidwell (2004) describes at least three Frames of Reference (defined as a co-ordinate system 

which spatially relates objects and their components) – cognitive maps demand that the individual employ 
mainly Egocentric (viewer-centric origins and axes) and Allocentric (origins and axes are anchored to 
prominent reference objects such as buildings) Frames of Reference.  Iachini and Logie (2003) go one step 
further and postulate that in physical, rather than laboratory, environments, Egocentric Frames of Reference are 



employed more than their Allocentric counterparts.  In contrast, navigating using Euclidean properties (such as 
distance walked) is referred to as using Extrinsic Frames of Reference (for example, North).  While the 
language of these latter maps is familiar, and includes elements such as the scale and legend, cognitive maps 
require a new syntax to describe (Jiang, 1998).   

 
One such element is the axial line, which is essentially a line of sight and a proxy for intervisibility.  A 

set of axial lines around a person represents the viewable space, sometimes termed the vista space.  In turn, a 
set of vista spaces eventually forms the entire urban environment in which the individual finds himself. The 
task of determining how to traverse one’s vista space is known as wayfinding.  

 
According to Jul (2001), wayfinding can be modeled as a “problem-solving and decision-making 

activity, in which participants determine a sequence of actions which will lead to a desired goal, including 
discovering what options are available and deciding among them”.  These options of wayfinding are 
“sequences of locomotional steps” believed to lead from the present location to the intended destination.  In 
cases when the intended destination is beyond the individual’s immediate vista space, then the sequences of 
steps are subdivided into a set of intermediate locations.  The order of traversing these intermediate locations is 
known as the route.  

 
Vista spaces are punctuated by landmarks, which vary from person to person. Such landmarks are not 

necessarily the largest or most prominent structures in the vista space, instead they are that which reside in the 
individual’s memory, and therefore that which the individual finds most meaningful.  Tulving (1972) makes a 
distinction between episodic and semantic memory.  The former is the kind of memory which receives and 
stores information about specific events.  The latter is the organized knowledge a person possesses about 
concepts and their interrelationships.  The two are not entirely discrete.  Learning involves associating events 
with concepts in semantic memory as examples.  Cognitive maps, consequently, comprise both semantic and 
episodic memory.  

 
PRE- AND POST-TESTS 

The tests comprised: 

• Tests of spatial intelligence developed according to Gaughran’s (1996) sub-factor theory, in which he 
describes a heirarchy of so-called spatial factors, progressing from image holding and comparing, to 
planar rotation, to orientation, to kinetic imagery and finally to dynamic imagery.  Specifically, the 
orientation test was used, which required subjects to match pairs of objects rendered in three-
dimensions according to their angular rotation.  For example, in Figure 1 below, students were 
required to say which of the pairs, A, B, or C, represented a rotation which matched that of the 
leftmost pair. 

 



 

Figure 1.  Example of rendered objects section of the pre-/post-tests. 

Students were given a minute each to complete five such matching exercises, after a personalised one-
to-one briefing and demonstration with the researcher.  Students’ performances were recorded in terms 
of the time taken for each exercise, as well as for the accuracy of matching. 

• The orientation of a QuickTime VR panoramic scene to match, within five minutes (and again after a 
personalised demonstration), a 1:10000 map of the same area – students were scored by the time 
taken, the accuracy of the orientation and the accuracy of their location on the map of the axis of 
panoramic rotation. 



 

Figure 2.  Example of panorama section of the pre-/post-tests. 

This test was designed to be the conceptual obverse of the preceding test on matching three-
dimensionally rendered objects – instead of the requiring the viewer to change his virtual position 
around a given object, this test presented the viewer at the axis of rotation of a photographic-quality 
panorama of an actual scene.  The scenes were all photographed in Singapore, and depicted a variety 
of urban and suburban landscapes. 

 
BRIEF DESCRIPTION OF INTERVENTION 
 
The study explored how mobile phones could be used as tools for collaborative learning around two 
geographical tasks designed to give insights into how adolescents perceive their local environment. 
 

The first task required pairs of students to help their peers navigate unfamiliar environments, using 
only text- and picture-messaging.  Through an analysis of which aspects of these environments students found 
meaningful, teachers would have been in a better position to translate geographical concepts from the textbooks 
into terms and metaphors to which adolescents could more easily relate. 

