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Abstract: This study aimed to assess the impact of the type of undergraduate stud-
ies and the ability to form mental images on representations of city imagery. A total
of 291 Architecture and Business Studies undergraduates participated in the study.
Participants completed a 5-min task of drawing their own mental map of a city. The
number of point marks, line marks, and area marks drawn and the system of repre-
sentation were assessed. Business Studies undergraduates represented more point
marks using a point than Architecture undergraduates, whereas the latter drew more
point marks in plan and in 3D than the former. The ability to form spatial images had
no influence on the number of point, line, or area marks drawn. Significant differ-
ences between women and men were observed in the 3D representations, and in
the configuration.
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The imagery of a city is a cognitive or mental
map or plan that an individual has of a specific
city, with its monuments, streets, districts, and
so forth. The term was used by the urban
architect Lynch (1960) in his book, The Image
of the City, and is the term preferred by most
architects. Lynch also referred to this concept
as the spatial imagery of a city. Psychologists
prefer to employ the term cognitive map,
which is the term coined by Tolman (1948) in
his studies on spatial orientation in rats.

In this study, the concept of mental imagery
was used as a quasi-perceptual experience that
occurs when all or part of the represented
stimuli are absent (Marks, 1985). Thus, the
imagery of a specific object (e.g., a piece of
fruit) and the imagery of a city are formed on

the basis of experience. Imagery of a city is
formed by either travelling through the city or
studying a map of the city, or both.
Map drawing has become a standard tech-

nique for studying cognitive mapping in adults
ever since the studies of Lynch (1960). The
elements of a map are still classified in accor-
dance with the plan/diagram used by Lynch,
though in some cases these may vary. These
elements are: paths, edges, districts, nodes,
and landmarks. Nodes are strategic points,
intersections where paths normally converge.
Landmarks are visually salient places that are
usually used as points of reference, such as
towers or hills. Paths are the important routes
or lanes of transit that join reference points,
such as main streets or avenues. Edges are the
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boundaries between two places, such as bea-
ches, railway tracks, walls, large avenues, and
rivers. Districts are parts of the city with spe-
cific characteristics, which may be geographic,
social class, or other distinguishing features.

Besides the elements described by Lynch
(1960), the analysis of imagery of a city also
requires measuring its configuration, that is,
the extent to which distances on a map are
true representations of reality. Thus, Evans
and Pezdek (1980) presented the names of
two pairs of places to individuals who were
asked to determine which two places were the
furthest apart; thereafter, the correct answers
and reaction times were measured. Wilton’s
(1979) studies on orientation questioned indi-
viduals on the relative position of pairs of cit-
ies: for example, “Which city is the furthest
north, Madrid or Washington?”

Gender

Several variables have been reported to have
an impact on the cognitive mapping of cities,
such as gender, age, place of work, socioeco-
nomic status, IQ, and the habit of using maps.
Gender and map drawing has been the most
extensively assessed variable, and in general,
differences have been found between women
and men in cognitive mapping. Notwithstand-
ing, these findings may be misleading; that is,
no matter how similar the two tasks may be,
the ability to understand a map or draw one is
different to the ability to navigate and plan a
route on a map successfully in a real setting
(Coluccia & Louse, 2004).

Tests have been extensively used in most of
the studies on gender differences in spatial
ability. A number of meta-analytical studies
(Linn & Petersen, 1985; Voyer, Voyer, & Bry-
den, 1995) on gender differences and spatial
ability have found higher task performance in
men than women (Blazhenkova, Becker, &
Kozhevnikov, 2011; Blazhenkova & Kozhevni-
kov, 2009, 2010; Campos, 2012, 2014), but
other studies have found no significant differ-
ence (Campos, 2009, 2013), and a few have
observed higher performance in women than

men (Iachini, Ruggiero, Ruotolo, &
Pizza, 2008).

The findings of studies on gender differ-
ences in spatial orientation are inconsistent.
Thus, several studies have found higher per-
formance in men than women (Malinowski &
Gillespie, 2001; Schmith, 1997; Waller,
Knapp, & Hunt, 2001), whereas other studies
have found no gender differences (Taylor &
Tversky, 1992). No study has found spatial ori-
entation to be higher in women than men
(Coluccia & Louse, 2004). In the Euclidean
properties of a map (direction, distance, and
map-extrapolation), men were significantly
better than women (Galea & Kimura, 1993).

Imagery Ability

Of the many measures of the ability to form
mental imagery, the most extensively used is
the Vividness of Visual Imagery Questionnaire
(VVIQ; Marks, 1973; for a review of the stud-
ies, see McKelvie, 1995). Kosslyn and Koening
(1992), and Kozhevnikov, Kosslyn, and Shep-
ard (2005) have identified two processing
styles: visualizers and verbalizers. Visualizers
primarily use mental imagery, and verbalizers
use linguistics signs. Visualizers tend to be
object visualizers or spatial visualizers. Object
visualizers have a greater ability at capturing
the form, size, color, and so forth, of objects,
whilst spatial visualizers are good at capturing
spatial relations between objects, and prefer
spatial representations or spatial transforma-
tions (Blajenkova, Kozhevnikov, & Motes,
2006b; Blazhenkova & Kozhevnikov, 2009).

Two tests are available for measuring pro-
cessing styles (visualizer–verbalizer): the Indi-
vidual Differences Questionnaire (IDQ;
Paivio, 1971) and the Verbalizer–Visualizer
Questionnaire (VVQ; Richardson, 1977).
Moreover, Blajenkova et al. (2006b) designed
the Object–Spatial Imagery Questionnaire
(OSIQ). Thereafter, Blazhenkova and Koz-
hevnikov (2009) designed the Object–Spatial
Imagery and Verbal Questionnaire (OSIVQ),
consisting of three scales: Object Imagery,
Spatial Imagery, and Verbal Scale.
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Several studies have shown that individuals
with high spatial imagery scores are better at
performing tasks requiring spatial imagery
than individuals with low scores in spatial
imagery (Campos, Pérez-Fabello, & Díaz,
2000; Coluccia, Iosue, & Brandimonte, 2007).

