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Abstract
The widespread adoption of topographic maps on smartphones, typically implemented as pan-scalar
digital cartographic interfaces, has altered the competencies required for their effective interpretation
and use. The skills necessary to navigate and analyze these maps now differ substantially from those
associated with reading and employing traditional paper-based topographic maps. To facilitate a
more rigorous assessment of these emerging competencies, the paper introduces a serious game,
termed Mapinou, which is designed to be executable on any modern smartphone device. The game
alternates between tasks that require the use of a pan-scalar map and spatial skill tests to study
potential relations between the spatial skills of users and their competencies in pan-scalar map use.
Our goal when designing this game was to propose a predictor of pan-scalar map use skills, and the
spatial skill tests embedded in the current version of the game are intended to test the robustness of
this prediction. In this paper, we analyze the data collected from almost two hundred early players
of the game. The results show a weak but significant relation between the success in the game and
the success to the water-level task, which is known to be related to spatial skills.
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1 Introduction

Reading a topographic map used to be a niche activity that required the unfolding of a
large piece of paper, and decoding a map with a high density of information. Not everyone
was able to properly read a topographic map. Now that almost everyone has access to
topographic maps of the world at any scale, thanks to their smartphone, and use them for
daily navigation tasks, it is important to wonder if people have the skills to use these new
topographic maps. Here, it should be noted that we consider Google Maps, Apple Plan, or
even the default OpenStreetMap map as those new forms of topographic maps, even if they
do not represent contour lines and relief as detailed as 1:25,000 scale maps from Swiss Topo
would. Those maps are different from the paper, single-scaled topographic maps, as they
are pan-scalar, i.e., zoomable, interactive, and multi-scale [14]. The main differences are
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twofold: the size of a display with a small screen for pan-scalar maps compared to the large
piece of paper for printed maps; and the interactivity possible with the pan-scalar maps,
through touch gestures. As a consequence, the skills required to read those maps might be
different from the skills required to read topographic paper maps. For instance, the users
of pan-scalar maps may be subject to cartographic disorientation [43] and to the desert fog
effect (i.e., the disappearance of the known landmarks that were still visible in the previous
view [20]), when they pan and zoom in the map [42]. From our observations, some users are
more subject to the desert fog and to disorientation than others. More generally, some users
are more crafty than others with the use of hand gestures to pan and zoom in a pan-scalar
map [45], as the pinch gesture can be complex to achieve with precision [44, 31].

The skills and competencies required to read a topographic map have been studied by
researchers. Those skills include specific competencies such as reading contour lines, or
using a scale bar [41, 2], but also include cognitive processes that are not specific to map
reading (e.g. mental rotation, distance estimation, symbol identification) [28, 46, 26]. Some
of these general cognitive skills can be summarized as the visual-spatial ability, which can
be defined as the ability to visualize and manipulate geometrical figures in space [46]. But
do those competencies translate to the use of pan-scalar maps on smartphones? Using and
understanding pan-scalar maps requires visual-spatial abilities, but as mentioned earlier, it
also requires at least touch gesture skills and the mental ability to relate scales to one another.
We are convinced that it is important to better understand the competencies required to use
this new medium. As a first step, we want to be able to discriminate between the users who
succeed in using these maps and those who fail, or at least those who face difficulties.

To answer such questions, we need to collect data from a very large and diverse sample
of the population. Gamification constitutes a strategy for fostering participation in citizen
science by incorporating game-like elements and mechanics into research activities [13, 27].
In recent years, gamification has been increasingly integrated into platforms and projects
related to volunteered geographic information (VGI) [1, 39, 5]. Beyond the mere collection
of geospatial data, serious geo-games [37] can be designed to serve a variety of additional
purposes. They can function as educational tools for teaching geography and cultivating
spatial competencies, and they can also be employed as experimental instruments in the
empirical sciences [38]. Furthermore, some geo-games are developed primarily for recreational
use, as evidenced by the widespread popularity of applications such as Geocaching [30] and
GeoGuessr.

Our principal source of inspiration for the design of a serious game targeting map-use
skills is Sea Hero Quest, a game co-developed by academic researchers and a video-game
studio [40]. This mobile game was specifically created to investigate demographic factors
influencing spatial skills and their decline, and it reached a large user base of 3.9 million
players. The resulting dataset has made it possible to identify global determinants of spatial
abilities, including the geographic region in which individuals were born and raised, as well
as gender-related differences [8, 7, 6]. Although our ambitions are considerably more modest
– particularly because our serious game has been developed without the collaboration of a
professional video-game studio – we nevertheless aim to recruit several thousand players.
This will enable us to gain a more comprehensive understanding of pan-scalar map-use skills.