 
In the second task, teams of students explored a bounded area, looking for pieces of evidence which 

they could use to support non-congruent points-of-view.  They recorded these pieces of evidence pictorially, 
using the phones, and exchanged these pictures in real time while still in the field, physically separated from 
each other. Students used the evidence to explore given geographical issues regarding the bounded area, in the 
format of a Structured Academic Controversy.  By analyzing the pictorial exchange, teachers would better 
understand which particular aspects of their local environments adolescents perceived to be relevant to the 
given geographic themes.   
 
RESULTS AND DISCUSSION 
 
The pilot study was conducted in Yishun Town Secondary School.  A total of thirty-nine students (twenty-five 
females and fourteen males) were involved.  The pilot was conducted between January and March 2004, at five 
different neighbourhoods in Singapore, namely Holland Village, Little India, Singapore Expo, Sembawang 
Hills and Little Guilin. 



 
 Table 1 presents the time taken to match the five pairs, both by the performance in the pre- and post-
tests, as well as by gender. 
 
Table 1 – Time taken (in seconds) to match rendered objects (max is 300) 
 

 Girls   Boys   
 N Mean Std dev. N Mean Std dev. 

Pre-test 25 165.6 85.76 12 107.0 61.75 
Post-test 25 120.3 68.70 12 84.4 65.66 

 
Paired samples test 

 Paired 
differences 

   t df Sig. (2-tailed) 

 Mean Std. dev. 95% conf interval of the 
difference 

   

   Lower Upper    
Girls 45.360 70.692 16.180 74.540 3.208 24 0.004 
Boys 22.583 51.084 -9.874 55.040 1.531 11 0.154 

 
It can be seen from the above table that while there was an improvement in the mean times taken for 

this part of the test, between the pre- and post-tests, this improvement was only statistically significant among 
the female students.  The power of this particular test is 0.540.  That is to say, it is likely that the rejection of 
the null hypothesis of no change in duration among female participants between the pre- and post-tests is 
correct.  In fact the effect size for the female students, calculated by Cohen’s d, was 0.529.  This would seem to 
indicate that participation in the intervention had had a moderately strong effect on their performance in this 
part of the test.  Male students performed better in this measure in both the pre- and post-tests.  This difference 
in performance was more significant in the pre-tests (F=5.268, p=0.027), as revealed in Table 6. 

 
Table 2 presents the number of correctly matched pairs, both by the performance in the pre- and post-

tests, as well as by gender. 
 

Table 2 – Number of correctly matched rendered objects (max score is 5) 
 

 Girls   Boys   
 N Mean Std dev. N Mean Std dev. 

Pre-test 25 3.5 1.00 12 4.2 0.72 
Post-test 25 3.8 1.11 12 4.1 1.08 

 
Paired samples test 

 Paired 
differences 

   t df Sig. (2-tailed) 

 Mean Std. dev. 95% conf interval of the 
difference 

   

   Lower Upper    
Girls -0.320 0.900 -0.690 0.050 -1.778 24 0.088 
Boys 0.080 1.165 -0.660 0.820 0.248 11 0.809 

 
 It can be seen from the above table that while there was an improvement in the mean scores for female 
students between the pre- and post-tests, there was no such improvement for male students.  The scores 
obtained by male students were on average higher, for both the pre- and post-tests.  In fact, Table 6 shows that 
the difference in performance between males and females during the pre-test was statistically significant 
(F=5.231, p=0.028). 
 
 The second part of the pre- and post-tests required participants to orientate a QuickTime VR 
panoramic scene to match, within five minutes, a map of the same area.   
 
 Table 3 presents the time taken to match the orientation of the panorama to the map, both by the 
performance in the pre- and post-tests, as well as by gender. 
 



Table 3 – Time taken (in seconds) to orientate VR panorama (max is 300) 
 

 Girls   Boys   
 N Mean Std dev. N Mean Std dev. 

Pre-test 25 258.0 67.23 12 221.1 101.60 
Post-test 25 251.2 69.75 12 205.1 103.92 

 
Paired samples test 

 Paired 
differences 

   t df Sig. (2-tailed) 

 Mean Std. dev. 95% conf interval of the 
difference 

   

   Lower Upper    
Girls 6.800 71.220 -22.598 36.198 0.477 24 0.637 
Boys 16.000 93.038 -43.113 75.113 0.596 11 0.563 

 
 It can be seen from the above table that there was no significant reduction in the time taken for this 
task.  Male students performed better in this measure in both the pre- and post-tests (F=3.155, p=0.084). 
 
