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A B S T R A C T

Route information learned from maps can be mentally represented in various formats, such as verbal de
scriptions, spatial layouts, or mental imagery. Across two studies, we examined whether individuals' preferred 
modes of representing information (visual-verbal cognitive style) are associated with map-based route learning. 
In Study 1 (N = 70), participants learned three different routes from three separate maps and, following each 
learning phase, completed a corresponding memory test in either verbal, visual, or spatial format. Verbal, object- 
visual, and spatial-visual cognitive style dimensions did not significantly predict corresponding test perfor
mances. However, spatial-visual cognitive style predicted verbal route knowledge. In Study 2 (N = 106), par
ticipants learned a route from a map, and their route memory was subsequently assessed using a navigation test 
in a virtual environment. Only the spatial-visual cognitive style was related to navigation performance. Results 
suggest that cognitive style concerns preference rather than re-processing of learning material.

1. The role of cognitive style in route learning from maps

Map learning is a comprehensive task that might involve learning the 
layout of the environment, spatial relations among the places, and the 
location of landmarks. Map learning has been studied across many dis
ciplines, such as cartography, general psychology, and educational 
psychology, describing the factors involved in forming mental repre
sentations when studying maps (e.g., Dickmann et al., 2017; Tversky & 
Schiano, 1989; Verdi & Kulhavy, 2002; Zimmer, 2004). Among those 
factors, cognitive abilities, affective, motivational, personality-related 
factors, spatial strategies, and map design are found to be related to 
map learning (Hilton et al., 2023, 2025; Kapaj et al., 2023, 2024; Muf
fato et al., 2017, 2021, 2025).

Navigational map-based route learning is one form of map learning 
in which a predefined route is learned from a digital map to reach a 
destination. Digital maps, such as those displayed by navigation assis
tance systems, show pre-planned routes that are used to learn the fastest 
route possible or to navigate with assistance. While the explicit learning 
of a complete route from a digital map might not be a common task, the 
information processing of the presented route information is part of 
everyday assisted navigation, and remembering a route as such is part of 
everyday wayfinding.

When individuals learn a route from a map, they have choices 
regarding which information is considered relevant and how the infor
mation is selected, processed, and mentally represented. One of the 

choices might be to mentally represent a visual image of the map, 
including the “form” of the route, the visual symbols, and the configu
rations of places. Another choice might be to derive spatial information 
by analyzing spatial relations between places and recognition of struc
tural features, regions, and areas of the environment (like a “cognitive 
map”, Tolman, 1948; Tversky, 1993). Alternatively, individuals may 
transform essential visual route information into the verbal code (“at the 
pharmacy, left”) and form a sequential, verbal list of cue-action associ
ation pairs. Therefore, learning route knowledge from a map might be 
related to individual information processing preferences.

Cognitive style refers to relatively stable preferences in how in
dividuals perceive, process, and represent information across tasks 
(Ausburn & Ausburn, 1978; Klein, 1951; Kozhevnikov, 2007). A widely 
studied cognitive style framework is the verbalizer–visualizer dimen
sion, which has been further refined into a three-dimensional model 
comprising verbal, object-visual, and spatial-visual styles (Blazhenkova 
& Kozhevnikov, 2009). Because cognitive style is conceptualized as a 
preference for processing information, it may be associated with dif
ferences in how wayfinding information is represented.

However, there are various individual factors that play roles in 
different tests of spatial learning, such as pointing to the position of 
unseen targets, using shortcuts, drawing the layout of the environment, 
and repeating the route forward or backward (Fields & Shelton, 2006; 
He et al., 2023; Head & Isom, 2010; Hegarty et al., 2006; Wolbers & 
Hegarty, 2010). Some of those factors also play roles in navigational 
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map-based route learning and can interact with cognitive style.
Among these factors, cognitive abilities, such as working memory 

capacity, mental rotation, and perspective taking ability, play a critical 
role in several tasks involved in spatial learning. Relatedly, perspective 
taking ability (PTA) plays an important role in navigational map-based 
route learning (Fehringer et al., 2025; Dedetaş Şatır et al., 2026) across 
the adult lifespan (Muffato et al., 2020). PTA, which involves mentally 
adopting different viewpoints or spatial perspectives (Brucato et al., 
2023; Flavell et al., 1981; Hegarty & Waller, 2004; Kozhevnikov & 
Hegarty, 2001), allows individuals to translate a map's layout into an 
egocentric frame of reference, facilitating route learning and spatial 
orientation. Individuals with weaker perspective-taking skills could face 
challenges with learning from a map requiring frequent shifts in imag
ined viewpoint, even when their cognitive style is well-suited.

Another contributing factor might be the spatial strategies used 
during wayfinding (Hegarty et al., 2002; Münzer et al., 2016, 2020; 
Münzer & Stahl, 2011; Pazzaglia & De Beni, 2001). Spatial strategies 
refer to preferences for specific mental representations of environmental 
space, corresponding to egocentric and allocentric spatial strategies 
(Münzer et al., 2016). Some may prefer representations of the envi
ronment according to their own position (referring to the egocentric 
representation), whereas others may prefer a map-like allocentric rep
resentation of the environment. General spatial representation strategies 
might be related to cognitive style (e.g., egocentric strategy might be 
related to verbal cognitive style; an allocentric “mental map” strategy 
might be related to spatial visual cognitive style).

Following this, in two studies, we aimed to investigate whether the 
mental representation of route information extracted from maps (Study 
1) or performance in subsequently tracing the route in a virtual envi
ronment (Study 2) is associated with individuals' preferred cognitive 
style, taking into account perspective taking ability and spatial 
strategies.

1.1. Cognitive style

The term cognitive style refers to relatively stable attitudes, prefer
ences, and habitual strategies that influence how individuals acquire 
and process information, as well as how they perceive, remember, think, 
and solve problems (Ausburn & Ausburn, 1978; Messick, 1976; Witkin 
et al., 1977). Recent research suggests that cognitive style reflects 
environmentally sensitive individual differences in cognition, influ
enced by various environmental factors, including family, education, 
and cultural institutions (Kozhevnikov et al., 2014; Moskvina & 
Kozhevnikov, 2010).

While cognitive styles and cognitive abilities are related and can 
influence one another (Choi & Sardar, 2011), they are distinct constructs 
(Messick, 1976). Cognitive abilities represent innate capacities, such as 
memory, attention, and problem-solving, that remain relatively stable 
over time. In contrast, cognitive styles refer to individuals' preferred 
methods of processing information (Mayer & Massa, 2003). Cognitive 
styles can act as predictors of performance by influencing how in
dividuals approach tasks, but they do not reflect one's cognitive capacity 
(Kozhevnikov, 2007). In other words, cognitive abilities determine what 
individuals can do, whereas cognitive styles define how they prefer 
doing it.

1.2. Visual-verbal cognitive style dimension

One commonly investigated cognitive style dimension is the visual- 
verbal cognitive style. Visualizers tend to rely on imagery and spatial 
representations, while verbalizers primarily process information 
through verbal or linguistic codes (Paivio, 1971; Richardson, 1977). 
This dimension is rooted in dual-coding theory (Paivio, 1971), which 
proposes distinct systems for processing visual and verbal information 
(Cuevas & Dawson, 2018). Blazhenkova and Kozhevnikov (2009)
further refined this model by distinguishing between object and spatial 

visualizers, where object visualizers focus on vivid, detailed images of 
individual objects, and spatial visualizers excel in mentally manipu
lating spatial relationships. Additionally, according to this model, peo
ple are not categorized as visualizers or verbalizers; instead, each person 
prefers different information processing formats (verbal, object imagery, 
and spatial imagery) in different proportions.

Neurological studies support these cognitive style distinctions. 
Kraemer et al. (2009) found that visualizers activate the fusiform gyrus, 
a region associated with pictorial encoding, while verbalizers engage the 
supramarginal gyrus, linked to phonological processing. This demon
strates that modality-specific brain regions are involved in visual and 
verbal cognitive processing. Furthermore, research by Shin and Kim 
(2015) using fMRI revealed that individuals with a stronger preference 
for verbal cognitive style exhibit greater neural activation during con
flict adaptation in specific brain regions (particularly the left dorsolat
eral prefrontal cortex, left fusiform gyrus, and left precuneus) involved 
in conflict resolution, suggesting that people with verbal cognitive style 
engage more top-down control to suppress their tendency to process 
distracting verbal information.

Eye-tracking research has also shed light on how cognitive style re
lates to visual attention during learning tasks. Visualizers tend to focus 
more on images, while verbalizers allocate their attention primarily to 
text (as cited in Bendall et al., 2016). Further studies show distinct eye- 
movement patterns based on scores on the visual-verbal dimension, with 
visualizers displaying more dispersed gaze patterns, reflecting their 
tendency to process spatial information (Höffler et al., 2017; Koć- 
Januchta et al., 2017). These findings suggest that learners are more 
likely to select instructional materials that align with their cognitive 
style, optimizing their learning experience by reducing cognitive load 
(Alhathli et al., 2018).

Even though people prefer style-relevant information, this does not 
mean that they ignore style-irrelevant stimuli. Massa and Mayer (2006)
found that learners differ in their preferred and self-reported styles 
(verbal vs. visual), and learners tend to select additional information in a 
multimedia learning environment accordingly. However, customizing 
multimedia instruction to those styles did not enhance learning out
comes (Massa & Mayer, 2006). Kraemer et al. (2009, 2014) observed 
that when information is presented in a way that does not align with an 
individual's preferred modality, they tend to re-process it in a way that 
suits their preferred style. This does not mean strategies aligned with the 
non-preferred modality are entirely ignored, but they are less likely to be 
used. For example, a visualizer is more inclined to select visual infor
mation over verbal content when both options are available. If no choice 
is provided, they may transform verbal information into a visual form. 
This adaptability reflects the idea that individuals demonstrate consid
erable flexibility, often switching between different cognitive styles 
depending on the context (Kozhevnikov, 2007).