In this paper, we introduce Mapinou, a serious, mobile-based geo-game that we have
developed. The game entails intensive engagement with and exploration of a topographic,
pan-scalar map. Within Mapinou, map-use tasks are interleaved with standardized spatial
ability tests drawn from the literature, thereby enabling direct comparison between players’
in-game performance and their outcomes on established spatial skill measures. Our primary
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objective with Mapinou is to use the game as a predictor of pan-scalar map reading and using
skills. If there is light or strong correlations between the game and these 4 spatial skill tests,
the game could be used as a predictor, as pan-scalar map reading and using skills are partly
related to spatial skills. A futher objective is to better understand of the global determinants
of these pan-scalar map using skills (e.g., age, gender, prior cartographic experience). In
this article, we report the initial empirical findings derived from data collected with the first
cohort of players.

2 Materials and Methods

2.1 Experimental Design
In this study, we are interested in measuring the skills of users in their use of pan-scalar
maps, so we opted for a between-subjects design. Each user of Mapinou plays the same game,
with the same levels in the same order, and also performs the same spatial skill tests.

The game consists in 16 levels of increasing difficulty. Each level requires solving two
distinct tasks. The game is not designed to be completed in a single continuous session. Each
level, with a duration ranging from one to five minutes, can be undertaken in a separate
session, as the player’s progress is persistently stored.

A map is a multi-purpose communication tool, and it can be used for achieving a wide
variety of tasks [9, 4, 22]. The interactivity of the pan-scalar maps adds new usages of the
map compared to printed maps [35]. If we focus on the most frequent tasks map users achieve
with pan-scalar maps, we can cite global search, i.e., searching the whole map area for specific
targets or locations, distance estimation, route planning, and route following [21, 33]. The
task that we designed for each level of the game combines these four generic tasks, and is
composed of two subtasks.

The first task consists in finding a target: the rabbit the user plays in the game gives
textual instructions about search areas. For instance, the rabbit says “I must be in the south
of Paris” (Figure 1(a)). Then, if the user zooms in on the south of Paris, another instruction
is triggered. Instructions are chained until the user has zoomed enough to visualise and
point the target (usually a small town) in the map. When the user is lost, the rabbit gives
messages to find the right track (usually by zooming out). The score in this task increments
as seconds pass. The goal is to find the target as quickly as possible. There is no penalty
for pointing at the wrong target; this only triggers a message “I am not there”. This task is
mainly a global search task.

The second task mixes route planning, distance estimation, and route following, as the
user is asked to find a route to reach a rabbit friend located further on the map (Figure 1(b)).
The user has to point a location on the map and then the rabbit runs to that location using
the roads and the paths from the map. Similar to the first task, the score increments as
seconds pass. Pointing to a location to go to is only possible at large scales, which forces
the user to memorize the route or to zoom in and out to adjust the route as the rabbit
moves. To make the task harder, and force the user to read the map and zoom in and out
frequently, we added obstacles to avoid, in the form of enemies: snakes, eagles, and hunters.
Those enemies have a radius of influence, and if the rabbit runs into those areas, the score
increments with a penalty (Figure 1(c)). To add another layer of reasoning, we introduced
vegetables that appear when the rabbit comes close. Eating vegetables gives a bonus to the
score, so the user is really incentivized to regularly update the route.

Alternating with the pan-scalar map-use tasks described above, Mapinou presents four
established assessments of spatial ability. Figure 2 illustrates how these four tests are
embedded within the game environment. First, participants complete a digital implementation

COSIT 2026
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Figure 1 Two tasks to perform during a Mapinou game: (a) find the rabbit using the textual
indications; (b) the route planning task; (c) enemies and rewards appear during the second task. All
three captions are extracted from the first games available in Mapinou.

of the water-level task. Originally introduced by Piaget [32], this task depicts a cross-sectional
view of a bottle filled halfway with water. In the test, a rotated version of the same bottle
is shown, and the participant must draw the line corresponding to the interface between
water and air. The correct response is the horizontal line that divides the interior of the
bottle into two regions of equal area. This task has been extensively employed in prior
research on spatial ability, as it has been shown to correlate strongly with other spatial
cognition measures [24, 49, 25]. In our application, the line is drawn by tapping twice on the
touchscreen to specify the start and end points of the line segment. Because of the inherent
imprecision of touch input, we do not require a perfectly horizontal line for a response to be
considered correct. Each participant is presented with five bottles, each rotated at a different
angle.