Type of Study

Not all professions use the same type of imag-
ery. Several studies have shown that architects
and scientists tend to use spatial imagery more
than other types of imagery, which would
explain why they are much better at this type
of imagery than individuals from other profes-
sions (Blajenkova, Kozhevnikov, & Motes,
2006a; Kozhevnikov, Blazhenkova, & Becker,
2010; Kozhevnikov, Hegarty, & Mayer, 2002;
Kozhevnikov et al., 2005; Rhoades, 1981).
Good architects have high spatial ability
(Alias, Black, & Gray, 2002; Mohler &
Miller, 2008).

Kozhevnikov et al. (2010) applied a battery
of imagery vividness and imagery rotation
tests to a group composed of science, visual
arts, humanities, and architecture undergradu-
ates. This study found that scientists and archi-
tects had significantly higher spatial ability
scores, whereas art undergraduates obtained
higher object imagery scores. Moreover,
Kawahara and Matsuoka (2013) applied the
Japanese version of the OSIQ to art, welfare,
agriculture, education, literature, medicine,
and engineering undergraduates, and found
that engineering undergraduates significantly
outperformed other undergraduates in spatial
imagery, and medical undergraduates had
higher spatial imagery scores than art, welfare,
education, and literature undergraduates.

The aim of this study was to assess gender
difference between participants with high and
low spatial imagery, and difference between
Architecture and Business Studies (BS) under-
graduates in their representation of point
marks (a point, in plan, in elevation, and 3D),
line marks (using a line, in plan, in elevation,
and 3D), area marks (using a text, in plan, and
3D), and configuration. It was hypothesized
that men with high spatial imagery, and Archi-
tecture undergraduates would have higher

spatial imagery, representation of point marks,
line marks, area marks, and configuration,
than women with low spatial imagery, and BS
undergraduates.

Method

Participants

The group consisted of 291 university undergrad-
uates (Mage = 20.66 years, SD = 2.10), 135 of
whom were Architecture undergraduates (77
women and 58 men), and 156 BS undergradu-
ates (82 women and 74 men).

Materials

The Measure of the Ability to Form Spatial
Mental Imagery (MASMI; Campos, 2009,
2013) was used. This test consists of an
unfolded cube that participants have to men-
tally close in their minds prior to replying to
23 questions on the test. Each question has
four responses, with two correct responses and
two incorrect responses. The total score was
calculated by adding the correct responses and
subtracting the incorrect ones; thus, the total
test score ranged from −46 to 46. Participants
were given 5 min to respond to all of the ques-
tions on the test. In this study, reliability was
estimated with a Cronbach’s alpha of .89.
The Cronbach’s alpha for the MASMI was

.93, and correlated .44 (p < .01) with the
Space Test of Primary Mental Abilities
(Thurstone & Thurstone, 2002) and −.15 with
the VVIQ (Campos, 2009). The MASMI also
correlated .48 (p < .01) with the Measure of
the Ability to Rotate Mental Images (Campos,
2012). The MASMI was used as the indepen-
dent variable to analyze the influence of the
ability to form spatial imagery in the rotation
of urban maps (Dopico, González, & Campos-
Juanatey, 2017). It has also been used as a
dependent variable (Campos, 2014; Pérez-
Fabello, Campos, & Felisberti, 2018).

Procedure

In their normal classrooms, the 291 second-
year undergraduates (135 Architecture under-
graduates and 156 BS undergraduates), were
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given an A3-sized sheet of paper
(29.7 × 42.0 cm), and were allowed 5 min to draw
their own image of the city of A Coruña, Spain.
Participants were instructed that their drawings
should include the important buildings, streets,
districts, and so forth. All of the participants knew
the city and had lived there for 2–3 years. There-
after, two judges analyzed each drawing, and the
results of the two groups (Architecture and BS)—
in terms of point marks, line marks, area marks,
and configuration—were compared.

Participants were classified as high or low in
spatial imagery ability according to whether
their mean was above or below the group
mean corresponding to their specific degree.
In other words, the mean for each Architec-
ture undergraduate was compared to the mean
for the group of Architecture undergraduates,
and the mean for each BS undergraduate was
compared with the mean for all BS undergrad-
uates. The mean MASMI score obtained
by Architecture undergraduates was 18.51
(SD = 10.53), and the mean for BS undergrad-
uates was 7.63 (SD = 8.87).

Having gathered the data, the results were
analyzed using Lynch’s (1960) model of the ele-
ments of the imagery of a city, which were
grouped into three types according to their
dimensions: point marks, line marks, and area
marks. The configuration was also measured
(Lázaro, 2000). The grouping of the elements
into three categories was undertaken following
the rules for selecting and classifying elements
used in studies of cartographic maps, that is, the
point marks (equivalent to the sum of the node
and landmark categories of Lynch), line marks
(equivalent to the sum of the categories of paths
and edges described by Lynch), and area marks
(equivalent to Lynch’s category of districts).
The configuration is not an element in its own
right, but rather the structure or schema relating
all of the other elements. The isolated points of
reference and routes are useless for planning a
journey, and a structure is required to relate
them: That structure is the configuration
(Campos-Juanatey, Dopico, & González, 2017).

The number of elements for each category in
each drawing was calculated and the judges
considered the way they had been represented.

We computed the point marks represented:
(a) by a point, (b) in plan (i.e., the representa-
tion of the horizontal distribution of an area;
e.g., the plan of the distribution of galleries in a
museum), (c) in elevation (i.e., the representa-
tion of vertical elements; e.g., the facade of a
building or several facades of buildings in a
street or neighborhood), and (d) in 3D. We
computed the line marks represented: (a) by a
line, (b) in plan, (c) in elevation, and (d) in 3D.
Finally, we computed the area marks repre-
sented by: (a) text, (b) in plan, and (c) in 3D.

The configuration was assessed by two inde-
pendent judges. The score used for analysis
was the mean score of the judges. The configu-
ration was evaluated on a 0 to 10 scale, where
0 indicated a poor configuration, and 10 a
good configuration. The judges’ scoring was
based on a detailed list of criteria. The follow-
ing factors were evaluated: (a) the degree of
similarity between the undergraduate’s draw-
ing and the technical representation of the
entire city; (b) how well the drawing main-
tained the position among the different ele-
ments represented and the distances between
them, regardless of the scale of the drawing;
(c) the number of elements represented
(drawing only two elements gives a 0 configu-
ration given that without knowing the scale of
the drawing, it is impossible to ascertain if the
distance between them is correct); (d) how
well the drawing exhibited a uniform configu-
ration (drawings that did not exhibit a uniform
configuration, with some parts being more
proportional than others, were assigned a
global configuration, i.e., a mean score of the
configuration of the parts) and the configura-
tion between the different parts of the draw-
ing; and (e) the drawing’s degree of
complexity and detail (drawings based on sim-
plifications or abstractions of the shape of the
city were awarded lower scores according to
the degree of deformity). The correlation
between the judges was .94 (p < .001).