 Table 4 presents the angular deviation from the correct orientation of the panorama, both by the 
performance in the pre- and post-tests, as well as by gender. 
 
Table 4 – Deviation (in degrees) from correct orientation of VR (max is 180) 
 

 Girls   Boys   
 N Mean Std dev. N Mean Std dev. 

Pre-test 25 21.6 93.35 12 46.3 79.09 
Post-test 25 27.9 79.41 12 13.3 57.62 

 
Paired samples test 

 Paired 
differences 

   t df Sig. (2-tailed) 

 Mean Std. dev. 95% conf interval of the 
difference 

   

   Lower Upper    
Girls -6.320 116.248 -54.305 41.665 -0.272 24 0.788 
Boys 32.917 101.723 -31.715 97.548 1.121 11 0.286 

 
 It can be seen from the above table that there was no significant improvement in the angular accuracy 
in the orientation of the panorama.  
 

Table 5 presents the distance deviation between the perceived axis of rotation of the panorama against 
the true axis of rotation, both by the performance in the pre- and post-tests, as well as by gender. 

 
Table 5 – Deviation (in metres) from correct axis of rotation of VR 
 

 Girls   Boys   
 N Mean Std dev. N Mean Std dev. 

Pre-test 25 286.2 327.09 12 130.8 159.83 
Post-test 25 154.2 187.21 12 213.3 263.31 

 
Paired samples test 

 Paired 
differences 

   t df Sig. (2-tailed) 

 Mean Std. dev. 95% conf interval of the 
difference 

   

   Lower Upper    
Girls 132.000 404.122 -34.813 298.813 1.633 24 0.115 
Boys -82.500 278.768 -259.621 94.621 -1.025 11 0.327 

 



 It can be seen from the above table that there was no significant improvement in the accuracy in the 
deduction of the true axis of rotation.  Further, while male students had initially been more accurate in their 
estimation of the axis of panoramic rotation during the pre-test (F=3.283, p=0.078), this did not hold for the 
post-test. 
 
 Table 6 presents a one-way analysis of variance analysing the various aspects of pre-test performance 
against the gender of the participants. 
 
Table 6 – One-way ANOVA analysing pre-test performance against gender 

    (between groups) 
 
    Sum of squares df Mean square F Sig. 
Time to 
match objects 

Between 
groups 

31161.126 1 31161.126 5.268 0.027 

  Within groups 218870.617 37 5915.422   
  Total 250031.744 38    
Number of 
correct 
matches 

Between 
groups 

4.326 1 4.326 5.231 0.028 

  Within groups 30.597 37 0.827   
  Total 34.923 38    
Time to 
orientate 
panorama 

Between 
groups 

19670.403 1 19670.403 3.155 0.084 

  Within groups 230708.674 37 6235.370   
  Total 250379.077 38    
Angular 
deviation 

Between 
groups 

2921.555 1 2921.555 0.384 0.539 

  Within groups 281609.214 37 7611.060   
  Total 284530.769 38    
Distance 
deviation 

Between 
groups 

254327.209 1 254327.209 3.283 0.078 

  Within groups 2866049.714 37 77460.803   
  Total 3120376.923 38    
 
 Table 7 presents a one-way analysis of variance analysing the various aspects of post-test performance 
against the gender of the participants. 
 
Table 7 – One-way ANOVA analysing post-test performance against gender 

    (between groups) 
 
   Sum of squares df Mean square F Sig. 
Time to 
match objects 

Between 
groups 

10428.476 1 10428.476 2.271 0.141 

  Within groups 160685.957 35 4591.027   
  Total 171114.432 36    
Number of 
correct 
matches 

Between 
groups 

0.480 1 0.480 0.397 0.533 

  Within groups 42.277 35 1.208   
  Total 42.757 36    
Time to 
orientate 
panorama 

Between 
groups 

17213.994 1 17213.994 2.558 0.119 

  Within groups 235534.277 35 6729.551   
  Total 252748.270 36    
Angular 
deviation 

Between 
groups 

1725.169 1 1725.169 0.321 0.574 

  Within groups 187872.507 35 5367.786   
  Total 189597.676 36    



Distance 
deviation 

Between 
groups 

28352.036 1 28352.036 0.619 0.437 

  Within groups 1603850.667 35 45824.305   
  Total 1632202.703 36    
 
 It can be seen from the above table that the post-tests no longer revealed statistically significant 
differences between genders, unlike the case during the pre-test.  It is reasonable to postulate that taking part in 
the orienteering and perspectives tasks might have helped female students improve their spatial skills in time 
for the post-test. 
 