1.3. Cognitive style and spatial learning

Investigating cognitive style in wayfinding, navigation, and orien
tation is important for understanding how individuals differ in pro
cessing spatial information. In the context of spatial navigation and 
wayfinding, test tasks can differ substantially in their informational 
demands, with some requiring predominantly verbal processing and 
others relying more heavily on visual-spatial processing. Tasks such as 
recalling the names of landmarks, streets, or districts, following verbal 
route instructions, or communicating directions using structural or lin
guistic cues primarily depend on verbal abilities. In contrast, tasks that 
involve maintaining orientation while moving, updating one's position 
relative to key locations, or forming and using a mental representation of 
the environment—such as a cognitive map—are inherently spatial in 
nature and place greater demands on visual-spatial processing. Thus, the 
cognitive demands of navigation tasks are not uniform, but rather vary 
in the extent to which they engage verbal versus spatial resources. 
Therefore, visual-verbal cognitive style might impact how people select 
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and process spatial navigation and wayfinding information.
There are a few studies focusing on the relationship between visual- 

verbal cognitive style dimension and spatial navigation. Bocchi et al. 
(2018) investigated how individual differences in cognitive style relate 
to the way they describe the routes. They asked participants to complete 
two tasks: a visual path task, which involved reordering landmark im
ages based on an imagined route between two city landmarks, and a 
verbal path task, requiring participants to verbally describe specific 
routes between landmarks, providing spatial details like landmarks, 
turns, and distances. They observed that even though cognitive style did 
not significantly relate to the accuracy in the visual task because of high 
performance, it influenced verbal task performance. Verbalizers were 
more likely to include distance-related information in their descriptions, 
while visualizers provided fewer such indicators, possibly relying more 
on visual-spatial cues. These findings highlight how cognitive style can 
can be related to the way people describe the routes.

In another study, Kraemer et al. (2017) explored how verbal and 
visual cognitive strategies relate to the encoding and recall of spatial 
information in a virtual environment. Using two experiments, the au
thors examine the impact of individual differences in cognitive style and 
the influence of task instructions on participants' memory for landmarks 
and spatial orientation. In the first experiment, self-reported cognitive 
styles (verbal or visual) were found to predict task performance: verbal 
strategies facilitated better landmark recognition, while visual strategies 
enhanced judgments of relative direction between landmarks. The sec
ond experiment manipulated task instructions to explicitly encourage 
either a verbal or a visual strategy. The results showed that verbal in
structions improved landmark memory, whereas visual instructions 
enhanced performance in spatial orientation tasks. Importantly, task 
instructions were found to be more influential than individual cognitive 
styles, suggesting that cognitive strategies are flexible and can be guided 
by external cues.

Besides those studies focusing on route memory and route descrip
tion, Pazzaglia and Moè (2013) investigated the influence of cognitive 
styles and mental rotation ability on map learning. Participants studied 
two maps: one rich in visual features and another rich in verbal labels. 
Results indicated that mental rotation ability significantly predicted 
performance across both maps, highlighting the role of spatial process
ing in map learning. Cognitive styles also showed differential patterns 
depending on map characteristics. Spatial cognitive style facilitated 
learning of the visually complex map but was negatively related to 
learning of the verbally rich map. Conversely, verbal cognitive style 
improved performance on the verbally rich map. Moreover, cognitive 
styles had an influence beyond mental rotation ability. The findings 
underscore the interaction between cognitive styles and map features, 
suggesting that map learning might be associated with the alignment of 
cognitive strategies with map content.

1.4. Navigational map-based route learning

As described above, research suggests that cognitive style is associ
ated with how people describe routes, what kinds of spatial information 
they retain best, and which map characteristics they tend to learn more 
easily. Relatedly, cognitive style could also be associated with naviga
tional map-based route learning. Navigational map-based route learning 
is a paradigm that involves encoding route information depicted on a 
map and subsequently navigating the route from memory. It provides 
insights into the map-reading process and mental representations of 
routes (Fehringer et al., 2025; Dedetaş Şatır et al., 2026). Although 
people look at digital maps in everyday wayfinding and extract route 
information from map-based navigation assistance displays, an explicit 
learning of a complete route is not a very common task, and individuals 
differ in the ways in which they perform the task.

According to spatial knowledge frameworks, route knowledge en
ables navigators to travel the same way again, and it involves the or
dered sequence of egocentric associated cue–action pairs to reach a 

destination (e.g., “at the cinema, turn right”, Gillner & Mallot, 1998; 
Golledge, 1991; Thorndyke & Hayes-Roth, 1982). Landmarks (places or 
objects) can be used to remember turning actions at intersections, which 
involves an associative cue strategy (Waller & Lippa, 2007) as a form of 
stimulus-response learning (Trullier et al., 1997). Therefore, converting 
the route information from a map to route knowledge may involve 
representing cue-action associations in the correct order. Thus, consid
ering the frameworks of spatial knowledge, converting route informa
tion that is given on a map into cue-action pairs might ease route 
memorization and recall; therefore, memorizing a route utilizing cue- 
action pairs may increase navigation performance.

In navigational map-based route learning, the route information is 
presented in a visual format, embedded in a map, which makes the 
learning content match the preference of visualizers (object visualizers). 
However, transforming the visual map-based route information into the 
verbal code might contribute to an efficient memory representation, for 
a number of reasons.

First, verbal denotations of cue-action pairs are very common as 
route information is communicated verbally among individuals (e.g., 
“when you have passed the gas station on the left, turn right into 51 East 
Street”). It is also provided as verbal commands by navigation assistance 
applications, and as verbal lists of cue-action pairs (in addition to map- 
based depictions of routes) by the internet-based route planners.

Second, verbalization of cue-action pairs contributes to the inevi
table process of transforming the allocentric map information into the 
egocentric, ground-level perspective. During verbalization of a cue- 
action pair at a relevant decision point, a possible misalignment in the 
visual depiction of a route will be resolved to form the correct verbal 
cue-action command.

Additionally, verbalization helps memorization by easing rehearsal 
and leading to dual coding in memory as the original visual map in
formation is encoded additionally in the verbal code. Furthermore, 
verbalization of the ordered sequence can support finding ways to 
compile parts of the route into simpler information, such as “go straight 
at all following intersections until the T-intersection”. Finally, it has 
been demonstrated with the navigational map-based route learning 
paradigm that a map reading and route learning strategy instruction 
involving verbalization was effective (Fehringer et al., 2025).

For those reasons, converting the visual information into verbal 
commands might be advisable. As noted above, when information is 
presented in a code that does not match an individual's preferred style, 
they often reprocess it to fit their preferred cognitive approach (e.g., 
Kraemer et al., 2009, 2014). Therefore, verbalizers might attempt to 
convert the visual map information to verbal commands and might 
benefit from the verbalization based on the reasons given above. In 
contrast, object visualizers might attempt to store a mental visual image 
of the map in their memory. The visual format of the presented map 
might appear to match their preferred visual cognitive style, and 
therefore, they would not attempt to transform the visual information 
into a specific verbal route information format. Finally, individuals with 
a preference for spatial-visual information might recognize spatial re
lations within the map-based information. They might prefer to analyze 
and memorize spatial structural features, such as spatial areas or ele
ments that divide the environment into meaningful units and spatial 
relations between important places. For them, the route might connect 
spatially meaningful and related places and areas. Thus, individuals 
with different cognitive styles would end up with different memory 
representations of the studied map.

1.5. The present study

The present study examines the role of cognitive style in navigational 
map-based route learning, where individuals learn route information 
from a digital map to navigate it from memory later. Study 1 focuses 
only on the map-based route learning part of this paradigm, in which the 
route information learned from a map is tested with different 
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representation formats, and Study 2 tests the route information learned 
from a map with a wayfinding scenario, in which the learned route has 
to be navigated from memory in a virtual environment.

Study 1 aims to test different memory representations in targeted 
ways by using different test formats. Previous research on cognitive style 
has often focused on matching the type of learning material to partici
pants' style preferences. However, as explained above, cognitive style 
refers not only to a preference to select specific learning materials but 
also to enduring individual differences in how information from a given 
material is processed (Mayer & Massa, 2003). This means that cognitive 
style might impact the representation of the information; therefore, the 
memory performance might be affected by the way information is tested 
(e.g., code, format of the test). Visualizers might perform better at tests 
that require visual information, and verbalizers might perform better at 
tests that require verbal information.

This approach is grounded in the transfer-appropriate processing 
principle (e.g., Morris et al., 1977), which posits that learning perfor
mance improves when the format of retrieval (test) matches the format 
of encoding (learning). Based on this principle, it can be assumed that if 
individuals differ in their preferred mode of mental representation, then 
their performance might be improved when the test format aligns with 
their preferred representational style.

With this broader understanding, and recognizing that the same 
route information can be encoded and represented in multiple formats 
(e.g., as verbal directions, visual imagery, or spatial layouts, see above), 
we chose not to manipulate the learning materials. Instead, we kept the 
learning material similar and constructed different test tasks to reflect 
distinct representational formats—verbal, object visual, and spatial vi
sual. In this sense, this study is novel in how it approaches the construct 
of cognitive style, as it examines whether the resulting mental repre
sentation of route information extracted from maps is associated with 
cognitive style.

To sum up, in Study 1, the aim was to understand whether people 
retrieve the route information better in their preferred way of processing 
information. Therefore, route learning was tested with different types of 
tasks, corresponding to each cognitive style dimension (verbal, object 
visual, and spatial visual). Study 2 involved a complete navigational 
map-based route learning paradigm (Fehringer et al., 2025; Dedetaş 
Şatır et al., 2026), in which route learning was tested with an actual 
navigation task in a virtual environment.

Because route learning from maps is a complex process subject to 
various individual differences (see above), a more accurate assessment 
of the unique contribution of cognitive style is possible when other 
factors are accounted for. Therefore, spatial abilities and spatial strate
gies are also included in this study. Specifically, this exploratory 
approach examines how perspective-taking ability and spatial strategies 
relate to cognitive style dimensions and task performance to have a more 
comprehensive and systematic investigation of the relationships among 
factors involved in map-based route learning.

2. Study 1

Participants were asked to study a route depicted on a map as if they 
were preparing to navigate it, allowing them to encode the information 
using their preferred representational strategies. Their memory for the 
route was then assessed. This procedure was repeated three times, each 
with a different route depicted on a map of similar style and complexity. 
However, tests were different in each cycle. Each test targeted a different 
cognitive style dimension by requiring distinct retrieval formats. This 
design enabled us to examine whether task performance varied as a 
function of the alignment between test format and participants' 
preferred cognitive style, while maintaining consistency in the learning 
materials.