The investigation was conducted in accor-
dance with ethical rules contained in the Dec-
laration of Helsinki of 1964, and written
informed consent was obtained from each par-
ticipant. All of the undergraduates freely
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volunteered to participate in the study and
were not incentivized. Ethical approval was
not required for this study in accordance with
the national and institutional guidelines.

Statistical Analysis

To determine intra-judge concordance in the
evaluation of the configurations, a Pearson’s
correlation was performed. The reliability of
the MASMI in this study was estimated by a
Cronbach’s alpha. To establish significant dif-
ferences in imagery ability between women
and men, a Student’s t test was conducted for
independent groups. In addition, another Stu-
dent’s t test was performed to determine signifi-
cant differences in imagery ability (MASMI)
between Architecture and BS undergraduates.
To establish the spatial imagery ability of each
of the two groups—Architecture and BS
undergraduates—the mean for each group was
computed. A multivariate analysis of variance
(MANOVA) was performed to evaluate differ-
ences between high and low spatial imagery
ability (MASMI) in women and men, and
between Architecture and BS undergraduates,
in each of the four ways of representing the
point marks (using a point, in plan, in eleva-
tion, or in 3D), in the four ways of representing
the line marks (using a line, in plan, in eleva-
tion, or in 3D), and the area marks (using text,
in plan, or in 3D). Finally, an analysis of vari-
ance (ANOVA) was conducted to assess differ-
ences between the participants with high or low
spatial imagery (MASMI), between women
and men, and between Architecture and BS
undergraduates in the configuration.

Results

Practically all of the participants used the
same representation technique for drawing the
entire map, that is, a contour map without any
altimetric information, with different represen-
tations of the point, line, and area marks.

Imagery Ability (MASMI)

To determine significant differences between
Architecture and BS undergraduates, a

Student’s t test was performed, and Architec-
ture undergraduates (M = 18.51, SD = 10.53)
were found to have significantly higher imag-
ery ability (MASMI) than BS undergraduates
(M = 7.63, SD = 8.87), t(299) = 9.73, p < .001.
To examine significant differences between
women and men in imagery ability (MASMI),
a Student’s t test was conducted, but no signifi-
cant differences in gender were observed,
t(298) = .14, p = .89.

Point Marks

The first step was to examine difference
between Architecture and BS undergraduates,
between undergraduates with high or low spa-
tial imagery ability, and between women and
men in the number of point marks and the
way they were represented by carrying out a
MANOVA of 2 (Spatial Imagery) × 2
(Gender) × 2 (Type of Study). The dependent
variables were the number of point marks
represented using a point, in plan, in elevation,
or in 3D. The means and standard deviations
of the groups are shown in Table 1.
The results of the MANOVA showed signifi-

cant differences in the representation of point
marks between Architecture and BS undergrad-
uates, Wilks’s lambda = .64, F(4, 280) = 39.58,
p < .001, η2p = .36, power = 1. The univariate

analysis found significant differences between
Architecture and BS undergraduates in all of
the point mark representations, that is, in the
number of elements represented using a point,
in plan, in elevation, and in 3D. BS undergrad-
uates (M = 2.68, SD = 2.80) represented
more point marks using a point than Architec-
ture undergraduates (M = 0.84, SD = 1.69),
F(1, 283) = 42.79, p < .001, η2p = .13, power =

1. In comparison, Architecture undergradu-
ates represented more point marks using plan
representations (M = 2.90, SD = 2.34) than
BS undergraduates (M = 1.13, SD = 1.73),
F(1, 283) = 49.03, p < .001, η2p = .15, power =

1. The number of point marks represented in
elevation were higher in BS (M = 0.65, SD =
0.97) than in Architecture undergraduates
(M = 0.19, SD = 0.79), F(1, 283) = 18.92,

p < .001, η2p = .06, power = .99. As for the
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representation of 3D elements, Architecture
undergraduates represented more 3D ele-
ments (M = 0.58, SD = 1.27) than did BS
undergraduates (M = 0.04, SD = 0.35),
F(1, 283) = 26.36, p < .001, η2p = .09, power = 1.

The results also revealed significant differ-
ences between women and men in the repre-
sentation of point marks, Wilks’s lambda =
.97, F(4, 280) = 2.34, p = .05, η2p = .36,

power = 1. The univariate analysis examining
gender differences in representation tech-
niques showed differences between women
and men in the representation of point marks
in 3D, with men (M = 0.39, SD = 1.18) repre-
senting more point marks in 3D than women
(M = 0.21, SD = 0.67), F(1, 283) = 3.93,
p < .05, η2p = .01, power = .51. No gender dif-

ferences were observed in the remaining ways
of representing the point marks: using a point,
F(1, 283) = 1.98, p = .16, η2p = .01, power = .29;

in plan, F(1, 283) = 0.47, p = .49, η2p = .01,

power = .11; and in relief, F(1, 283) = 0.68,
p = .41, η2p = .01, power = .13. Likewise, no

significant differences were found in the repre-
sentation of point marks between participants
with high or low spatial imagery, Wilks’s
lambda = .98, F(4, 280) = 1.62, p = .17, η2p =

.02, power = .50.
The first-order interactions were not signifi-

cant: type of study and gender, Wilks’s
lambda = .98, F(4, 280) = 1.64, p = .17,
η2p = .02, power = .50; type of study and spatial

imagery ability, Wilks’s lambda = .99,
F(4, 280) = 1.62, p = .53, η2p = .01, power =

.25; and spatial imagery ability and gender,
Wilks’s lambda = .99, F(4, 280) = 0.74,
p = .56, η2p = .01, power = .23. The second-order

interaction—type of study, gender, and spatial
imagery ability—was not significant either,
Wilks’s lambda = 1, F(4, 280) = 0.09, p = .99,
η2p = .01, power = .07.