We then used the Santa Barbara Sense of Direction Scale [17] that is composed of 15
questions about the self-declared sense of direction of participants. For each assertion (e.g.,
“I am very good at giving directions”), the participant decides on a Likert scale with 7 values
if they strongly agree or strongly disagree with the assertion. This scale was used to study
the global determinants of spatial ability [50], to better understand spatial ability [18, 16],
or just as a proxy measure of spatial ability to characterise the sample of participants in user
studies.

The third spatial ability test is the Perspective Taking Spatial Orientation Test (PTSOT)
[23, 18]. In this test, several distinctive symbols are drawn on a paper or displayed on a
screen, and the participant is given several questions. For each question, the participant
should imagine they are standing at the location of one these symbols (which will be named
at the center of the circle), and they are facing at a second of these symbols, named at
the top of the circle; they are asked to draw an arrow from the center object showing the
direction to a third symbol from this facing orientation. This test requires perspective-taking
and mental rotations as cognitive processes. In the application, we used a recent revised
version of the PTSOT [11], and we changed the symbols for the sprites used in the game
(a rabbit, a snake, an eagle, a pigeon, a zucchini, a hunter). The user has to point to the
location of the target symbol on the circle for the line to be drawn.
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Figure 2 Screen capture of the four spatial skill tests included in the game: (a) the water-level
task; (b) the Santa Barbara Sense of Direction Scale; (c) the Spatial Orientation Test (PTSOT);
(d) Purdue spatial visualization test for rotations.

Table 1 Number of Mapinou users according to the level they reached in the game.

level reached level #1 level #4 level #8 level #12 level #16
nb of users 196 112 65 46 35

The final spatial ability test we used is the Purdue Spatial Visualization Test for rota-
tions [15]. The test consists of thirty questions of increasing difficulty related to mental
rotation, where the participants are asked to achieve mental rotations of 3D volumes and
select the correct rotation among several propositions. Mental rotation tests are often used
to measure spatial ability, and other similar tests exist [48]. In the Mapinou application, we
selected 5 of the 30 questions from the original test, with varying difficulty, as the full test is
expected to last 20 minutes, which would be too long for inclusion in the game.

2.2 Participants

Considering our end goals with this game, we want to reach as many users as possible,
encompassing all existing profiles in the population. We started with a small-scale recruitment
process, located in our university, where we put some posters on the walls. We also participated
in several events of science outreach within the university. A button to share the game on
social networks is included in the application, and we expected a minor recruitment process
through the social networks of the players. At the time we started the data analysis for this
paper, 958 players had started the game, for 1902 games played.

We then filtered out most of these players. First, we removed all the players who were
identified as playing on a desktop computer, using the information given by their web browser.
We also removed all the players who installed the game on their mobile phone but did not
play a game. Table 1 shows the number of players in the data collected for this paper, the
level they reached in their game completion. Reaching level 12 means that the player played
at least 12 games. In total, 1250 games have been played in this dataset.

COSIT 2026
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Table 2 shows the age distribution of the 196 players. Most of the players are situated
between 18 and 44, with a quite even distribution between the three corresponding age
categories. For now, the sample is too small in the other age categories to analyze the relation
between age and pan-scalar map-using skills.

Table 2 Age distribution of the users in this study.

age –18 18–24 25–34 35–44 45–59 60+ no answer
count 4 50 58 45 15 8 16

Table 3 shows the gender distribution for the participants, where “other” stands for
different possible gender answers, including “no answer”. The distribution between male and
female players is fairly even.

Table 3 Gender distribution of the users in this study.

gender female male other
count 82 94 20

Finally, Table 4 shows the self-declared map usage frequency categories among our 196
participants. Most of the participants regularly use pan-scalar maps on mobile devices, either
everyday (85 participants) or several times a week (82 participants). Given the usage figures
for applications such as Google Maps [36] or Apple Plan, it is not surprising to have more
players in these two categories.

Table 4 Map usage distribution of the users in this study.