As outlined above, we expected individuals to perform better when 
the test material corresponds to their preferred cognitive style. The ones 
with a higher preference to represent information visually (object 

visualizers) were expected to perform better at a test that requires the 
recognition of visual changes to route information in a map. Accord
ingly, we expected individuals with a higher preference to represent 
verbal information to perform better in a verbal route-recall task, and we 
expected individuals with a stronger tendency to represent spatial in
formation to perform better on tests requiring assessment of spatial re
lations derived from the original map.

All in all, it was expected that preferences in each cognitive style 
dimension would predict the corresponding test performance. Following 
the most recent model of visual-verbal cognitive style (Blazhenkova & 
Kozhevnikov, 2009), we view cognitive style as a continuous, multi- 
dimensional construct. Based on this rationale, we formulated the 
following hypotheses: 

H1.1. Higher scores on the verbal dimension of cognitive style are 
expected to predict better performance on the verbal task.

H1.2. Higher scores on the object visual dimension of cognitive style 
are expected to predict better performance on the object visual task.

H1.3. Higher scores on the spatial visual dimension of cognitive style 
are expected to predict better performance on the spatial visual task.

In addition to our main aim, we also measured the spatial abilities of 
perspective taking ability (PTA) together with spatial strategies to have 
a more comprehensive understanding of the factors involved in the map- 
based route learning performance. We aimed to explore the contribution 
of each factor. However, because the spatial visual test we developed is 
very similar to the measure of PTA (Spatial Orientation Test, SOT, 
explained in the methods section) in nature, and requires perspective 
taking ability, we expect that SOT would predict the performance of the 
spatial visual task (H2).

Moreover, we developed a question to measure retrospective sub
jective map learning strategies, representing how people reflect on their 
own map-reading strategies (verbal, pictorial, or spatial encoding). This 
refers to the three possible representation formats of the route infor
mation corresponding to each cognitive style dimension (verbal, as a 
mental image, and as a spatial representation). We expected that each 
reported retrospective subjective map learning strategy would correlate 
with the corresponding cognitive style dimension (H3).

In addition to these, we aimed to exploratorily analyze how cognitive 
style, perspective taking ability, and spatial strategies correlate with one 
another and with the test performances.

2.1. Method

2.1.1. Participants
An a priori power analysis for simple linear regression with an ex

pected medium effect size and 90% statistical power resulted in a sample 
size of 59 participants. Considering counterbalancing conditions due to 
using different maps and tasks in a within-design, we aimed for a sample 
size of 72 participants.

Eighty (Mage = 21.86, SDage = 2.3, 56 female, 24 male) students of a 
German university participated in the study and received course credits 
as compensation. Data from nine participants were lost because of 
technical problems during data collection. Another participant was 
eliminated because of very low performance in the spatial visual task. 
According to the criteria suggested by Leys et al. (2013) for normally 
distributed samples, this performance affected the distribution. The 
analyses were conducted with 70 participants (47 female, 23 male).

2.1.2. Materials
OSIVQ. The OSIVQ questionnaire (Blazhenkova & Kozhevnikov, 

2009) is a subjective measure with 45 items measuring three different 
cognitive styles (object, spatial, and verbal). Fifteen of the items assess 
object-visual cognitive style (e.g., “My mental pictures are very detailed 
precise representations of the real things”), 15 of them assess spatial- 
visual cognitive style (e.g., “My images are more like schematic 
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representations of things and events”), and the remaining 15 items 
assess verbal cognitive style (e.g., “Putting together furniture kits (e.g. a 
TV stand or a chair) is much easier for me when I have detailed verbal 
instructions than when I only have a diagram or picture.”). Participants 
are asked to read each statement and rate it on a 5-point scale with “5” 
indicating absolute agreement with the statement and “1” indicating 
absolute disagreement. The original version of this questionnaire is in 
English language. A shortened German version of this questionnaire was 
used by Höffler et al. (2017). We used the German items from this 
shortened version and translated the remaining items in addition, thus 
utilizing the complete scales. Back translation was applied to check for 
possible discrepancies. Scores for verbal, object, and spatial styles are 
calculated by averaging the 15 ratings in each domain. The internal 
reliability (Cronbach's alpha) of the verbal, object, and spatial scales are 
0.74, 0.83, and 0.79, respectively (Blazhenkova & Kozhevnikov, 2009).

Perspective Taking Ability Test. Hegarty and colleagues (Hegarty & 
Waller, 2004; Kozhevnikov & Hegarty, 2001) developed a paper-and- 
pencil measure of spatial perspective-taking ability known as the 
Spatial Orientation Test (SOT). In this task, participants view a map-like 
configuration of objects and are instructed to imagine themselves posi
tioned at one object, facing a second. From this imagined perspective, 
they are then asked to indicate the direction of a third object by drawing 
a line from the center of a circle towards the correct direction.

Performance is evaluated based on the angular deviation between 
the participant's response and the correct direction. The test includes 12 
items, all based on the same spatial layout. The mean angular error 
across items provides an index of spatial perspective-taking ability, with 
higher errors reflecting lower ability. A computerized version of the SOT 
was later introduced by Friedman et al. (2020). For the present study, 
this version was translated into German and implemented in PsychoPy 
(Peirce et al., 2019).

Spatial Strategies (German Fragebogen Räumliche Strategien, FRS). This 
is a self-report measure developed by Münzer and Hölscher (2011, also 
see Münzer et al., 2016;) that reflects environmental spatial strategies. It 
includes three factors: the “global/egocentric orientation” scale (10 
items) comprises indicators of general ability and egocentric strategies 
which are based on knowledge of directions and knowledge of routes (e. 
g., “In an unknown city, I usually know from which direction I came 
from and in which direction I am going.”); the allocentric “survey” scale 
(7 items) comprises indicators of mental map formation (e.g., “If 
somebody were to ask me for directions in my hometown, I would pic
ture a town map and describe the route based on that map.”); the 
“cardinal directions” scale (2 items) comprises indicators of knowledge 
of cardinal directions (e.g., “I can spontaneously point towards north, 
south, east, and west.”). Participants are asked to rate items on a 7-point 
scale with “7” indicating absolute agreement with the statement and “1” 
indicating absolute disagreement. Construct validity of the dimensions 
was demonstrated using confirmatory factor analysis, and the reliability 
of each of the scales (Cronbach's α) is higher than 0.90 (Münzer et al., 
2016). This questionnaire was originally developed in German.

Learning materials: Maps with routes. Two maps were prepared for a 
warm-up task, and three maps were prepared for the main experiment. 
The visual appearance of the maps resembled typical simple designs of 
dynamic digital maps, such as those shown by navigation assistance. A 
route was depicted on each map with icons denoting the start point and 
the end point of the route. The route was aligned with the reader's 
perspective. Alignment means that the route started in the south with 
the initial direction towards north, because navigators can easily inter
pret “up” in the allocentric map perspective as “in front” or “straight” in 
the egocentric perspective.

Along the routes, there were five landmarks: one of them was the 
start landmark, another one was the destination, and three of them were 
at the decision points, two of which included turning decisions. There 
were four additional landmarks on the map that are not related to the 
route. The experimental maps were designed as similar to one another as 
possible. The maps of the warm-up task were designed following the 

same principles, but they were simpler than the experimental maps (i.e., 
shorter routes, fewer decision points). The maps can be found in Fig. 1.

Verbal Route Recognition Test. Participants were asked to remember 
the route they had learned from the map in the correct order and to 
recognize and assess cue-action association pairs at decision points in 
verbal form. This form corresponds to route knowledge in spatial 
cognition frameworks (described above) and is therefore regarded as an 
efficient and appropriate format to store route knowledge in memory. 
We presented the steps of the route verbally (e.g.: “Right after the post 
office, turn right.”) written on the computer screen, and asked partici
pants to decide whether the presented step was correct or not by 
pressing the keys “Y” or “N”. We presented the route steps one by one 
and sequentially, from the start to the end of the route. There were six 
steps for the participants to assess, and half of them contained the cor
rect information. It was determined by randomization which step 
included the correct information. Therefore, for each step, we prepared 
one correct and one incorrect option. One of them was presented in a 
way to make the answer to half of the questions correct. Participants had 
30 s maximum to answer each question. The number of correct answers 
and the response time for each question were measured. The ratio of the 
correct answers to the theoretical maximum (6) is calculated as the 
performance. This verbalized route recognition test corresponds to the 
Verbal Cognitive Style.

Object Visual Change Detection Test. In this test, participants had to 
detect visual changes made to the original studied maps. Participants 
were presented with the map that they had studied before. However, 
some changes were made to the information on that map, and partici
pants were asked to mark the changed information. They had a 
maximum of three minutes to complete the task. The number of correct 
identifications and the overall duration of the test were measured. The 
ratio of the correct answers to the theoretical maximum (5.5) is calcu
lated as the performance. This test was conducted in a paper-and-pencil 
format. The modified map was printed and given to the participants, and 
they marked changes with a pencil. Five modifications were made 
following the rules below: 

1. One leg of the route was changed.
2. The place of one on-route landmark was changed with the modifi

cation made for the route leg.
3. Another on-route landmark located along the unchanged segment of 

the route was relocated to a different position on the route.
4. One landmark along the route was replaced by another landmark 

that was not present on the study map, and the legend was updated 
accordingly.

5. An off-route landmark was relocated to a new off-route location.

Fig. 2 shows modified maps for the Object Visual Test. The visual 
change detection test corresponded to the Object Visual Cognitive Style.

Spatial Visual Pointing Test. We asked participants to imagine them
selves walking the route. When passing a specific landmark along the 
route, we asked them to point to another specific landmark (see Fig. 3). 
As a cue to remind them of their orientation in that situation, we pro
vided an image representing their imagined position and orientation. As 
can be seen in Fig. 3, the green arrows both in the cue image and in the 
circle represented their orientation, and they were asked to point to the 
landmark with the black line. The black line started from the center of 
the circle, and its end was set with the computer mouse. After partici
pants set the line pointing to the landmark in question, they submitted 
their answer by pressing the “Enter” key. There were five consecutive 
questions, four of which asked for the position of another landmark 
along the route, and one of them asked for a landmark outside of the 
route. For each question, participants had 30 s to answer. To prevent 
them from making up answers, we allowed them to skip the question if 
they had no idea about the answer. Angular differences from the correct 
answer and the response times were measured for each question. Per
formance was calculated as 1 minus the ratio of the average angular 
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difference to the theoretical maximum difference (180◦), so that higher 
scores indicate better performance. This was a pointing test corre
sponding to the Spatial Visual Cognitive Style.