Line Marks

The second step was to determine significant
differences in the number of line marks and
the way of representing them (in the represen-
tation of imagery of a city), between Architec-
ture and BS undergraduates, between high
and low spatial imagery ability, and between
women and men. To confirm this hypothesis,
a MANOVA of 2 (Spatial Imagery) × 2
(Gender) × 2 (Type of Study) was carried out.
The dependent variables were the number of
lineal elements represented using a line, in
plan, in elevation, and in 3D. The means and
standard deviations are shown in Table 2.

The results of the MANOVA revealed sig-
nificant differences in the representation of
lineal elements between Architecture and
BS undergraduates, Wilks’s lambda = .87,
F(4, 280) = 10.16, p < .001, η2p = .13, power =

1. The univariate analysis found significant
differences between Architecture and BS
undergraduates in the representations using

Table 1 Means and standard deviations of representations of point marks according to type of
study, spatial imagery ability (high or low), and gender

Representations of point marks

A point In plan In elevation In 3D Total

Groups M SD M SD M SD M SD M SD

Architecture 0.84 1.69 2.90 2.34 0.19 0.79 0.58 1.27 4.50 2.40
BS 2.68 2.80 1.13 1.73 0.65 0.97 0.04 0.35 4.57 2.39
High imagery 1.86 2.75 2.22 2.36 0.46 0.88 0.34 0.97 4.91 2.61
Low imagery 1.80 2.32 1.73 2.08 0.42 0.95 0.26 0.91 4.23 2.16
Women 1.61 2.31 2.06 2.30 0.38 0.83 0.21 0.67 4.34 2.34
Men 2.09 2.73 1.83 2.11 0.50 1.02 0.39 1.18 4.80 2.43
Total 1.83 2.52 1.96 2.22 0.44 0.92 0.29 0.94 4.54 2.39
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lines and in plan. The Architecture undergrad-
uates (M = 2.01, SD = 1.65) obtained more
line marks represented by a line than
BS undergraduates (M = 1.39, SD = 1.07),
F(1, 283) = 16.16, p < .001, η2p = .05, power =

.40. Architecture undergraduates (M = 1.13,
SD = 1.68) also had more line marks repre-
sented in plan than BS undergraduates (M =
0.57, SD = 1.31), F(1, 283) = 9.02, p < .01,
η2p = .03, power = .85. No significant differ-

ences were observed between Architecture
and BS undergraduates in the representation
of line marks in elevation, F(1, 283) = 1.91,
p = .17, η2p = .17, power = .28, or in 3D,

F(1, 283) = 0.09, p = .77, η2p = .01, power = .06.

Gender had no influence on the representa-
tion of line marks, Wilks’s lambda = .97,
F(4, 280) = 2.27, p = .06, η2p = .03, power = .66.

The imagery ability also had no influence on
representation of line marks, Wilks’s lambda =
.99, F(4, 280) = 0.88, p = .48, η2p = .01,

power = .28. The interactions between type
of study and gender, Wilks’s lambda = .99,
F(4, 280) = 1.02, p = .40, η2p = .01, power =

.32, and between type of study and the ability
to form spatial imagery, Wilks’s lambda = .98,
F(4, 280) = 1.46, p = .22, η2p = .02, power =

.45, were not significant. However, there was a
significant interaction between gender and
the ability to form spatial imagery, Wilks’s
lambda = .97, F(4, 280) = 2.35, p = .05,
η2p = .03, power = .68. Univariate analysis

showed a significant interaction between gen-
der and the ability to form spatial imagery in
the representation of line marks in plan,
F(1, 283) = 4.09, p = .04, η2p = .01, power = .52

(see Figure 1). The second-order interaction—
type of study, gender, and the ability to form
spatial imagery—was not significant, Wilks’s
lambda = .99, F(4, 280) = 52, p = .72, η2p = .01,

power = .17.

Area Marks

Moreover, significant differences in the num-
ber of area marks and ways of representing
the imagery of a city were evaluated between
Architecture and BS undergraduates, between
high and low spatial imagery ability, and
between women and men. To confirm this
hypothesis, a MANOVA of 2 (Spatial Imag-
ery) × 2 (Gender) × 2 (Type of Study) was

Table 2 Means and standard deviations of representations of line marks according to type of
study, spatial imagery ability (high or low), and gender

Representations of lineal marks

A line In plan In elevation In 3D Total

Groups M SD M SD M SD M SD M SD

Architecture 2.01 1.65 1.13 1.68 0.01 1.09 0.02 0.19 3.17 1.89
BS 1.39 1.07 0.57 1.31 0.04 0.22 0.01 0.11 2.17 1.53
High imagery 1.76 1.54 0.89 1.51 0.02 0.12 0.03 0.21 2.72 1.79
Low imagery 1.61 1.28 0.79 1.53 0.03 0.21 0.01 0.08 2.56 1.76
Women 1.58 1.37 0.85 0.51 0.04 0.23 0.03 0.21 2.57 1.77
Men 1.80 1.44 0.81 1.54 0.01 0.01 0.01 0.01 2.72 1.78
Total 1.68 1.40 0.83 0.52 0.02 0.17 0.02 0.15 2.63 1.77
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Figure 1 Interactions between gender and the
ability to form spatial imagery in the representation
of line marks in plan.
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performed. The dependent variables were the
number of area marks represented using text,
in plan, and in 3D. The means and standard
deviations of the groups are shown in Table 3.

The results of the MANOVA revealed
significant differences in the representation
of area marks between Architecture and
BS undergraduates, Wilks’s lambda = .75,
F(3, 281) = 31.45, p < .001, η2p = .25, power =

1. The univariate analysis found significant
differences between Architecture and BS
undergraduates in the representation of area
marks using text and in plan. The BS under-
graduates (M = 1.84, SD = 1.93) had more
area marks represented using text than Archi-
tecture undergraduates (M = 0.80, SD = 1.18), F
(1, 283) = 30.95, p < .001, η2p = .10, power = 1.

However, Architecture undergraduates had
more elements represented in plan (M = 2.05,
SD = 1.94) than BS undergraduates (M = 0.44,
SD = 0.97), F(1, 283) = 84.67, p < .001, η2p = .23,

power = 1. In the 3D representation, no signif-
icant difference was observed between Archi-
tecture and BS undergraduates, F(1, 283) =
0.06, p = .43, η2p = .01, power = .13.