Map usage everyday several times
a week

several times
a month

almost
never

no answer

count 85 82 16 1 12

2.3 Materials
In Mapinou, each level requires the exploration of a map, and we did not create this pan-scalar
map; we decided to reuse an existing one. We used a pan-scalar map called Plan IGN,
designed by the French National Mapping Agency. It is the default map available on the
French administration cartographic platform1, and it is freely available through APIs. In
terms of style and content, Plan IGN is quite similar to Google Maps and Apple Plan.

We developed a game-construction application in which we defined 16 distinct games
set in heterogeneous regions and landscapes. These 16 games are organized according to
progressively increasing difficulty. In phase 1, the difficulty is determined by the degree of
precision of the navigational indications provided to the user. For instance, an easier game
would indicate “I am between Lyon and Saint-Etienne”, while a harder game would just
indicate “I am east of Lyon”. In phase 2, difficulty is modulated by the number and spatial
distribution of enemies, as well as by the presence and configuration of natural obstacles
between the starting and ending points of the route (e.g., lakes, large rivers, mountain ranges).
As one game is composed of phase 1 then phase 2, we modulated the difficulty of each phase
to obtain a game difficulty that is slowly increasing as new games are reached.

1 https://cartes.gouv.fr/

https://cartes.gouv.fr/
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Figure 3 4 screen captures of the game visualizations after one level is finished: (a) summarization
of the measures describing the run; (b) the position of the player score in the distribution of this
specific level; (c) the comparison of the route of the player compared to the best score route; (d) the
score ranking.

The game application was designed with open Javascript libraries, including Maplibre
for the cartographic visualizations. The routes chosen when the rabbit moves in the game
are based on the routing API from the French National Mapping Agency. The code of the
application is available openly on Github2.

We need the players to play the game several times, as we do not expect the game to
be finished in a single session. As a result, we introduced several gamification features to
push players into further games after the first session. For instance, Figure 3 shows several
features appearing after a level is completed: the global score ranking, the visualization of
the route compared to the best score’s route, global statistics, and the position of the player
in the distribution of scores. Completing some levels also unlocks new skins for the rabbit
played in the game.

In-game auditory effects and an original musical score specifically composed by the authors
are incorporated to enhance players’ sense of immersion within the game environment.

2.4 Apparatus
The game is meant to be played on smartphones, and it is compatible with most of the devices
currently in use. Users are invited to install the application on their personal smartphones,
using a QR code or a link. As explained in the previous subsection, the second task of each
level relies on a routing web API to compute the shortest path from the position of the
rabbit to the pointed position. Without a stable internet connection, the displacement of the
rabbit can be very slow. As a consequence, the game requires a stable connection and we
prevent starting a trial/level otherwise.

Given our focus on the use of pan-scalar maps on mobile phones, we record the screen
size of the device used to play the game and exclude devices whose screens fall outside a
predefined acceptable size range, either being too small or excessively large. For now, no
exclusion of participants has been performed due to screen size, as the data collected from
the web browser already identifies desktop users.

2 https://github.com/LostInZoom/mapinou/

COSIT 2026
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Figure 4 Screen capture of the view when the user starts level 1 of regular games, after the
water-level task.

2.5 Procedure
After installing the application on their mobile phone, users are first ask to give informed
consent. Then, they are asked to fill a short demographic questionnaire with questions about
age, gender and map usage. Then, as the game mechanisms can be complex, we introduce the
two tasks of each level with a tutorial, where the users can try all the in-game interactions
with the map and with the rabbits. In this tutorial, the players are told that the aim is to
perform each phase/task as quickly as possible.

Then, the player has to complete 4 levels composed of 4 games that count as trials in
our experiment (Figure 4). Completing one game of a level unlocks the following game, and
completing the four games of a level unlocks the next level. Between each level, the user
has to complete one of the four spatial ability tests. Before level 1, the user starts with the
water-level task, then completes the Santa Barbara Sense of Direction Scale between levels 1
and 2, then completes the PTSOT between levels 2 and 3, and finally completes the Purdue
spatial visualization test for rotations between levels 3 and 4. The game was presented in
French, and all participants are French speakers, though not necessarily native speakers.
Within a level, the four games do not have the exact same difficulty, even if it is rather close
as we tried to keep an increasing difficulty between game 1 and game 16.

2.6 Statistical Analysis
As mentioned earlier, in this first study based on the data collected with Mapinou, we only
focus on the water-level task and the quality of the results in the game, because there are
not enough players who reached the levels where the other spatial skill tests are performed.
The analysis in relation to these tests will be conducted in further studies.