Another measure is computed to account for missing trials by 
assigning them an angular error of 90 degrees, reflecting chance-level 
performance. All analyses were conducted using both scoring ap
proaches. Since the results were consistent across the two measures, the 
manuscript reports the mean score based on the actually completed 
trials for all participants.

Warm-Up Task. This task was designed to make participants familiar 
with studying route information on a map. Two maps were prepared, 
including a predefined route and landmarks (Fig. 1 above). In the first 
cycle, one of the maps was presented for 50 s, and participants were 
asked to learn the route and landmark information. Then, they per
formed a 60-s distractor task in which they were supposed to decide if 
some math equations were correct or not. Lastly, they were given the 
same map printed on paper without the route and were asked to draw 
the route. In the second cycle, they were presented with the second map 
for 50 s and asked to learn its content as they did in the first task. Then, 
they performed the same distractor task with different equations. After 
the distractor task, they were given the second map, this time without 
the landmarks, and were asked to place landmarks in the correct places. 
The tasks are presented in Fig. 4. With the warm-up tasks, we wanted 
participants to experience route learning from these kinds of digital 
maps and to understand that landmark and route information would be 
important for the main study. The task was prepared in PsychoPy (Peirce 
et al., 2019).

Retrospective Subjective Map Learning Style Judgement. This subjective 
rating was thought of as a retrospective measurement of memorization 

strategies that the participants utilized. Participants were told that there 
were three common ways to learn the route information from a map: 
verbally memorizing the route, remembering it as a picture, or learning 
the spatial relations of the landmarks. We also informed them that each 
person can use all three ways to some extent. Then, we asked them to 
think about their own experience during the experiment and indicate 
how many percent they think they used each strategy. The answers 
needed to sum up to 100.

2.1.3. Procedure
All experimental procedures were in accordance with the ethical 

standards of the institutional or national research committee and with 
APA's ethics code. As the studies complied with the standards defined in 
the statutes of the university's Ethics Committee, no ethics approval was 
required under the committee's regulations.

After signing the informed consent for voluntary participation, par
ticipants began the study with the warm-up tasks. To minimize potential 
interference effects of the warm-up maps on the test maps, the SOT 
Perspective Taking test was administered before the main study. With 
the practice trials, it took five to seven minutes. After these tests, the 
study started.

The study consisted of three distinct phases for each map: map 
reading, distractor, and test. Firstly, they studied the map for 50 s while 
their gaze patterns were recorded; however, these data are not the focus 
of this paper. Then, they performed the distractor task for 40 s, which 
was the same task used in the warm-up task, each time with different 
calculations. The duration of the study and distractor phases was 
decided after a pilot study to make the difficulty optimal. After the 
distractor task, the test task was explained to the participant, and they 

Fig. 1. Maps used in Study 1 
Note. The figure shows the maps used in the study. The two maps at the top were used in the warm-up task. The three maps below were used in the actual study.
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Fig. 2. Object visual change detection test materials 
Note. The changes made in the maps are marked with “x”. Participants were asked to detect those changes.

Fig. 3. Spatial visual pointing test trial 
Note. The figure shows an example question of the spatial visual pointing test. On the top is the question item, the circle in the middle is the answer wheel on which 
the yellow arrow presents the current orientation, and the black line is used to indicate the answer. A cue is also displayed to the left to illustrate the orientation 
considered in the question. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. Warm-up task materials 
Note. The figure presents the maps used in the warm-up task. The figures on the left (a and c) are the study maps, and the figures on the right (b and d) are the test 
maps. In the first cycle (a and b), participants were asked to draw the route, whereas in the second cycle (c and d), they were asked to place the landmarks.
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were tested on their memory of the map they studied in the study phase 
with this task. This map-reading, distractor, and test cycle was per
formed three times, and in each cycle, the map, distractor equations, and 
the test task changed. The illustration of one cycle is presented in Fig. 5.

Each participant was thus tested tree times with the three different 
test tasks corresponding to the three cognitive styles (within-design). 
Initially, participants were not told about the specifics of the test tasks. 
They were informed that the memory test would be different in each 
cycle. Therefore, participants studied the map without knowing how 
their memory would be tested in order not to interfere with their map- 
reading strategy. Participants were generally instructed to memorize 
the map in the best way possible, as if they would follow the route from 
their memory later. In each cycle, participants were informed about the 
specific test task right before the test, i.e., after the distractor phase 
(Fig. 5).

To address potential biases associated with the order of task pre
sentation, we carefully counterbalanced the task sequence among par
ticipants, and to prevent a possible effect arising from the pairing of 
specific maps with particular tests, each test was prepared for each map. 
The map-task match, along with their order, was thus counterbalanced 
across participants. Since there can be six different map-task combina
tions, and within each combination, tasks can be presented in six 
different orders, there were 36 different conditions regarding order and 
map-task combinations.

After the main experiment, participants retrospectively reported 
their subjective map learning strategies, completed the OSIVQ Cognitive 
Style and FRS Spatial Strategies Questionnaires, and were asked for their 
demographic information.

2.1.4. Transparency and openness
This study's design, hypotheses, and analysis plan were preregis

tered. Study materials, data, and analyses have been made publicly 
available at the Open Science Framework and can be accessed at 
https://osf.io/q4y79/files/osfstorage?view_only=eaf617ee5e204 
8b0b3e7b56a0d1e2438.

2.2. Results

2.2.1. Performance across maps
Three Bayesian one-way ANOVA analyses were conducted to 

examine whether performances in each task differed across maps. Map 
(three levels: Map 1, Map 2, and Map3) was the independent variable, 
and task performance was the dependent variable for each analysis.

The analysis on the verbal task performance provided moderate ev
idence in favor of the null model over the model including map as a 
factor, BF₁₀ = 0.16, indicating that the data were approximately 6.42 
times more likely under the null hypothesis than under the alternative 
hypothesis. The posterior probability of the null model was 0.87. Post 
hoc comparisons likewise yielded Bayes factors ranging from 0.29 to 
0.41, providing no evidence for pairwise differences between maps. 
Descriptive statistics showed comparable performance across Map 1 (M 
= 0.71, SD = 0.19), Map 2 (M = 0.67, SD = 0.26), and Map 3 (M = 0.65, 
SD = 0.20). Together, these findings suggest that verbal performance did 
not differ meaningfully across maps.

The analysis on the object visual task performance provided 

moderate evidence in favor of the null model over the model including 
map as a factor, BF₁₀ = 0.24, indicating that the data were approximately 
4.15 times more likely under the null hypothesis than under the alter
native hypothesis. The posterior probability of the null model was 0.81. 
Post hoc comparisons yielded Bayes factors ranging from 0.32 to 0.60, 
providing no evidence for pairwise differences between maps. Descrip
tive statistics showed comparable performance across Map 1 (M = 0.69, 
SD = 0.17), Map 2 (M = 0.67, SD = 0.20), and Map 3 (M = 0.62, SD =
0.20). Overall, these findings suggest that object visual task performance 
did not meaningfully differ across maps.

The analysis on the spatial visual task performance, however, pro
vided strong evidence in favor of the model including map as a factor 
over the null model, BF₁₀ = 29.38, indicating that the data were 
approximately 29 times more likely under the alternative hypothesis 
than under the null hypothesis. The posterior probability of the model 
including map was 0.97. Post hoc comparisons revealed strong evidence 
for differences between Map 2 and Map 1 (BF₁₀ = 17.53) and between 
Map 1 and Map 3 (BF₁₀ = 19.12). In contrast, there was anecdotal evi
dence against a difference between Map 2 and Map 3 (BF₁₀ = 0.31). 
Descriptive statistics indicated lower performance on Map 1 (M = 0.67, 
SD = 0.12) compared to Map 2 (M = 0.78, SD = 0.11) and Map 3 (M =
0.79, SD = 0.12). Together, these findings provide evidence that spatial 
visual performance differed across maps, primarily due to reduced 
performance on Map 1.

To control for possible map effects, map-task match was counter
balanced across participants, and “map” was added as a control variable 
to the analyses.

2.2.2. Descriptives
Table 1 shows descriptive statistics for three performance measures, 

SOT angular error (PTA), OSIVQ Cognitive Style, and FRS spatial stra
tegies measures.

2.2.3. Cognitive style and task performance
To test hypothesis 1.1, in which we expected verbal cognitive style to 

predict the performance of the verbal route memory task, we regressed 
the verbal measure of the OSIVQ on the verbal task performance, con
trolling for the map used in the task. The largest Variance Inflation 
Factor (VIF) value observed was 1.01 (lower than the suggested 
threshold VIF > 5, e.g.: James et al., 2013; Menard, 2001), and the 
maximum Cook's distance observed was 0.13. The results revealed that 
the verbal subscale of the OSIVQ was not a significant predictor of verbal 
route knowledge performance, ß = 0.03, SE = 0.038, 95% CI [− 0.22, 
0.27], t = 0.235, p = .815. Therefore, hypothesis 1.1 was not supported.

To test hypothesis 1.2, where we expected to observe that object 

Fig. 5. One cycle of the study.

Table 1 
Descriptive results for each measured variable of Study 1.

Variable Mean Standard deviation Skewness Kurtosis

Perf. verbal 0.67 0.22 − 0.16 − 0.76
Perf. object 0.66 0.19 − 0.43 − 0.34
Perf. spatial 0.75 0.13 − 0.31 − 0.92
OSIVQ verbal 3.13 0.69 − 0.26 − 0.07
OSIVQ object 3.32 0.53 − 0.54 0.60
OSIVQ spatial 2.73 0.62 0.14 − 0.33
SOT 37.10 25.70 1.23 1.01
Subjective verbal 23.50 18.20 0.81 0.44
Subjective object 58.20 19.50 − 0.24 − 0.49
Subjective spatial 18.30 16.60 1.44 2.82
FRS-EGO 4.33 1.46 − 0.21 − 0.82
FRS-MM 3.56 1.36 0.19 − 0.54

Note. The table presents the descriptive results of the measures. For the verbal, 
object, and spatial tests, the accuracy is calculated and reported to represent task 
difficulty across tasks. The performance ranges from 0 to 1, with higher scores 
indicating better performance. For the Spatial Orientation Test (SOT), perfor
mance might range from 0 to 180, with higher scores indicating lower perfor
mance. Scale ranges for OSIVQ and FRS are 1–5 and 1–7, respectively.
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visual cognitive style predicts the performance of the object visual task, 
we regressed the object visual measure of the OSIVQ on the object task 
performance by controlling for the map used. The largest Variance 
Inflation Factor (VIF) value observed was 1.02 (lower than the suggested 
threshold VIF > 5, e.g.: James et al., 2013; Menard, 2001), and the 
maximum Cook's distance observed was 0.11. Results indicated that 
object visual cognitive style was not a significant predictor of object 
visual task performance, ß = − 0.212, SE = 0.043, 95% CI [− 0.454, 
0.02], t = − 1.755, p = .084. Therefore, hypothesis 1.2 was not 
supported.