No significant differences were found
between women and men in the representa-
tion of area marks, Wilks’s lambda = .98,
F(3. 281) = 2.10, p = .10, η2p = .02, power = .53.

Neither were there significant differences
between the high and low spatial imagery in
techniques for representing area marks,
Wilks’s lambda = .99, F(3, 281) = 0.16,

p = .92, η2p = .01, power = .08. Similarly, there

were no significant first-order interactions: type
of study and gender, Wilks’s lambda = .99,
F(3, 281) = 0.96, p = .41, η2p = .01, power = .26;

type of study and ability to form spatial imag-
ery, Wilks’s lambda = .99, F(3, 281) = 0.46,
p = .71, η2p = .01, power = .14; nor between

gender and ability to form spatial imagery,
Wilks’s lambda = .99, F(3, 281) = 0.37,
p = .78, η2p = .01, power = .12. The second-

order interaction was not significant: type of
study, gender, and ability of form spatial imag-
ery, Wilks’s lambda = .99, F(3, 281) = 0.66,
p = .58, η2p = .01, power = .19.

Configuration

Finally, significant differences in configuration
(representations of the imagery of a city) were
observed between different spatial imagery
abilities, gender, and type of study. To corrob-
orate this hypothesis, an ANOVA of 2 (Spatial
Imagery) × 2 (Gender) × 2 (Type of Study)
was performed with the scores in the configu-
ration as the dependent variable. The means
and standard deviations are shown in Table 4.

The results of the ANOVA found signifi-
cant differences in configuration between
Architecture and BS undergraduates. The for-
mer obtained a higher score in configuration
(M = 3.39, SD = 2.62) than the latter
(M = 2.02, SD = 1.96), F(1, 283) = 25.61,
p < .001, η2p = .08, power = 1. Gender also

influenced configuration: men obtained higher

Table 3 Means and standard deviations of representations of area marks according to type of
study, spatial imagery ability (high or low), and gender

Representations of area marks

In text In plan In 3D Total

Groups M SD M SD M SD M SD

Architecture 0.80 1.18 2.05 1.94 0.03 0.17 2.90 1.83
BS 1.84 1.93 0.44 0.97 0.01 0.11 2.35 1.85
High Imagery 1.34 1.85 1.29 1.72 0.02 0.15 2.72 1.90
Low Imagery 1.37 1.59 1.10 1.69 0.02 0.14 2.51 1.82
Women 1.32 1.79 1.06 1.69 0.03 0.18 2.49 2.00
Men 1.40 1.60 1.33 1.72 0.01 0.09 2.73 1.68
Total 1.36 1.70 1.19 1.70 0.02 0.14 2.60 1.86
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configuration scores (M = 2.96, SD = 2.24)
than women (M = 2.41, SD = 2.49), F(1, 283) =
5.53, p = .01, η2p = .02, power = .65. The ability

to perform spatial imagery was not significant,
F(1, 283) = 0.50, p = .48, η2p = .01, power =

.11. The first-order interactions were not sig-
nificant: type of study and gender, F(1, 283) =
0.57, p = .45, η2p = .01, power = .12; type of

study and spatial imagery ability, F(1, 283) =
0.14, p = .71, η2p = .01, power = .07; gender

and spatial imagery ability, F(1, 283) = 0.18,
p = .67, η2p = .01, power = .07. The interac-

tions between the three variables—type of
study, gender, and spatial imagery ability—
were not significant, F(1, 283) = 1.94, p = .17,
η2p = .01, power = .24.

Discussion

The first analysis, involving the correlation
between the two judges, obtained a very high
correlation with significance being one to a
thousand, indicating that intra-judge coher-
ence was very high. The Cronbach’s alpha for
the MASMI was very high, comparable to the
.93 obtained by Campos (2009, 2013) in both
studies. This underscored the high reliability
of the measure of spatial imagery.

Imagery Ability

Architecture undergraduates were found to
have higher spatial imagery abilities than BS
undergraduates. This result is in agreement

with the findings of Campos-Juanatey, Pérez-
Fabello, and Campos (2017). These differ-
ences in spatial imagery ability can explain the
differences in the mental map of a city
between Architecture and BS undergraduates.
There is a relation between spatial imagery
ability and performance in science, technology,
engineering, and mathematics (Hegarty &
Kozhevnikov, 1999; Mohler & Miller, 2008).
The results of the present study, in which

Architecture undergraduates outperformed
BS undergraduates, can be interpreted in
terms of different types of processing. As
shown by the work of Kozhevnikov
et al. (2010) and Kawahara and Matsuoka
(2013), Architecture undergraduates use a
type of processing where spatial imagery and
imagery rotation predominate, which would
explain why they are better at performing
tasks requiring spatial abilities than BS under-
graduates. It would be interesting to analyze if
the difference in spatial imagery ability
between Architecture and BS undergraduates
had existed prior to the students’ admittance
to university, or if it was a product of the uni-
versity education.
No significant differences were observed

between women and men on the MASMI,
which confirmed previous studies (Campos,
2009, 2012), given that the MASMI is a test
measuring spatial imagery, not imagery rota-
tion, and the difference between women and
men was mainly in the imagery-rotation tests
(see Campos, 2014, for a review).

Point Marks

The univariate analysis showed that BS under-
graduates represented more point marks with
a point and in elevation than Architecture
undergraduates. In comparison, the latter had
more point marks represented at ground level
and in 3D than the former. Architecture
undergraduates employed more complex rep-
resentation techniques, such as representing in
plan instead of using a point, and in 3D rather
than in elevation. This may be due to the
training of Architecture undergraduates in
designing maps and developing representation
techniques, whereas BS undergraduates

Table 4 Means and standard deviations of
representations of configuration according to
type of study, spatial imagery ability (high or

low), and gender

Groups M SD

Architecture 3.39 2.62
BS 2.02 1.96
High imagery 2.81 2.37
Low imagery 2.53 2.41
Women 2.41 2.49
Men 2.96 2.24
Total 2.66 2.39
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undergo other types of studies (Blajenkova
et al., 2006a; Kozhevnikov et al., 2002, 2005,
2010; Rhoades, 1981). Good architects have
high spatial ability (Alias et al., 2002; Mohler &
Miller, 2008). Sorby and Baartmans (1996)
and Ursyn (1997) have also underscored that
architects should have heightened spatial abil-
ity to undertake tasks such as making maps by
applying the most appropriate techniques.

