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1 Extended Abstract

Spatial cognition studies showed that there is a strong link between success in Science,
Technology, Engineering and Math (STEM) disciplines and spatial abilities [12, 18].
These abilities are basic for job skills like visualizing the result of a surgery, designing
bridges, aircrafts; interpreting charts, maps, engineering drawings, etc. Moreover, 3D
spatial skills can be developed through practice since research [15] showed that students
who attended a course at university to improve their ability to visualize in 3D, improved
their success and retention significantly, particularly female students. Thus, it is impor-
tant to train spatial abilities from the early stages, which can have a beneficial impact
on gender equality. The actualities of training spatial reasoning also in contemporary
school mathematics are studied in US and Canada [14].

Artificial agents with strong intelligence must have reasoning mechanisms to solve
spatial problems cognitively. Qualitative representations are thought to be close to the
cognitive domain, as shown in cognitive models of sketch recognition [9], spatial prob-
lem solving tasks (i.e. visual oddity tasks) [10] and in mental rotation tasks [11]. Novel
models which combine qualitative models, cognitive spatial thinking and common sense
are a challenge which envision further advances in Artificial Intelligence and its appli-
cations. The research presented here is aimed towards solving the challenge of defining
models which can:

– help people to understand how to solve perceptual ability tests (i.e. paper folding
and perspective tests), so that they can improve their spatial cognition skills and
therefore enhance their success in STEM; and also,

– be used by artificial intelligent agents to solve spatial problems, so that they can
learn spatial transformations happening when folding a paper or when seeing an
object from different perspectives and then developing a new framework in spatial
reasoning.

Qualitative models that try to solve spatial cognition problems have appeared in the
literature [5, 4]. A qualitative model for describing 3D objects (Q3D) using depth and
different perspectives [5] was inspired by designs of pieces which abstract the main
features of objects from all their properties in the real world and describe them us-
ing 3 canonical views (top, lateral and front) since, in experimental psychology, there is
support for the general idea that human object recognition involves view-dependent rep-
resentations, that is, people prefer to imagine, view, or photograph objects from certain



“canonical” views [13]. The Q3D was also motivated by the fact that: (i) the German
Academic Foundation uses consistent view/projection of a 3D object corresponding to
a technological drawing to measure intelligence in students1; and (ii) the Dental Ad-
mission Testing Program2 by the American Dental Association (ADA) includes a Per-
ceptual Ability Test (PAT) which part-2 is a 3D object perspective reasoning test. Fig. 1
shows an example of a perspective question and the relations between the perspectives
that the Q3D model must maintain to be consistent with real space. The Q3D approach

(a) Question (b) Q3D model

Fig. 1. Q3D model: (a) example of a 3D perspective question and (b) the relations between the
depth and the sketches (red lines) and the depth relations between perspectives (arrows).

allows reasoning through logics defined to test the consistency of descriptions. Q3D
infers some features of the unknown perspectives of the object (i.e. back, down and the
other lateral) by defining logics based on the continuity of holes and the relative depth
presented by opposite and neighbouring perspectives.

A Qualitative Descriptor for Paper Folding (QD-PF) was defined [4] by establishing
a correspondence between the possible folding actions and the areas in the paper where
a hole can be punched. This QD-PF is motivated by the fact that paper folding tasks
have been extensively used in psychological cognitive tests to measure people spatial
abilities as a form of intelligence, for example, by using the Manual for Kit of Factor-
Referenced Cognitive Tests [3], which included a factor kit Visualization (Vz) part in
which Paper Folding Test (suggested by Thurstone’s Punched Holes [2]) is part 2 (Vz-
2). Moreover, the PAT by the ADA also includes paper folding and punching in part 4.
In the QD-PF [4], reasoning tables were defined for inferring the location equivalences
encountered after a paper is folded. Using these tables, logic solutions were obtained to
find out where the hole punched is replicated after one-to-three foldings of a paper. Fig.

1 Test der Studienstiftung: Gehirnjogging für Hochbegabte, see Spiegel Online:
http://www.spiegel.de/quiztool/quiztool-49771.html

2 Dental Admission Testing Program example: http://www.ada.org/



Fig. 2. QDPF model: Example question in the Paper Folding Test - VZ-2 [3] and the inference
tables that provide the logical answer to the problem. Note that the correct answer is B.

2 shows an example of a paper folding question and how the reasoning tables in QD-PF
can obtain the answer.

In order to test the models Q3D and QD-PF, we selected Prolog programming lan-
guage [17], which is based on Horn clause logic [8]. SwiProlog3 was the testing plat-
form. The testing dataset for Q3D was extracted the PAT (part-2) by ADA. The testing
dataset for QD-PF was the Paper Folding Test - VZ-2 from the Manual for Kit of Factor-
Referenced Cognitive Tests[3].

Research has also showed that video game training enhances cognitive control [16]
specially when aging [1] and that realistic 3D views enhanced users’ performance on
spatial visualization tests [19]. Thus, a computer game showing realistic 3D views of
objects was created for testing the Q3D model. The Q3D-Game [7, 6] was developed
using Unity 5 game engine and built in an Android tablet for providing interactivity
with the user. The Q3D-Game prototype is intended to test if Q3D approach can help
users to improve their spatial thinking skills when solving reasoning problems about
3D perspectives. A computer game which implements the QD-PF is intended to be
developed in the near future.

Finally, we aim to carry out psychological studies that use these models and com-
puter games in order to answer the following research questions:

– do participants train their spatial cognition skills by playing these games?
– does this Q3D/QD-FP model help participants to understand the questions?
– can these logical algorithms be applicable to more sophisticated cognitive systems

(i.e. cognitive robotics)?
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3 SWI-Prolog: http://www.swi-prolog.org/
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