To test hypothesis 1.3, where we expected to observe that spatial 
visual cognitive style predicts the performance of the spatial visual 
pointing test, we regressed the spatial visual measure of the OSIVQ on 
the spatial visual pointing test performance by controlling for the map 
used. The largest Variance Inflation Factor (VIF) value observed was 
1.00 (lower than the suggested threshold VIF > 5, e.g.: James et al., 
2013; Menard, 2001), and the maximum Cook's distance observed was 
0.10. As in the other analyses, we did not observe a significant pattern, ß 
= 0.12, SE = 0.023, 95% CI [− 0.09, 0.34], t = 1.103, p = .274. There
fore, hypothesis 1.3 was not supported.

2.2.4. Perspective taking ability
To test hypothesis 2, where we expected to observe that perspective 

taking ability (PTA) predicts performance in the spatial visual task, we 
regressed SOT (as a measure of PTA) scores on spatial visual pointing 
test performance. The largest Variance Inflation Factor (VIF) value 
observed was 1.00 (lower than the suggested threshold VIF > 5, e.g.: 
James et al., 2013; Menard, 2001), and the maximum Cook's distance 
observed was 0.06. We observed that SOT significantly predicted the 
performance on the spatial visual task, F(1, 68) = 4.85, R2 = 0.06, ß =
− 0.258, SE = 0.00058, 95% CI [− 0.49, 0.02], t = − 2.20, p = .031, 
indicating that increased perspective taking ability was associated with 
increased task performance. Therefore, hypothesis 2 was supported.

2.2.5. Retrospective subjective map learning style
To test hypothesis 3, we tested whether OSIVQ cognitive style scores 

are associated with the retrospective subjective map learning pattern. 
We correlated each OSIVQ cognitive style dimension score with the 
percentage score given by participants for the corresponding subjective 
map learning type (measured as retrospective self-reports of verbal, 
spatial, and pictorial learning). We did not observe any significant 
relationship (for verbal style r = 0.09, p = .43; for spatial visual style r =
0.132, p = .276; for object visual style r = 0.169, p = .162). Therefore, 
hypothesis 3 was not supported.

2.2.6. Exploratory analysis
Preferred Subjective Map Learning Style. In order to gain insights 

into how people report their way of processing map information, a 
within-subjects ANOVA was conducted with three conditions of the map 
learning style factor: pictorial, verbal, and spatial. There was a signifi
cant effect of the map learning style factor, F(2, 138) = 66.80, p < .001, 
η2 = 0.492. Post hoc comparisons using Tukey's test revealed that sub
jective map learning scores for pictorial representation (M = 58.2, SD =
19.5) were significantly higher than both the spatial (M = 18.3, SD =
16.6) and verbal representations (M = 23.5, SD = 18.2). These results 
reflect that people prefer to learn a map as a picture compared to other 
forms of learning.

Predicting Each Test Performance with All Cognitive Style Di
mensions. To test how each test performance is associated with all 
cognitive style dimensions, we run three separate multiple regression 
analyses, one for each test performance, including all three OSIVQ 
cognitive style dimensions as predictors. Performance in object visual 
and spatial visual tests was not significantly predicted by any OSIVQ 
cognitive style dimension, and performance in the verbal test was 
significantly predicted by only the OSIVQ spatial visual dimension, F(1, 
66) = 7.82, ß = 0.35, SE = 0.04, 95% CI [0.1, 0.6], t = 2.8, p = .007.

Exploratory Correlation Table. To understand how cognitive style, 
spatial strategies, and perspective taking ability correlate with one 
another and performance measures, we computed a comprehensive 
correlation matrix (see Table 2).

The spatial dimension of cognitive style correlated positively with 
mental map (r = 0.414, p < .001) and egocentric (r = 0.546, p < .001) 
scales of the FRS, measuring spatial strategies in environments. Spatial 
cognitive style correlated negatively with SOT (which measures errors in 
PTA) (r = − 0.288, p = .016); and correlated positively with the verbal 
performance measure (r = 0.265, p = .027). These correlations show 
that spatial cognitive style is related to environmental spatial strategies, 
to spatial ability, and to verbal route knowledge. In contrast, verbal 
cognitive style and visual object cognitive style did not correlate with 
any of the other measures.

The FRS mental map factor correlated negatively with SOT (r =
− 0.246, p = .043), meaning that the higher the score of the mental map 
strategy, the lower the average angular error in the spatial ability test. 
The FRS egocentric factor correlated positively with the spatial visual 
task performance (r = 0.322, p = .007). The spatial visual task involves 
pointing from the imagined egocentric perspective, which is also 
included in the FRS egocentric factor (items loading on that factor ask 
whether individuals utilize directional knowledge in environments, i.e. 
knowledge of direct spatial relations from the current position and 
orientation to distant places in the environment).

As analyzed above, SOT correlated negatively with spatial (r =
− 0.258, p = .03). In addition, SOT also negatively correlated with verbal 
(r = − 0.24, p = .05) and object visual (r = − 0.3, p = .01) task perfor
mances. SOT measures perspective taking ability, which is involved in 
interpreting the current egocentric orientation at an intersection when 
reading a map. This interpretation is necessary to extract the relevant 
information.

2.3. Discussion

In this study, we investigated the role of cognitive style on route 
learning from maps by focusing on the way people process and represent 
the route information. Thereby, as noted above, we did not manipulate 
the learning material; instead, we changed the test formats that aligned 
with different cognitive style dimensions. We expected to find that if the 
test required information in the preferred format, people would perform 
better because they would have processed and represented the infor
mation corresponding to the preferred style. This would facilitate 
memory retrieval in the corresponding task. However, cognitive style 
dimensions did not predict test performance in the corresponding 
formats.

In addition to measuring cognitive style, we also asked participants 
how they memorized the information presented on the map: verbally, as 
a picture, or spatially. It was observed that those retrospective subjective 
map learning strategies did not correlate with the corresponding 
cognitive style dimension. Exploratory analyses indicated a preference 
for remembering maps as pictures rather than reprocessing the route 
information into verbal or spatial representations. Regardless of their 
cognitive style, people preferred to remember the maps as a picture, as 
the learning materials (maps) are pictures. This might be related to why 
retrospective subjective map learning strategy scores did not correlate 
with the cognitive style dimensions and why cognitive style did not 
predict corresponding test performance. The code and modality of the 
learning material appear to be stronger predictors of the way people 
process the information than individual cognitive style, although the 
learning material was “open” for being processed in different ways.

Even though cognitive style dimensions did not directly predict 
corresponding test performance, exploratory analyses showed that the 
spatial dimension of cognitive style did play a role, as it was related to 
other measures and task performances. Spatial cognitive style correlated 
positively with both factors of environmental spatial strategies (FRS 
mental map scale and egocentric scale). This indicates that the more 
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people score in the spatial cognitive style dimension, the better spatial 
representations they have in different ways (both egocentric and allo
centric). This result is consistent with previous research showing that 
spatial cognitive style is separable, but related to performance in spatial 
tasks and to spatial ability (e.g., Kozhevnikov, 2007; Messick, 1976).

Importantly, spatial visual cognitive style was positively correlated 
with the verbal test performance (i.e., verbal route knowledge). As 
indicated in the method section, this test involved route information as 
verbal condition-action pairs, corresponding to the route knowledge 
defined by spatial information frameworks. Therefore, increased scores 
in the spatial visual cognitive style were found to be associated with 
increased route knowledge. Cognitive style did, apparently, not function 
as an actual processing preference that would result in targeted re- 
processing and transformation of the route information. Instead, the 
only association found was spatial visual cognitive style and route 
knowledge.

The test tasks deployed in Study 1 were specific in their requirements 
for memory retrieval. However, they did not address the realistic 
application of the route information in a wayfinding (navigation) sce
nario. It is possible that cognitive style may influence learning, memory 
representation, and use of the learned route knowledge in different ways 
if tested with an actual navigation task.

3. Study 2

In this study, we aimed to investigate how cognitive style relates to 
learning and using route information from a map for realistic way
finding in a virtual environment. In contrast to Study 1, which was 
guided by specific hypotheses regarding the associations between 
cognitive style dimensions and corresponding performance measures, 
Study 2 was exploratory in nature and aimed to investigate whether any 
cognitive style dimension is related to performance in this realistic 
scenario.

The paradigm has two phases. In the first phase, the route is learned 
by reading the digital map with the given route depicted in it (exactly as 
in Study 1). In the second phase, that route is navigated from memory in 
a virtual environment (replacing specific test tasks of Study 1). Navi
gation performance is measured by the number of turning errors at 
decision points. In contrast to Study 1, the wayfinding scenario re
sembles an application of the learned knowledge, which is more familiar 
to participants, and navigating the route involves procedural skills that 
may not be captured by the dedicated memory retrieval tasks of Study 1. 
Hence, cognitive style can influence performance in different ways. The 
research question is whether the findings of Study 1 would transfer to 
this task or whether cognitive style preferences would be related to 
performance in different ways.

Transfer of findings would mean that only spatial-visual cognitive 
style would be related to navigation performance. Following the tenta
tive explanations of the results of Study 1, spatial cognitive style might 
influence the processing of relevant information to form a better route 
memory, which is actual navigation in Study 2. With this perspective, 
object-visual and verbal cognitive styles would not be related to navi
gation performance.

In contrast, another plausible prediction would again be based on the 
description of route knowledge in spatial cognition frameworks. The 
ordered sequence of condition-action pairs may best be represented as a 
verbal memory representation. Accordingly, verbal cognitive style 
might be related to a successful learning and retrieval of route knowl
edge. Although this relationship could not be demonstrated in Study 1, it 
might be possible that the relationship might be found with a more 
familiar and realistic test task (navigation).