An analysis of the results from the pre-tests and post-tests reveals the following observations: 

• Among the male students, the pre-test showed a significant correlation between the number of 
accurately matched rendered objects, and the angular accuracy of the panorama-to-map exercise 
(correlation = -0.551, p=0.041, N=14).  This result suggests that among the male students, the 
particular aspect of spatial intelligence which facilitates the mental rotation of three-dimensional 
rendered objects also permits the subject to perform ground-to-map matching with visually-contiguous 
rotations of panoramic scenes. 

 
• For the pre-test, the mean duration for the male students to complete the matching of the five pairs of 

rendered objects was 107 seconds, compared to 166 seconds for the female students.  The respective 
standard deviations were 62 seconds and 17 seconds.  The difference in means was significant – 
F=5.268, p=0.027 (Table 1).  In the post-test, durations fell to 84 seconds and 120 seconds 
respectively (with standard deviations of 66 seconds and 14 seconds respectively). 

 
• Comparing the pre- and post-tests, there was an improvement in the time taken by female students to 

complete the exercise involving the matching of rendered objects – t=3.208, p=0.004 (Table 1).  
Students who successfully completed the orienteering task had initially taken an average of 146 
seconds to complete the matching during the pre-test – this figure was reduced to 111 seconds during 
the post-test – t=1.921, p=0.074.  Similarly, students who were not successful in completing the 
orienteering task had initially taken 147 seconds on average for the pre-test, but for the post-test the 
figure was 107 seconds – t=3.058, p=0.006. 

 
• For the pre-test, the mean number of correctly matched pairs of rendered objects was 4.2 for the male 

students, and 3.5 for the female students.  The respective standard deviations were 0.7 and 1.0.  The 
difference in means was significant – F=5.231, p=0.028 (Table 2).  In the post-test, mean scores were 
4.1 and 3.8 respectively (standard deviation for both genders was 1.1). 

 
• For the pre-test, the mean duration for the male students to complete the panorama-to-map exercise 

was 221 seconds, compared to 258 seconds for the female students.  The respective standard 
deviations were 102 seconds and 67 seconds (Table 3).  In the post-test, mean durations fell to 205 
seconds and 251 seconds respectively (standard deviations were 104 seconds and 70 seconds 
respectively). 

 
• The mean deviation in terms of distance, for the panorama-to-map exercise during the pre-test, 

between the perceived axis of panoramic rotation from the true axis, was 131 metres for the male 
students, and 286 metres for the female students.  The respective standard deviations were 160 metres 
and 327 metres (Table 5).  In the post-test, mean deviations were 213 metres for the male students and 
154 metres for the female students (standard deviations were 263 metres and 187 metres respectively).  
The reversal of performance between the pre- and post-tests for this particular indicator, between the 
genders, is puzzling, especially given that the mean angular deviation between the perceived bearing 
from the true bearing actually fell from 46 degrees to 13 degrees for the male students, and rose from 
22 degrees to 28 degrees between the pre- and post-tests for the female students (Table 4). 

 

CONCLUDING REMARKS 
 
This study has investigated the extent to which interventions can be designed to improve adolescents’ spatial 
intelligence.  An analysis of the data from the pre- and post-test results of the pilot study would seem to 
indicate that this is possible, not only with respect to spatial intelligence as measured by the matching of three-
dimensionally rendered objects, but also with respect to the panorama-to-map exercise (it would be appropriate 



at this juncture to acknowledge that there is a variety of aspects which would constitute spatial intelligence – 
the decision in this design to focus solely on measuring the orientation aspect was deliberate, given that it is 
this aspect which has the closest fit to the skills that students are required to employ when reading a map). 

 
Previous work (for example, Grön et al (2000), and Kasesniemi and Rautiainen (2002)) have pointed 

to differences in how the sexes perceive space and their propensity towards either textual or pictorial 
communication – is a picture really worth a thousand words, and if so, to whom?  Data from the present study 
tends to corroborate the earlier work of others, for example, for both the pre- and post-tests, male students 
scored significantly better in matching the rendered objects.  

 
 Encouragingly, the study does suggest that intermediary (and affordable) forms of three-dimensional 
representation (such as QuickTime VR panoramas) are effective as a bridge between students’ perceptions of 
real-world environments (their naïve geography) and the topographic maps used in the formal geography 
curriculum. 
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