Because the games do not present the same difficulty, the score ranges can vary widely
between games, making it difficult to compare scores or use the mean to assess a player’s
performance. We also noticed that our expected difficulty was not matching the actual
difficulty for players: in some games that we considered difficult, many players found hacks
and managed to obtain very low (good) scores, while some games that were considered as
easier found the players facing more difficulty than expected. As a result, we decided to
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Figure 5 Illustration of the method used to score the drawing from the water-level task.

rather use the z score instead of the raw score obtained by players. The z score can be
computed with the following equation, and is a normalization of the score based on the
standard deviation of scores in one specific game:

z = x − µ

σ
(1)

where x is the raw score, µ is the mean of the scores in a level, and σ is the standard deviation
of the scores in this level.

Regarding the water-level task, we summarized the 5 drawings with a score from 0 to 5:
for each drawing, if the angle between the drawn line and the horizontal is below 10° and if
the height of the drawn line is strictly between 30% and 70% of the bottle, the player scores
1 for that drawing (Figure 5); otherwise, they score 0 for that drawing; the total score is the
sum of the scores for the five drawings.

Subsequently, we conduct two types of statistical analyses on the results. First, when
comparing two ordinal variables, for example the water-level score and the z-score, we assess
whether a relationship exists between their distributions. Because none of our distributions
meets the assumption of normality, we employ Spearman’s rank correlation test to evaluate
these regressions.

When comparing a score with categorical data (e.g. the self-declared map usage category,
or the age category), we use Kruskal-Wallis tests to check if the categories influence the
score.

Finally, we want to use Mapinou in the future as a short test procedure to characterize
the sample population in user studies, but it would be too long to have those users play
16 games. So we will compute the minimal sample of games to play to have a mean score
representative of the potential final mean score. First, we have to compute the volatility of
the scores for the players that played many games (we consider a threshold of 8 games):

volatility =
∑k

i=1 σi

E
(2)

where k is the number of players who played more than 8 games, and σi is the standard
deviation of z scores of the ith player with more than 8 games played.

From the volatility, we can compute n as the minimum number of games to play to use
the score mean with a 95% confidence:

n = 1.96 × volatility

E
(3)

where E is the expected error margin on the z score.

COSIT 2026
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Table 5 Distribution of the scores of the users at the water-level task.

score 0 1 2 3 4 5
count 43 4 8 22 30 89

3 Results

Table 5 presents the first set of results, namely the distribution of water-level scores for the
196 participants in our sample. As expected, the most frequent score is 5, corresponding to
five correct responses, obtained by 89 participants. An additional 30 participants obtained
a score of 4. This latter result can plausibly be attributed to the difficulty of drawing a
perfectly horizontal line on a touch screen. Given that our correctness criterion was a strict
angular deviation threshold of 10°, several participants who might have produced correct
responses using traditional pencil-and-paper methods did not reach the same level of accuracy
when using the mobile application. 22% of the participants obtained a score of 0, which
is plausible if we consider the failure rates obtained in past studies [49, 24], but looking at
the actual answers from some of these players, we have to consider that some players just
sidestepped the task by drawing quickly random lines (we recorded the time spent on each
question of the water-level task). We did not find a way to automatically identify all those
players, as the difference is too thin between a quick player and a player that sidestepped
the task. It means that we have to be careful when analyzing the score of the players with
this score.

Figure 6 shows the distribution of the mean z score of the players by the water-level
score. Apart from the players with a score of zero that are scattered between good (low)
z-scores and bad (high) z-scores, this plot shows a tendency of correlation: players with
higher water-level scores have better/lower z-scores in the game. The Spearman’s correlation
is -0.185 (p − value = 9.2667e − 03) which confirms a weak but significant correlation. If
we exclude the players who scored zero at the water-level task, the Spearman’s correlation
is stronger and still significant (-0.216; p − value = 7.4507e − 03). This result is a first
indication that Mapinou might be used as a predictor for pan-scalar map use competency.

Figure 7 shows the box plot of the z-scores by age category. We ran a Kruskal-Wallis
test only on the three most populated age categories, namely “18-24”, “25-34” and “35-44”,
which is significant (p − value : 2.6685e − 02). we ran a post-hoc Dunn test with a Bonferroni
correction, and the category “35-44” is significantly different from “25-34” (p − value : 0.044),
but the other pairs are not significantly different.