As in Study 1, we analyzed the relationships with perspective-taking 
ability (PTA), environmental spatial strategies, and subjective map 
learning strategy. Study 2 was part of a larger experiment involving a 
pretest-posttest design, investigation of effects of instruction after the 
pretest, and the analysis of gaze patterns (the details of the study can be Ta
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found at Dedetaş Şatır et al., 2026). However, for the analyses of the 
influence of cognitive style in the present study, Study 2 only uses data 
from the pretest and analyzes these data corresponding to Study 1, 
focusing on cognitive style and navigation performance.

3.1. Method

3.1.1. Participants
The sample consisted of 107 participants (77 female, 30 male) with a 

mean age of M = 20.90 years (SD = 2.41 years) ranging from 18 to 30 
years. All participants were students at a German university and got 
course credit for their participation. Because of an experimenter error, 
one participant received the wrong map order, therefore received the 
wrong navigation test, and their data was eliminated from the analyses. 
Therefore, the analyses were conducted with 106 participants.

3.1.2. Materials
Two computers were used in this study, one for the map reading task, 

and another one for the route tracing task with virtual environment and 
a gamepad. The map reading task was designed in PsychoPy (Peirce 
et al., 2019), and the route tracing task in the virtual environment 
was designed in Unity (Haas, 2014).

As a Spatial Perspective Taking Ability measure, SOT (Friedman 
et al., 2020; Hegarty & Waller, 2004); as a Cognitive Style measure, 
OSIVQ (Blazhenkova & Kozhevnikov, 2009); as a Spatial Strategies 
measure, FRS (Münzer et al., 2016), were used as in Study 1. In addition, 
the question about the retrospective subjective map learning strategy 
was included as in Study 1.

3.1.3. Maps
Since this was the pretest part of a larger pre-post-design experiment 

(Dedetaş Şatır et al., 2026) where the map order was counterbalanced, 

two different maps were used in the pretest. Half of the participants 
studied one map, and the others studied the second map.

Both maps were north-oriented and depicted routes running from the 
northern to the southern end. Each route included nine decision points 
(DPs), beginning with a starting location. Five DPs required a turn at an 
intersection, three of which featured a landmark. The remaining three 
DPs involved continuing straight, with one also containing a landmark. 
Regarding response format, four DPs offered three answer choices, while 
the other five provided two options. Each map also included three 
additional landmarks placed outside the navigated route. The route 
maps are shown in Fig. 6.

The maps were similar to one another in terms of the difficulty and 
the information they contained. A Bayesian independent samples t-test 
provided moderate evidence in favor of the null hypothesis, suggesting 
no meaningful difference in performance across the two map conditions 
(Bayes factor was BF₁₀ = 0.254, error % = 0.026).

3.1.4. Procedure
After the participants signed the informed consent of voluntary 

participation, they were informed about the general procedure that they 
would learn a route from a map to later navigate the same route in the 
virtual environment, and they would perform some ability measures. 
Then, they practiced the virtual environment and gamepad control over 
the player movements. They practiced orienting at the decision points, 
making decisions, and the situations of making correct and incorrect 
responses. This practice trial took around three minutes.

Once participants completed the practice trial, they moved to the 
other computer in order to study the route information presented on the 
map. They first performed eye tracker calibration. Once the calibration 
was ready, the study phase started. The map, including the predefined 
route and landmarks, was presented on the screen for 40 s. After the map 
presentation, the 60-s distractor task was administered, which was the 

Fig. 6. Maps used in Study 2.
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same task used in Study 1. Then, the participants switched to the other 
computer to navigate the route on VE.

In the route navigation task, participants were presented with an 
egocentric player view on the screen, initially oriented towards a 
starting landmark, the house. Each decision point involved two phases: 
rotation and decision. In the rotation phase, participants could freely 
rotate to explore their surroundings but could not submit a decision. 
They had up to 30 s to rotate and press the decision key, which triggered 
the decision phase. If time expired or the key was pressed, the decision 
phase started automatically, prompting participants to provide an 
answer. During this phase, the view reset to its initial orientation, and 
participants could no longer rotate. They used joystick keys to indicate 
the moving direction (left, right, or straight). It was not possible to 
deviate from the route. If the answer was incorrect, participants were 
asked to submit a new decision; if the answer was correct, the player 
progressed to the next decision point.

In the route navigation task, there were nine decision points (as 
presented in the maps). Reaction time and the total number of errors in 
decision points were recorded as a measure of performance, indicating 
that the higher the navigation errors, the worse the performance. After 
they completed the route navigation task, they performed perspective 
taking test, answered the retrospective subjective map learning ques
tion, and completed OSIVQ and FRS questionnaires. These tasks took 40 
min to complete. As this study was part of a broader research project, the 
procedure continued with additional tasks that fell outside the scope of 
the present paper.

3.2. Results

Table 3 shows descriptive statistics for the navigation error numbers, 
and SOT angular error (PTA), OSIVQ Cognitive Style, and FRS spatial 
strategies measures. Mean values for SOT, cognitive style scales, and FRS 
scales were very similar to those obtained in Study 1 (see Table 1 above).

To investigate the role of each cognitive style dimension on this task, 
we estimated a multiple regression model in which all OSIVQ dimension 
scores were predictors, and the number of navigation errors was the 
dependent variable. The largest Variance Inflation Factor (VIF) value 
observed was 1.08 (lower than the suggested threshold VIF > 5, e.g.: 
James et al., 2013; Menard, 2001), and the maximum Cook's distance 
observed was 0.18. We observed that the verbal F(1,101) = 0.509, β =
0.06, SE = 0.42, 95% CI [− 0.12, 0.26], t = 0.71, p = .477, and the object 
visual F(1, 101) = 2.172, β = 0.13, SE = 0.436, 95% CI [− 0.05, 0.32], t 
= 1.47, p = .144 dimensions of cognitive style did not significantly 
predict navigation performance, whereas spatial visual cognitive style 
significantly predicted the performance. The model coefficients revealed 
that OSIVQ spatial visual dimension was a significant negative predictor 
of navigation errors, F(1, 101) = 8.997, ß = − 0.29, SE = 0.438, 95% CI 
[− 0.48, − 0.09], t = − 3.00, p = .003. This suggests that for every one- 

unit increase in OSIVQ spatial visual dimension, there was a decrease 
of 1.313 units in navigation errors, meaning the higher the self-reported 
OSIVQ spatial cognitive style, the better the navigation performance.

To test the role of perspective taking ability on navigation perfor
mance, we regressed the SOT (Spatial Orientation Test) score on navi
gation errors. The results of the regression indicated that perspective 
taking ability was a significant predictor of navigation errors, ß = 0.36, 
95% CI [0.02, 0.06], t = 3.91, p < .001, with R2 = 0.128, suggesting that 
for each 10-degree increase in the SOT errors, there was a 0.3 error 
increase in navigation errors.

3.2.1. Exploratory analyses
Retrospective Subjective Map Learning Style Judgement. In order to gain 

insights into how people report their way of processing map informa
tion, a within-subjects ANOVA was conducted with three levels of the 
subjective map learning factor: pictorial, verbal, and spatial. There was a 
significant effect of the map reading factor, F(2,210) = 19.9, p < .001, 
η2 = 0.160. Post hoc comparisons using Tukey's test revealed that 
retrospective subjective map learning scores for pictorial representation 
(M = 45.6, SD = 25.5) and verbal representation (M = 34.4, SD = 88.2) 
were significantly higher than the spatial representation (M = 19.9, SD 
= 17.9). These results reflect that when people are asked to later navi
gate the route, they tend to prefer learning maps in a pictorial or verbal 
format rather than in a spatial format. This result deviates from the 
result of Study 1, particularly with respect to the retrospective memory 
of having learned the route using a verbal strategy. Compared to Study 
1, participants reported using the verbal strategy more in Study 2.

Exploratory Correlation Table. To explore potential associations 
among cognitive style, spatial strategies, perspective-taking ability, and 
navigation errors, we computed a correlation matrix (see Table 4).

In addition to the relations of SOT and spatial cognitive style with 
navigation performance, the FRS mental map factor correlated nega
tively with navigation errors, r = − 0.246, p = .011, meaning that the 
higher individuals scored on this “cognitive map” scale, the better their 
navigation performance was. However, the size of the correlation is not 
high.

As in Study 1, spatial cognitive style correlated with both environ
mental spatial strategy scales (FRS) to a considerable extent. The sig
nificant correlations in the low and medium range with the other 
cognitive style dimensions might be due to a greater power of Study 2 in 
comparison to Study 1.

The relationship between SOT and OSIVQ spatial-visual cognitive 
style dimension scores that was observed in the first study was repli
cated. The results indicated that SOT and OSIVQ spatial-visual cognitive 
style dimension scores were negatively and significantly correlated, r =
− 0.421, p < .001, meaning that increased perspective taking ability is 
associated with increased OSIVQ spatial dimension scores.

Since PTA (measured by SOT) and spatial-visual cognitive style are 
related, we exploratorily analyzed whether spatial-visual cognitive style 
predicted navigation errors over and above perspective taking ability. A 
hierarchical multiple regression was conducted to examine whether 
OSIVQ spatial-visual cognitive style dimension adds significant 
explanatory power to the prediction of navigation errors above and 
beyond PTA. In Model 1, PTA was entered as a predictor and signifi
cantly predicted navigation errors (as in the analysis presented above), 
R = 0.354, R2 = 0.125, F(1,102) = 14.75, p = .008, explaining 13% of 
the variance in navigation errors. In Model 2, the OSIVQ spatial-visual 
cognitive style dimension was added to the model. This model 
explained an additional 3.05% of the variance in navigation errors. 
However, the change in R2 just failed to reach significance, ΔR2 =

0.0305, F(1,102) = 3.68, p = .058.

3.3. Discussion

In Study 2, we aimed to investigate the role of cognitive style in a 
complete navigational map-based route learning paradigm with a more 

Table 3 
Descriptive results for each measured variable of Study 2.