The statistical results showed significant dif-
ferences between women and men in the rep-
resentation of point marks in 3D; that is, men
scored higher than women. Three-dimensional
representations are related to spatial ability,
and in previous studies, men have scored
higher in this ability (Blazhenkova et al., 2011;
Blazhenkova & Kozhevnikov, 2009, 2010;
Campos, 2012, 2014).

Line Marks

The univariate analysis revealed that Architec-
ture undergraduates employed more line mark
representations using a line and in plan than
BS undergraduates. This confirms the findings
of previous studies that found differences in
spatial ability between architecture undergrad-
uates and other types of studies (Blajenkova
et al., 2006a; Kozhevnikov et al., 2002, 2005,
2010; Rhoades, 1981). Regardless of the group
examined, fewer line marks were represented
in elevation, in 3D, and in lineal representa-
tions than in plan, which indicated that these
representation techniques for drawing line
marks were not frequently used.

A significant interaction was observed in the
number of lineal representations in plan
between gender and the ability to form mental
imagery. Men with high ability to form mental
imagery had a greater number of lineal repre-
sentations in plan than women with high abil-
ity to form mental imagery. In comparison,
women with low ability to form mental imag-
ery had more lineal representations in plan
than men with low ability to form mental
imagery. This result is striking in terms of the
performance of women with low ability to
form mental imagery and the number of lineal
representations on plans. Until now, men with
high ability to form mental imagery were

found to outperform women in spatial activi-
ties, but women with low ability to form men-
tal imagery have not been reported to surpass
men. This result is interesting and should be
further corroborated in future studies.

The fact that women with high or low spa-
tial imagery ability exhibit behavior different
to men with high or low spatial imagery ability
may be explained by different information
processing in women and men with high spa-
tial imagery ability to that of women and men
with low spatial imagery ability. An alternative
explanation is that men with high spatial imag-
ery ability have higher motivation than
women, and men with low spatial imagery
ability have a lower motivation than women
with low spatial imagery ability.

Area Marks

Univariate analysis revealed that BS under-
graduates represented more area marks using
text than Architecture undergraduates,
whereas the latter represented more area
marks in plan than the former. Architecture
undergraduates tended to employ a more
complex technique of representation, such as
representation in plan instead of using text. A
plausible explanation may be owing to the
training received by architecture undergradu-
ates in designing maps and developing repre-
sentation techniques, a finding corroborated in
studies showing that architects have high spa-
tial ability (Alias et al., 2002; Mohler & Miller,
2008). BS undergraduates resorted to creating
a map in the best way that they knew, that is,
writing; whereas, Architecture undergraduates
tended to represent the map elements by
drawing the elements in plan, with the added
difficulty of having to define an extension and
the approximate limits of a superficial ele-
ment. This would confirm the advantage of
architecture undergraduates over other types
of undergraduates in navigating maps
(Blajenkova et al., 2006a; Kozhevnikov et al.,
2002, 2005, 2010; Rhoades, 1981).

Configuration

The results indicated significant difference in
the configuration between Architecture
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undergraduates and BS undergraduates. The
former obtained higher scores in configuration
than the latter. This result was in agreement
with studies underscoring the superiority of
architecture undergraduates over other under-
graduates in navigating maps (Alias et al.,
2002; Blajenkova et al., 2006a; Kozhevnikov
et al., 2002, 2005, 2010; Mohler & Miller, 2008;
Rhoades, 1981).

Gender was found to influence the configu-
ration, with men obtaining higher scores in
configuration than women. This result substan-
tiated the findings of previous studies showing
higher performance in configuration of men
(Galea & Kimura, 1993; Malinowski & Gilles-
pie, 2001; Schmith, 1997; Waller et al., 2001).

We propose new studies to analyze gender
differences during the first and final years at
university in 3D representations and configu-
rations. If there were differences between
women and men in both years, we would rec-
ommend training programs in 3D representa-
tions and configurations during the first year
of university education.

Conclusions

In conclusion, our study has revealed the
following:

1. Architecture undergraduates had higher
imagery abilities than BS undergraduates.

2. Architecture undergraduates were supe-
rior in all of the point mark representations
than BS undergraduates (in plan, in elevation,
and in 3D). Men represented more 3D point
marks than women.

3. Architecture undergraduates depicted
more line mark representations using a line
and plans than BS undergraduates.

4. Men with high mental imagery ability
had more linear representations and plans
than women with high mental imagery ability.
However, women with low mental imagery
ability depicted more lineal representations
and plans than men with low mental imagery
ability.

5. BS undergraduates tended to represent
area marks using text, whereas Architecture
undergraduates tended to represent them
using plans.

6. The configuration of architecture under-
graduates was greater as compared to BS
undergraduates, and greater for men than for
women.

Conflicts of Interest

There are no conflicts of interest that need to
be disclosed.

References

Alias, M., Black, T. R., & Gray, D. E. (2002). Effect
of instructions on spatial visualisation ability in
civil engineering students. International Educa-
tion Journal, 3, 1–12.

Blajenkova, O., Kozhevnikov, M., & Motes, M. A.
(2006a). Object and spatial imagery: Distinc-
tions between members of different professions.
Cognitive Processing, 7, S20–S21. https://doi.
org/10.1007/s10339-006-0047-9

Blajenkova, O., Kozhevnikov, M., & Motes, M. A.
(2006b). Object-spatial imagery: A new self-
report imagery questionnaire. Applied Cognitive
Psychology, 20, 239–263. https://doi.org/10.1002/
acp.1182

Blazhenkova, O., Becker, M., & Kozhevnikov, M.
(2011). Object-spatial imagery and verbal cogni-
tive styles in children and adolescents: Develop-
mental trajectories in relation to ability. Learning
and Individual Differences, 21, 181–187. https://
doi.org/10.1016/j.lindif.2010.11.012

Blazhenkova, O., & Kozhevnikov, M. (2009). The
new object-spatial-verbal cognitive style model:
Theory and measurement. Applied Cognitive
Psychology, 23, 638–663. https://doi.org/10.1002/
acp.1473

Blazhenkova, O., & Kozhevnikov, M. (2010).
Visual-object ability: A new dimension of non-
verbal intelligence. Cognition, 117, 276–301.
https://doi.org/10.1016/j.cognition.2010.08.021

Campos, A. (2009). Spatial imagery: A new measure
of the visualization factor. Imagination, Cogni-
tion and Personality, 29, 31–39. https://doi.
org/10.2190/IC.29.1.c

Campos, A. (2012). Measure of the ability to rotate
mental images. Psicothema, 24, 431–434.