Figure 8 shows the box plot of the z-scores by gender category. As we do not expect any
homogeneity in the other category, it was not tested further. We ran a Kruskal-Wallis test
on the other two gender categories (H = 6.191; p − value : 1.2837 · 10−2), which shows that
male players are performing better than female players in the game.

The third demographic factor considered is map usage. Figure 9 presents the boxplot of
the z-scores stratified by map usage category. As only the first two categories (players who
use maps every day or several times per week) include a sufficient number of participants for
statistical analysis, we conducted a Kruskal–Wallis test restricted to these two groups (H =
5.313; p = 2.1172 · 10−2). The results indicate that players who use maps on a daily basis
achieve significantly higher performance scores than those who use maps only several times
per week.
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Figure 6 Raincloud plot of the z-score of the participants by water-level score. A raincloud plot
combines a box plot, a scatter plot, and a violin plot.

Figure 7 Box plot of the distribution of game z-scores by declared age categories.

COSIT 2026
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Figure 8 Box plot of the distribution of game z-scores by declared gender. All none “Male” or
“Female” answers are aggregated to “Other” in this plot.

Figure 9 Box plot of the distribution of game z-scores by declared map usage. Day means several
times a day, week means several times a week, et cetera.
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Figure 10 Box plot of the distribution of the number of zoom and pan interactions per game by
water-level score.

Figure 11 Box plot of the distribution of the number of bonuses and maluses obtained in the
game (vegetables and enemies) by water-level score.

The game z-score is not the only metric that is collected during the completion of a game,
as we record all the interactions of the player with the map. Figure 10 shows the box plots
of the mean of zoom interactions per game by the water-level score, and of the mean of pan
interactions per game by the water-level score. If we put aside the players who scored zero
at the water-level task, we can see a weak correlation with the number of zoom interactions,
confirmed by Spearman’s correlation (-0.143; p − value = 7.698 · 10−2). Regarding the
number of pans, Spearman’s correlation is not significant (0.025; p − value = 0.725).

Figure 11 presents two additional box plots: (i) the number of vegetables consumed
per game as a function of water-level category, and (ii) the number of enemies crossed per
game as a function of water-level category. After excluding, once again, the players who
obtained a score of zero on the water-level task, no statistically significant association is
observed between water-level performance and the number of enemies crossed (Spearman’s
ρ = −0.147, p = 6.890 × 10−2), nor between water-level performance and the number of
vegetables consumed (Spearman’s ρ = 0.061, p = 0.39).

Finally, with respect to the number of games required to estimate players’ skills with
95% confidence, the observed volatility for players who have participated in more than eight
games corresponds to a z-score standard deviation of 0.71. We then computed the required

COSIT 2026
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sample size for a margin of error slightly below this volatility and obtained that a minimum
of three games is sufficient. When a smaller margin of error is imposed (0.5), the minimum
number of games needed to achieve 95% confidence increases to seven.

4 Discussion

For now, the analysis of the data from the early players show a weak but significant correlation
between the spatial skills measured with the water-level task, and the score in the game. But
one reason why this correlation is weak is the lack of control in the study. Apparently, several
players sidestepped the water-level task, maybe because it was boring compared to the game
or because they did not understand it. The choice of a mobile game to study pan-scalar
map-using skills was made to gather a large number of players, which is still our aim, but
the drawback is the lack of control on how the users play the game and answer seriously to
the spatial ability tests. From what we can see in the current results, the number of players
sidestepping the water-level task is not very large (less than 5%), and we hope that with
more players, the future analyses will be more robust.

With the score and the z-score, Mapinou measures the ability of players to be good at
this game, which is not exactly similar to what we are primarily interested in: pan-scalar
map-using skills. To perform at this game, players have to be able to search a target in a
pan-scalar map, plan a route, and follow it, zoom in and out regularly, update your survey
and route knowledge to collect vegetables. But being agile with your fingers and being able
to very quickly chain sequences of finger interactions, is very useful to achieve a good score,
like in many video games. It is questionable which type of skills are the most important to
achieve good results in Mapinou, and maybe a future analysis of the speed of interaction
will be necessary to address this question. There are studies in human-computer interaction
about those touch-gestures on mobile devices that could be interesting to replicate with map
zooming and panning tasks [31, 44, 45, 34].