Variable Mean Standard deviation Skewness Kurtosis

Performance 3.78 2.62 0.66 0.68
OSIVQ Verbal 3.22 0.595 0.03 − 0.48
OSIVQ Object 3.33 0.568 − 0.52 0.24
OSIVQ Spatial 2.69 0.578 0.13 0.06
SOT 32.3 23.9 1.30 1.31
Subjective Verbal 34.4 28.2 0.65 − 0.62
Subjective Object 45.6 25.5 0.01 − 0.76
Subjective Spatial 19.9 17.9 0.91 0.34
FRS-EGO 4.24 1.44 − 0.05 − 0.96
FRS-MM 3.69 1.39 0.40 − 0.80

Note. The table presents the descriptive results of the measures. Performance is 
measured as navigation errors, with higher scores indicating lower performance. 
For the Spatial Orientation Test (SOT), performance might range from 0 to 180, 
with higher scores indicating lower PTA. Scale range for OSIVQ is 1–5, and for 
FRS is 1–7.
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realistic and familiar route retrieval task (actual navigation). We 
observed that only OSIVQ spatial-visual cognitive style dimension pre
dicted navigation performance. When we analyzed whether it explained 
significantly more variance in the navigation errors above perspective 
taking ability, it contributed about 3% of additionally explained vari
ance, but this change just failed to reach significance. This might be 
viewed as a lack of statistical power to show a small effect.

These results can be interpreted as both replicating Study 1 and being 
complementary to the previous findings. In the first study, OSIVQ 
spatial-visual cognitive style dimension was found to be associated with 
verbal task performance, which requires route knowledge in association- 
action forms and is closest to the format of route knowledge described by 
spatial cognition frameworks. In the second study, OSIVQ spatial-visual 
cognitive style dimension predicted actual navigation performance 
following the learned route. Individuals with a stronger preference for 
processing information in the spatial–visual domain thus tended to learn 
route knowledge from maps more effectively, and this was shown in 
Study 1 and Study 2 with different test formats.

The alternatively assumed plausible relationship between verbal 
cognitive style and navigation performance was not found. This is also 
consistent with Study 1. This finding strengthens the notion that 
cognitive style might have more to do with the attractiveness and in
terest for a code and modality in which information is presented rather 
than with a tendency to re-process and transform information into a 
preferred code, even if that code would be more appropriate or efficient 
to represent the to-be-learned information.

4. General discussion

In two studies, we investigated the role of cognitive style in navi
gational map-based route learning. Individual differences in cognitive 
style might be an influencing factor in this task, which presents a 
familiar visual learning material (a digital map with a route) combined 
with a route learning task that is open to different information pro
cessing approaches. As the task of learning a complete route from a map 
is thought not to be routinely performed by individuals with a specific 
cognitive strategy, cognitive style might govern the ways in which the 
information is apprehended and processed.

Cognitive style was conceptualized broadly as a person's preferred 
way of processing information, following the model by Blazhenkova and 
Kozhevnikov (2009) with three dimensions of cognitive style (visual- 
spatial, visual-object, and verbal). Importantly, cognitive style might not 
only influence the selection of preferred materials, but might mean that 
given information is actually processed in preferred ways. For instance, 
it was conceivable to assume that individuals scoring higher on verbal 
cognitive style would take the opportunity to transform and re-process 
the visual route information in the map verbally, to accommodate the 
presented information to their preferred representation format. This 
would give them a memory advantage because the verbal code can 
efficiently represent the essential route information that is defined as an 
ordered sequence of condition-action pairs by the spatial knowledge 
frameworks.

Corresponding to this line of thought, we introduced a novel 
approach to study cognitive style. Rather than manipulating the learning 
materials to match individual preferences—as commonly done in pre
vious research—we focused on how cognitive style corresponds to the 
format of testing. Accordingly, three different types of tasks testing 
relevant information from a studied map were utilized, which corre
sponded to retrieving visual-object information, spatial information, or 
verbal route information from memory. All participants were measured 
on all cognitive style dimensions and performed all tasks.

While it was hypothesized that individuals might perform better 
when the test task matches their preferred cognitive style, no significant 
relations were found in this regard. However, it was found that the 
spatial cognitive style dimension predicted performance in the verbal 
test on route knowledge. This finding was supported by a conceptual Ta
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replication in Study 2. In Study 2, compared to Study 1, route memory 
was tested with a more familiar task by actually navigating the route, 
and spatial cognitive style was related to navigation performance and, 
hence, route knowledge.

4.1. Cognitive style as an information processing preference

Exploratory analyses of participants' self-reported map-reading 
strategies in Study 1 showed that people mostly reported having learned 
the map information in a visual format, regardless of their cognitive 
style. Even though the route information could be obtained in different 
ways, these results suggest that participants might tend to prefer the 
visual format, as it was the modality in which the information was 
presented. Besides, cognitive style dimensions did not predict corre
sponding test performance. These findings add support to challenge the 
definition of cognitive style as a preferred mode of information pro
cessing. It suggests that cognitive style may not determine how people 
process information, but rather reflects a preference for familiar types of 
learning materials.

Mayer and Massa (2003) differentiated learning preference and 
cognitive style as two different constructs, and defined learning pref
erence as the type of information (visual/verbal) that people like to 
learn, and cognitive style as a preference to process and represent in
formation. However, when the route information could be learned in 
different formats, participants reported processing it in the given visual 
format, suggesting that the modality of the learned information could be 
more strongly related to the way the information is processed than 
cognitive style preferences. Therefore, also considering the studies of 
cognitive style in the literature (e.g., Höffler et al., 2017; Koć-Januchta 
et al., 2017; Pazzaglia & Moè, 2013), cognitive style might reflect 
learning preferences; that is, people might prefer to learn information in 
a certain format, rather than having a stable way of processing new or 
unfamiliar information. Consequently, our initial assumption that we 
tested in our study might have been incorrect: cognitive style may not 
determine how people process route information. Instead, people might 
just process the information in the format it is presented, and their 
performance is associated with whether that format aligns with their 
cognitive style. Future research might test this notion more systemati
cally, using different types of materials and tasks, to better understand 
whether cognitive style influences how information is processed.

4.2. Spatial visual cognitive style is associated with route knowledge

Even though cognitive style dimensions did not predict corre
sponding test performance, spatial-visual cognitive style correlated 
positively with the verbal task performance. The verbal task required the 
retrieval of route information as associated condition-action pairs, 
which is the route knowledge defined by spatial knowledge frameworks. 
Therefore, it can be concluded that spatial-visual cognitive style was 
associated with route knowledge.

The second study conceptually replicated this result as spatial-visual 
cognitive style predicted navigation performance. Thus, the more people 
prefer to process information in the spatial-visual domain, the better 
they also learn route knowledge from the maps. They can use this 
learned information flexibly, i.e., they can both respond to verbal 
questions about decisions at verbally described decision points (Study 
1), and they can actually navigate the route (Study 2).

It is unknown in which format individuals with a spatial-visual 
cognitive style represent the route information. It can be assumed that 
the information was processed to some extent and represented such that 
the typical ordered sequence of condition-action pairs could be 
retrieved. It might be possible that the sequential condition-action pair 
format might play a role in processing and memorization, explaining 
that the route information could be retrieved both in a verbal test format 
and for procedural (navigation) actions. Interesting in this regard is the 
finding that spatial-visual cognitive style was not predictive for the 

specific corresponding spatial test format in Study 1, supporting the idea 
that these individuals might have processed the route information in the 
map in targeted ways during reading rather than forming some generic 
spatial representation from which they inferred route knowledge during 
test task performance (retrieval). Further research might gain insights 
into how exactly individuals with a higher spatial-visual cognitive style 
process different types of information from reading a map.

4.3. Limitations

As Study 1 tasks were not comparable in terms of difficulty, the study 
design allowed only for within-participant interpretation; therefore, it 
was not possible to test which test type works the best for each partic
ipant. For example, someone with a high verbal cognitive style prefer
ence might perform better in the verbal test compared to the spatial test. 
However, the study design did not allow for measuring this, as the tests 
were not comparable. Besides, the cognitive style model does not cate
gorize people as verbalizers and visualizers; therefore, it is not clear 
what having a high verbal cognitive style preference means (e.g., if 
someone has high scores in all dimensions, we would not be able to 
categorize).

One way to explore this with our current design would be to divide 
participants into high and low performers based on the average per
formance in each task. For example, if someone scores well above 
average in the verbal task, we could check whether this aligns with a 
strong preference for verbal cognitive style and lower preferences for 
other styles. This comparison could be made for each participant across 
all tasks and cognitive styles to look for consistent patterns. However, 
this type of profiling would exclude participants who do not fit clearly 
into one cognitive style category. Our sample size is not large enough to 
support this analytical approach. Additionally, the approach would 
focus only on individuals with extreme preferences (or profiles), which 
may limit the generalizability of the findings. It would ignore the 
multidimensionality of the theoretical cognitive style model 
(Blazhenkova & Kozhevnikov, 2009) on which the present study is 
based.

The visual warm-up task employed in Study 1 may have inadver
tently encouraged participants to encode the extracted information in a 
predominantly visual format. This possibility is supported by the pattern 
observed in Study 2, where no such warm-up task was administered. 
Here, retrospective subjective reports indicate a relative increase in 
verbal representations compared to Study 1. Taken together, these ob
servations suggest that the preferred representational format may not 
only be influenced by the format in which the information is initially 
presented but may also be shaped by participants' expectations 
regarding how the information will later be used. Thus, the warm-up 
task in Study 1 may have introduced a potential confound, and the 
corresponding results should be interpreted with appropriate caution. 
Importantly, however, even in Study 2, participants still reported 
greater use of pictorial representations than verbal or spatial represen
tations. This consistent preference indicates that, despite potential ex
pectancy influence, the format of the learning material may have a 
strong influence on the learner's subjective report on the mental repre
sentation of the learned information.

4.4. Future directions and implications

To the best of our knowledge, this study is the first to test cognitive 
style by manipulating test tasks, and it failed to validate cognitive style 
as a preference for actual re-processing and representing information. 
Future research might use other types of learning materials that are 
more familiar to the participants and which can be represented in 
different formats to test whether the representation of information 
changes depending on the cognitive style.

Spatial visual cognitive style was found to be associated with route 
knowledge in previous spatial cognition research (e.g., Bocchi et al., 
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2018; Kraemer et al., 2017; Pazzaglia & Moè, 2013), but our study is the 
first that found a relation to route learning from maps. Future research 
might investigate in more detail how spatial-visual cognitive style con
tributes to processing information found in maps, over and beyond 
spatial cognitive abilities.