Campos, A. (2013). Reliability and percentiles of a
measure of spatial imagery. Imagination, Cogni-
tion and Personality, 32, 427–431. https://doi.
org/10.2190/IC.32.4.f

189Representation of imagery of the city

© Japanese Psychological Association 2018.

https://doi.org/10.1007/s10339-006-0047-9
https://doi.org/10.1007/s10339-006-0047-9
https://doi.org/10.1002/acp.1182
https://doi.org/10.1002/acp.1182
https://doi.org/10.1016/j.lindif.2010.11.012
https://doi.org/10.1016/j.lindif.2010.11.012
https://doi.org/10.1002/acp.1473
https://doi.org/10.1002/acp.1473
https://doi.org/10.1016/j.cognition.2010.08.021
https://doi.org/10.2190/IC.29.1.c
https://doi.org/10.2190/IC.29.1.c
https://doi.org/10.2190/IC.32.4.f
https://doi.org/10.2190/IC.32.4.f


Campos, A. (2014). Gender differences in imagery.
Personality and Individual Differences, 59,
107–111. https://doi.org/10.1016/j.paid.2013.12.010

Campos, A., Pérez-Fabello, M. J., & Díaz, P. (2000).
Rhythmic gymnastics: The mental image of nov-
ices and expert gymnasts. Revista de Psicología
del Deporte, 9, 87–93.

Campos-Juanatey, D., Dopico, J. A., &
González, M. A. (2017). Evaluation of the city
cognitive map drawing. Revista de Estudios e
Investigación en Psicología y Educación, 1,
A1-28–A1-31. https://doi.org/10.17979/reipe.
2017.0.01.2185

Campos-Juanatey, D., Pérez-Fabello, M. J., &
Campos, A. (2017). Differences in image rota-
tion between undergraduates from different
university degrees. Imagination, Cognition and
Personality. Advance online publication. https://
doi.org/10.1177/0276236617748131

Coluccia, E., Iosue, G., & Brandimonte, M. A.
(2007). The relationship between map drawing
and spatial orientation abilities: A study of gen-
der differences. Journal of Environmental Psy-
chology, 27, 135–144. https://doi.org/10.1016/j.
jenvp.2006.12.005

Coluccia, E., & Louse, G. (2004). Gender differ-
ences in spatial orientation: A review. Journal
of Environmental Psychology, 24, 329–340.
https://doi.org/10.1016/j.jenvp.2004.08.006

Dopico, J. A., González, M. A., & Campos-
Juanatey, D. (2017). Imagery ability and valua-
tion of explanatory methods in economics.
Revista de Estudios e Investigación en Psicología
Y Educación, 1, A1-088–A1-092. https://doi.
org/10.17979/reipe.2017.0.01.2278

Evans, G. W., & Pezdek, K. (1980). Cognitive map-
ping: Knowledge of real world distance and
location information. Journal of Experimental
Psychology: Human Learning and Memory, 6,
13–24. https://doi.org/10.1037/0278-7393.6.1.13

Galea, L. A. M., & Kimura, D. (1993). Sex differ-
ences in route-learning. Personality and Individ-
ual Differences, 14, 53–65. https://doi.org/10.
1016/0191-8869(93)90174-2

Hegarty, M., & Kozhevnikov, M. (1999). Spatial
abilities, working memory and mechanical rea-
soning. In J. Gero & B. Tversky (Eds.), Visual
and spatial reasoning in design (pp. 15–17). Syd-
ney, Australia: Key Centre of Design Comput-
ing and Cognition.

Iachini, R., Ruggiero, G., Ruotolo, F., & Pizza, R.
(2008). Age and gender differences in some
components of spatial cognition. In
H. T. Benninghouse & A. G. Rosset (Eds.),
Women and aging: New research (pp. 365–388).
New York, NY: Nova Science.

Kawahara, M., & Matsuoka, K. (2013). Object-
spatial imagery types of Japanese college stu-
dents. Psychology, 4, 165–168. https://doi.org/10.
4236/psych.2013.43024

Kosslyn, S. M., & Koening, O. (1992). Wet mind:
The new cognitive neuroscience. New York, NY:
Free Press.

Kozhevnikov, M., Blazhenkova, O., & Becker, M.
(2010). Trade-off in object versus spatial visuali-
zation abilities: Restriction in the development
of visual-processing resources. Psychonomic
Bulletin & Review, 17, 29–35. https://doi.org/10.
3758/PBR.17.1.29

Kozhevnikov, M., Hegarty, M., & Mayer, R. E.
(2002). Revising the visualizer-verbalizer
dimension: Evidence for two types of visual-
izers. Cognition and Instruction, 20, 47–77.
https://doi.org/10.1207/S1532690XCI2001_3

Kozhevnikov, M., Kosslyn, S. M., & Shepard, J.
(2005). Spatial versus object visualizers: A new
characterization of visual cognitive style. Mem-
ory & Cognition, 33, 710–726. https://doi.org/10.
3758/BF03195337

Lázaro, V. (2000). The mental representation of
space throughout life. Zaragoza, Spain: Egido
Editorial.

Linn, M. C., & Petersen, A. C. (1985). Emergence
and characterization of gender differences in spa-
tial abilities: A meta-analysis. Child Development,
56, 1479–1498. https://doi.org/10.2307/1130467

Lynch, K. (1960). The image of the city. Cambridge,
MA: MIT Press.

Malinowski, J. C., & Gillespie, W. T. (2001). Individ-
ual differences in performance on a large-scale,
real-world wayfinding task. Journal of Environ-
mental Psychology, 21, 73–82. https://doi.org/10.
1006/jevp.2000.0183

Marks, D. (1985). Imagery differences: An overview
of research on visual imagery vividness. In
D. Marks & D. G. Russell (Eds.), Imagery
1. Proceedings of the first International Imagery
Conference (pp. 1–5). Dunedin, New Zealand:
Human Performance Associates.