Being crafty with touch-gestures on mobile devices can be somehow related to age. One
of our initial hypotheses when designing Mapinou was that older users of pan-scalar maps
might have more difficulties than young users. For now, this hypothesis has not been tested
because the number of users older than 45 is too low to perform statistical analyses. However,
our current results show that the “35-44” age category performs significantly better than the
“25-34” category. This result shows that we should not expect a linear decline with age, but
maybe we can expect a phenomenon of decay for older players. The results for the Sea Hero
Quest mobile game show a peak of performance at 21 years old, and a global decrease as the
age of the players advances [8]. Other studies show a non-linear effect of aging on spatial
visualization and perspective taking cognitive competencies, and a linear effect on mental
rotation [3].

Past studies on spatial abilities exhibit differences with gender [24, 6]. For instance, the
results in the Sea Hero Quest mobile game show a significant gap between men and women,
but the results also show that those differences highly depend on the country where the
participants were born and raised, with countries such as Norway and Finland showing almost
no gender difference in spatial ability, while other countries exhibit strong gender differences.
According to these results, France, where all our participants live, show momderate gender
differences, and this is what we can see in our results too. The distribution of z-scores are
significantly different but the median of z-scores is almost identical for men and women. The
difference comes from the higher number of very good scores among the male players, and
the significant number of bad scores among female players. When we have more players to
analyze, it would be interesting to see of this gender difference changes with age categories.
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A previous study on Sea Hero Quest shows that the number of hours spent on video
gaming predicts success in the game [51]. Playing video games has been shown to improve
spatial skills [12, 10, 29], so we expect a similar effect on pan-scalar map using skills, and on
the score in our game. We added a question in our demographic questionaire to indicate the
number of hours per week spent playing video games on all devices, and we plan to study
this effect in future analyses of the game data.

Socioeconomic status and educational attainment have also been shown to modulate
spatial abilities [52]. Our initial recruitment procedure, which relied on posters displayed
throughout the university campus, may therefore have yielded a relatively homogeneous
sample in terms of education level. With a more educationally diverse sample, the proportion
of participants exhibiting low water-level task performance might increase, potentially altering
the pattern of results reported here. To mitigate this limitation in future data collection, we
intend to diversify our recruitment strategies (e.g., via social media and public science outreach
events) and to systematically collect detailed information on participants’ socioeconomic
status and educational background in our demographic questionnaire, in order to characterize
and intentionally increase sample heterogeneity.

Finally, it has been shown that training to the use of maps has positive consequences on
spatial cognition and spatial ability [47, 19]. Our results on the influence of self-declared map
usage confirm this assertion, as players that use pan-scalar maps everyday have significantly
better results than players who use them several times a week. We will try to collect as many
players as possible with a use of pan-scalar maps that is less than several times a week to
confirm this tendency with our other groups, even if it will not be easy because the game
requires a mobile phone, and mapping applications are usually among the most used apps by
mobile phone owners.

5 Conclusion

To conclude, this paper, based on the early players of Mapinou, our serious geo-game for
mobile phones, shows that mobile games can be interesting tools to study the use of pan-
scalar maps. Our first results show a weak but significant relation between the score at the
water-level task (that is related to spatial ability) and the score in the game, which shows
that players with better spatial abilities tend to perform better in the game.

To advance this work, we plan to recruit a substantially larger number of participants
over the coming weeks in order to collect sufficient data for the three remaining spatial ability
tests. Several communication actions are planned to favor this recruitment process. If the
current findings generalize to these three additional tests, an open question is whether one of
them exhibits a stronger correlation with game performance than the others, and thus could
be preferentially adopted as a proxy measure of pan-scalar map abilities in subsequent user
studies.

For one of the in-game spatial ability assessments, we incorporated a reduced subset (5
items) of the Purdue Spatial Visualization Test. Prior research indicates that scores on the
full test are associated with participants’ mental rotation abilities [15]. If the in-game scores
show a substantial correlation with the scores on these 5 Purdue items, it will be necessary
to verify that this reduced subset provides an adequate approximation of the full instrument.
To this end, we plan to conduct a small-scale user study to evaluate the extent to which this
abbreviated version serves as a valid proxy for the complete test.
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Beyond the analysis of a dataset with a larger pool of players, we plan to reuse the game
in future studies about pan-scalar cartography as it could be the first test that captures
visual spatial ability and the ease to use pan and zoom on mobile devices. We also plan to
study the Mapinou players with eye-tracking to better understand the cognitive and visual
attention processes at play when zooming and panning in a pan-scalar map.
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