The learning material of the present study is rooted in environmental 
spatial cognition, and considerations about memory representations 
were drawn from spatial cognition frameworks. From an applied 
perspective, the learning materials are familiar in the context of navi
gation assistance, because the maps of the present study resembled vi
sualizations provided by navigation assistance, depicting a route 
planned by the assistance system. However, the learning material can 
also be viewed from other perspectives. Because actual assistance sys
tems provide route information both in visual (map-based) as well as in 
separate verbal formats, a multimedia learning perspective might be 
fruitful as well. Further studies could, for instance, provide both the 
verbal and visual formats for route information and examine whether 
visual-verbal cognitive styles would predict preferences to use a 
particular format for learning, as well as the success of learning of the 
route. In addition, separate (verbal and visual) vs. integrated (verbal 
description integrated in the map) formats could be compared, and 
preferences for learning could be measured using eye-tracking 
methodology.

Results of the present study suggest that cognitive style, spatial 
strategies, and spatial cognitive abilities are predictive for successful 
learning of route information from digital maps, and that the way in 
which the information is presented might be most relevant for learning 
success (because it is apparently not re-processed). This implies that it 
might be supportive in applied wayfinding situations with navigation 
assistance, where the route information is conveyed in multiple ways to 
accommodate preferences besides the spatial-visual cognitive style. One 
obvious way to enrich route information in a map would be to integrate 
verbal condition-action information in verbal format (“at the pharmacy, 
left”) at the respective intersections. This would accommodate in
dividuals with a verbal cognitive style by also lowering the demand for 
spatial abilities.

5. Conclusion

Individuals differ in navigational map-based route learning perfor
mance. In this study, we investigated whether visual-verbal cognitive 
style is one factor of this individual variation. Cognitive style was not 
found to influence the way people prefer to process the route informa
tion; however, spatial-visual cognitive style was found to be associated 
with route knowledge, and participants reported memorizing the route 
in a visual format. We therefore conclude that cognitive style concerns 
preference rather than re-processing of learning materials. From an 
applied perspective and with regard to visualizations provided by 
assistance systems of today, route information might be provided in a 
diversity of formats (e.g., verbal route information integrated in a map) 
in order to capture attention and processing resources of individuals 
who do not particularly prefer a spatial representation. As an alterna
tive, individual learners might be provided with explicit instruction to 
transform the provided information into an appropriate (and possibly 
preferred) format.
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Koć-Januchta, M., Höffler, T., Thoma, G.-B., Prechtl, H., & Leutner, D. (2017). Visualizers 
versus verbalizers: Effects of cognitive style on learning with texts and pictures – An 
eye-tracking study. Computers in Human Behavior, 68, 170–179. https://doi.org/ 
10.1016/j.chb.2016.11.028

Kozhevnikov, M. (2007). Cognitive styles in the context of modern psychology: Toward 
an integrated framework of cognitive style. Psychological Bulletin, 133, 464–481. 
https://doi.org/10.1037/0033-2909.133.3.464

Kozhevnikov, M., Evans, C., & Kosslyn, S. M. (2014). Cognitive style as environmentally 
sensitive individual differences in cognition. Psychological Science in the Public 
Interest, 15(1). https://doi.org/10.1177/1529100614525555

Kozhevnikov, M., & Hegarty, M. (2001). A dissociation between object manipulation 
spatial ability and spatial orientation ability. Memory & Cognition, 29(5), 745–756. 
https://doi.org/10.3758/BF03200477

Kraemer, D. J., Hamilton, R., Messing, S. B., DeSantis, J. H., & Thompson-Schill, S. L. 
(2014). Cognitive style, cortical stimulation, and the conversion hypothesis. Frontiers 
in Human Neuroscience, 8. https://doi.org/10.3389/fnhum.2014.00015

Kraemer, D. J., Rosenberg, L. M., & Thompson-Schill, S. L. (2009). The neural correlates 
of visual and verbal cognitive styles. Journal of Neuroscience, 29(12), 3792–3798. 
https://doi.org/10.1523/JNEUROSCI.4635-08.2009

Kraemer, D. J. M., Schinazi, V. R., Cawkwell, P. B., Tekriwal, A., Epstein, R. A., & 
Thompson-Schill, S. L. (2017). Verbalizing, visualizing, and navigating: The effect of 
strategies on encoding a large-scale virtual environment. Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 43, 611–621. https://doi.org/10.1037/ 
xlm0000314

Leys, C., Ley, C., Klein, O., Bernard, P., & Licata, L. (2013). Detecting outliers: Do not use 
standard deviation around the mean, use absolute deviation around the median. 
Journal of Experimental Social Psychology, 49(4), 764–766. https://doi.org/10.1016/ 
j.jesp.2013.03.013

Massa, L. J., & Mayer, R. E. (2006). Testing the ATI hypothesis: Should multimedia 
instruction accommodate verbalizer-visualizer cognitive style? Learning and 
Individual Differences, 16(4), 321–335. https://doi.org/10.1016/j.lindif.2006.10.001

Mayer, R. E., & Massa, L. J. (2003). Three facets of visual and verbal learners: Cognitive 
ability, cognitive style, and learning preference. Journal of Educational Psychology, 
95, 833–846. https://doi.org/10.1037/0022-0663.95.4.833

Menard, S. (2001). Applied logistic regression analysis. SAGE Publications. 

Messick, S. (1976). Personality consistencies in cognition and creativity. In S. Messick 
(Ed.), 4(22). Individuality in learning. San Francisco, CA: Jossey-Bass. 

Morris, C. D., Bransford, J. D., & Franks, J. J. (1977). Levels of processing versus transfer 
appropriate processing. Journal of Verbal Learning and Verbal Behavior, 16(5), 
519–533. https://doi.org/10.1016/S0022-5371(77)80016-9

Moskvina, V., & Kozhevnikov, M. (2010). Determining cognitive styles. In S. Rayner, & 
E. Cools (Eds.), Style differences in cognition, learning and management (pp. 19–31). 
New York, NY: Routledge. 

Muffato, V., Meneghetti, C., & De Beni, R. (2020). The role of visuo-spatial abilities in 
environment learning from maps and navigation over the adult lifespan. British 
Journal of Psychology, 111, 70–91. https://doi.org/10.1111/bjop.12384

Muffato, V., Meneghetti, C., Di Ruocco, V., & De Beni, R. (2017). When young and older 
adults learn a map: The influence of individual visuo-spatial factors. Learning and 
Individual Differences, 53, 114–121. https://doi.org/10.1016/j.lindif.2016.12.002

Muffato, V., Miola, L., Pazzaglia, F., & Meneghetti, C. (2021). Map learning in aging 
individuals: The role of cognitive functioning and visuospatial factors. Brain Sciences, 
11(8), Article 1033. https://doi.org/10.3390/brainsci11081033

Muffato, V., Miola, L., Pazzaglia, F., & Meneghetti, C. (2025). How feelings affect map 
learning: The role of positive and negative emotions in spatial memory. Abstracts of the 
ICA. 10 (p. 207). https://doi.org/10.5194/ica-abs-10-207-2025.

Münzer, S., Fehringer, B. C. O. F., & Kühl, T. (2016). Validation of a 3-factor structure of 
spatial strategies and relations to possession and usage of navigational aids. Journal 
of Environmental Psychology, 47, 66–78. https://doi.org/10.1016/j. 
jenvp.2016.04.017

Münzer, S., & Hölscher, C. (2011). Entwicklung und Validierung eines Fragebogens zu 
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Lindeløv, J. K. (2019). PsychoPy2: Experiments in behavior made easy. Behavior 
Research Methods, 51(1), 195–203. https://doi.org/10.3758/s13428-018-01193-y

Richardson, A. (1977). Verbalizer-visualizer: A cognitive style dimension. Journal of 
Mental Imagery, 1, 109–125.

Shin, G., & Kim, C. (2015). Neural correlates of cognitive style and flexible cognitive 
control. NeuroImage, 113, 78–85. https://doi.org/10.1016/j. 
neuroimage.2015.03.046

Thorndyke, P. W., & Hayes-Roth, B. (1982). Differences in spatial knowledge acquired 
from maps and navigation. Cognitive Psychology, 14(4), 560–589. https://doi.org/ 
10.1016/0010-0285(82)90019-6

Tolman, E. C. (1948). Cognitive maps in rats and men. Psychological Review, 55(4), 
189–208 (1949-00103-001) https://doi.org/10.1037/h0061626.

Trullier, O., Wiener, S. I., Berthoz, A., & Meyer, J.-A. (1997). Biologically based artificial 
navigation systems: Review and prospects. Progress in Neurobiology, 51(5), 483–544. 
https://doi.org/10.1016/S0301-0082(96)00060-3

Tversky, B. (1993). Cognitive maps, cognitive collages, and spatial mental models. In 
A. U. Frank, & I. Campari (Eds.), Spatial information theory a theoretical basis for GIS 
(pp. 14–24). Springer. https://doi.org/10.1007/3-540-57207-4_2. 

Tversky, B., & Schiano, D. J. (1989). Perceptual and conceptual factors in distortions in 
memory for graphs and maps. Journal of Experimental Psychology: General, 118(4), 
387–398. https://doi.org/10.1037/0096-3445.118.4.387

Verdi, M. P., & Kulhavy, R. W. (2002). Learning with maps and texts: An overview. 
Educational Psychology Review, 14(1), 27–46. https://doi.org/10.1023/A: 
1013128426099

Waller, D., & Lippa, Y. (2007). Landmarks as beacons and associative cues: Their role in 
route learning. Memory & Cognition, 35(5), 910–924. https://doi.org/10.3758/ 
BF03193465

Witkin, H. A., Moore, C. A., Goodenough, D., & Cox, P. W. (1977). Field-dependent and 
field-independent cognitive styles and their educational implications. Review of 
Educational Research, 47(1), 1–64. https://doi.org/10.3102/00346543047001001

Wolbers, T., & Hegarty, M. (2010). What determines our navigational abilities? Trends in 
Cognitive Sciences, 14(3), 138–146. https://doi.org/10.1016/j.tics.2010.01.001

Zimmer, H. D. (2004). The construction of mental maps based on a fragmentary view of 
physical maps. Journal of Educational Psychology, 96(3), 603–610. https://doi.org/ 
10.1037/0022-0663.96.3.603
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