Marks, D. F. (1973). Visual imagery differences in
the recall of pictures. British Journal of Psychol-
ogy, 64, 17–24. https://doi.org/10.1111/j.
2044-8295.1973.tb01322.x

McKelvie, S. J. (1995). The VVIQ as a psychometric
test of individual differences in visual imagery
vividness: A critical quantitative review and
plea for direction. Journal of Mental Imagery,
19, 1–106.

Mohler, J. L., & Miller, C. L. (2008). Improving spa-
tial ability with mentored sketching. Engineer-
ing Design Graphics Journal, 72, 19–27.

Paivio, A. (1971). Imagery and verbal processes.
Oxford, England: Holt, Rinehart, & Winston.

190 A. Campos and D. Campos-Juanatey

© Japanese Psychological Association 2018.

https://doi.org/10.1016/j.paid.2013.12.010
https://doi.org/10.17979/reipe.2017.0.01.2185
https://doi.org/10.17979/reipe.2017.0.01.2185
https://doi.org/10.1177/0276236617748131
https://doi.org/10.1177/0276236617748131
https://doi.org/10.1016/j.jenvp.2006.12.005
https://doi.org/10.1016/j.jenvp.2006.12.005
https://doi.org/10.1016/j.jenvp.2004.08.006
https://doi.org/10.17979/reipe.2017.0.01.2278
https://doi.org/10.17979/reipe.2017.0.01.2278
https://doi.org/10.1037/0278-7393.6.1.13
https://doi.org/10.1016/0191-8869(93)90174-2
https://doi.org/10.1016/0191-8869(93)90174-2
https://doi.org/10.4236/psych.2013.43024
https://doi.org/10.4236/psych.2013.43024
https://doi.org/10.3758/PBR.17.1.29
https://doi.org/10.3758/PBR.17.1.29
https://doi.org/10.1207/S1532690XCI2001_3
https://doi.org/10.3758/BF03195337
https://doi.org/10.3758/BF03195337
https://doi.org/10.2307/1130467
https://doi.org/10.1006/jevp.2000.0183
https://doi.org/10.1006/jevp.2000.0183
https://doi.org/10.1111/j.2044-8295.1973.tb01322.x
https://doi.org/10.1111/j.2044-8295.1973.tb01322.x


Pérez-Fabello, M. J., Campos, A., &
Felisberti, F. M. (2018). Object-spatial imagery
in fine arts, psychology, and engineering. Think-
ing Skills and Creativity, 27, 131–138. https://doi.
org/10.1016/j.tsc.2017.12.005

Rhoades, H. M. (1981). Training spatial ability. In
E. Klinger (Ed.), Imagery. Vol. 2. Concepts,
results and applications (pp. 247–256). New York,
NY: Plenum Press.

Richardson, A. (1977). Verbalizer-visualizer: A cog-
nitive style dimension. Journal of Mental Imag-
ery, 1, 109–125.

Schmith, S. (1997). Gender related strategies in envi-
ronmental development: Effect of anxiety on
wayfinding in and representation of a three-
dimensional maze. Journal of Environmental
Psychology, 17, 215–218. https://doi.org/10.1006/
jevp.1997.0056

Sorby, S. A., & Baartmans, B. J. (1996). A course for
the development of 3-D spatial visualization skills.
Engineering Design Graphics Journal, 60, 13–20.

Taylor, H. A., & Tversky, B. (1992). Descriptions and
depictions of environment. Memory & Cognition,
20, 483–496. https://doi.org/10.3758/BF03199581

Thurstone, L. L., & Thurstone, T. G. (2002). Apti-
tudes Mentales Primarias [Primary Mental

Abilities]. Madrid, Spain: TEA Ediciones.
(Original work published 1962)

Tolman, E. C. (1948). Cognitive maps in rats and
men. Psychological Review, 55, 189–208. https://
doi.org/10.1037/h0061626

Ursyn, A. (1997). Computer art graphics integration of
art and science. Learning and Instruction, 7, 65–86.
https://doi.org/10.1016/S0959-4752(96)00011-4

Voyer, D., Voyer, S., & Bryden, M. P. (1995). Mag-
nitude of sex differences in spatial abilities: A
meta-analysis and consideration of critical vari-
ables. Psychological Bulletin, 117, 250–270.
https://doi.org/10.1037/0033-2909.117.2.250

Waller, D., Knapp, D., & Hunt, E. (2001). Spatial
representations of visual mazes: The role of
visual fidelity and individual differences.
Human Factors, 43, 147–158. https://doi.org/10.
1518/001872001775992561

Wilton, R. N. (1979). Knowledge of spatial relations.
The specification of information used in making
inferences. Quarterly Journal of Experimental
Psychology, 31, 133–146. https://doi.org/10.
1080/14640747908400713

(Received December 10, 2017; accepted May
7, 2018)

191Representation of imagery of the city

© Japanese Psychological Association 2018.

https://doi.org/10.1016/j.tsc.2017.12.005
https://doi.org/10.1016/j.tsc.2017.12.005
https://doi.org/10.1006/jevp.1997.0056
https://doi.org/10.1006/jevp.1997.0056
https://doi.org/10.3758/BF03199581
https://doi.org/10.1037/h0061626
https://doi.org/10.1037/h0061626
https://doi.org/10.1016/S0959-4752(96)00011-4
https://doi.org/10.1037/0033-2909.117.2.250
https://doi.org/10.1518/001872001775992561
https://doi.org/10.1518/001872001775992561
https://doi.org/10.1080/14640747908400713
https://doi.org/10.1080/14640747908400713

	 The Representation of Imagery of the City: The Impact of Studies and Imagery Ability
	Outline placeholder
	Gender
	Imagery Ability
	Type of Study

	Method
	Participants
	Materials
	Procedure
	Statistical Analysis

	Results
	Imagery Ability (MASMI)
	Point Marks
	Line Marks
	Area Marks
	Configuration

	Discussion
	Imagery Ability
	Point Marks
	Line Marks
	Area Marks
	Configuration
	Conclusions

	Conflicts of Interest
	References


