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Abstract. Compared  to  verbal  and  textual  language,  sketch  maps  are  an 
intuitive  and  effective  way  to  communicate  about  spatial  information. 
Untrained users can use sketch maps to easily interact with GISs, e.g., to query 
the spatial  database by drawing freehand sketches.  However, in  these hand-
drawn sketches, errors such as straightening, direction and shape distortions are 
inevitable and are a natural result of schematization, distortion and abstraction 
in  perceptual  and  cognitive  processes.  These  errors  affect  the  accuracy  of 
sketched spatial  properties and spatial  relations, e.g.,  topological relations or 
cardinal directions, which make sketch maps not as accurate as metric maps 
which is based on exact measurements.  This paper analyzes typical cognitive 
errors in sketch maps and evaluates Egenhofer’s query-by-sketch approach for 
sketch  map  formalization  with  respect  to  these  errors.  We  conduct  an 
experiment  that  demonstrates  how  typical  cognitive  errors  lead  to  false 
formalizations  in  the  query-by-sketch  approach  and  suggest  how  the 
formalization could be improved. We aim at developing an approach for sketch 
representation  which  is  able  to  deal  with  cognitive  errors,  incomplete 
information, and capable of abstracting useful spatial relations at the right level 
of granularity for future spatial reasoning tasks.
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1  Introduction and Motivation

Sketch map is a common way of human-human communication and is now widely 
applied in geospatial reasoning tasks for its direct representation of human spatial 
memories. It is a natural way to reflect how humans perceive the specific environment 
on a piece of paper. One challenging application of sketch maps is Spatial-Query-by-
Sketch proposed by Egenhofer. It is a new interaction mechanism that allows a user to 
formulate a spatial query by drawing the desired spatial configuration with a pen on a 
touch-sensitive computer screen and get it translated into a symbolic representation to 
be processed against a geographic database [1]. However, during sketching, errors 
due to human spatial cognition may occur. They are neither random nor due solely to 
ignorance, but a result of cognitive processes [2]. Sketch maps typically contain only 
a  few, relevant  features  of  an  area,  misrepresent  geometries  and  spatial  relations 
among these features, and represent the information at a very general or abstract level. 
The resulting sketch analysis must necessarily be wrong if it does not account for the 
fact that the cognitive errors lead to distorted or omitted spatial information.

If sketch maps are used to queried against a spatial database, it is necessary that the 
formalization  approach  can  deal  with  incomplete  and  distorted  information  and 
represent it in a sketch map at the right level of granularity: Although people tend to 
simplify  and  abstract  shapes  of  spatial  objects  on  sketch  maps,  we  can  still  get 



significant information. The approach has to include the relevant information in the 
query and ignore the irrelevant ones. This research investigates to what extent spatial 
relations between sketched objects can be used for spatial querying and what level of 
granularity  is  necessary  to  map  spatial  relations  from  the  sketch  map  to  its 
corresponding metric map. Moreover, the research addresses the question of how an 
existing computational model for sketch representation can be modified to account for 
inevitable cognitive errors. 

The remainder of the paper is organized as follows: section 2 gives an overview of 
the related work in the area of  cognitive errors  as  well  as  sketch representations. 
Section 3 describes the empirical experiment where participants draw sketch maps of 
two  familiar  areas.  We  explain  how  to  apply  Egenhofer’s  query-by-sketch  to 
formalize  sketch  maps  and  identify  which  cognitive  errors  lead  to  a  wrong 
formalization. In section 4, we suggest modifications to the formalization approach, 
especially for directional relations. Section 5 concludes and gives directions of future 
work.

2  Related Work

In psychology, many researchers focus on how people think and communicate about 
the space they inhabit and create. It has already been documented that sketch maps 
reflect conceptions of reality, not reality itself [3] It is inevitable that information will 
be  omitted,  regularized,  exaggerated,  fantasized  and  even  added  with  smuggled 
messages, due to the inconsistent scales and perspectives used in sketch maps. These 
sketch representations of the real world thereby may never escape from errors. Some 
documented errors are reviewed as below: Direction get straightened in memory or 
people mentally rotate the directions of geographic entities around the axes created by 
themselves [2]; all sketch maps schematize and highlight the information relevant to 
their  purposes,  thus  eliminate  the  irrelevant  information  [4].  This  can  be  well 
exemplified  by  sketch  maps  representing  spatial  objects:  People  always  conceive 
them as simple geometry shapes or just  blobs. These sketched elements may well 
satisfy specific purposes but in fact they may severely distort the configuration of the 
reality. 

Egenhofer  [1]  proposes  a  computational  model  to  abstract  away details  of  the 
sketches  with  an  emphasis  on  the  salient  parts.  A  sketch  map  is  represented 
symbolically by capturing qualitative spatial  relations between each pair of spatial 
objects. Five types of spatial relations are distinguished: Coarse binary topological 
relations which is based on the 9-Intersection Model, detailed topological relations, 
metric refinements,  coarse cardinal directions and detailed cardinal directions.  The 
spatial database is queried for the area where exactly the same spatial relations hold 
between pairs of spatial objects. 

3  Experimental Exploration of Cognitive Errors in Sketch Maps

We  conduct  an  experiment  to  explore  the  cognitive  errors  that  people  made  in 
drawing sketch maps and analyze them to evaluate Egenhofer’s query-by-sketch. This 
study compares  sketch maps drawn by participants  to  the  two-dimensional  metric 
maps of the same location. The sketch maps and the metric maps are formalized using 
query-by-sketch and qualitative methods are applied to  analyze accuracy of sketch 
maps  in  the  comparison  to  metric  maps.  Querying  a  database  via  sketches  only 



succeeds, if the sketch map and the metric map of the same location have the same 
query-by-sketch formalization.

3.1   Experiment Settings

Many spatial properties cannot be described when being independent of scale. People 
present  spatial  information  with  different  abstraction  levels  according  to  various 
spatial scales. We investigate three different spatial scales to determine a proper one 
for our study. Participants are asked to draw locations of three different spatial scales: 
The bounding box of the small area is ~0,01km2 , the bounding box of the medium 
area (Figure 1) is ~0,2km2 and the bounding box of the large area is ~1km2. For the 
final experiment, two areas are discarded since the small area does not have sufficient 
spatial objects and complex street information, whereas the large area has excessive 
spatial objects and complex street information which is too difficult for participants to 
draw. Finally, two locations of medium size are selected for our experiment. Some 
basic spatial information of two locations are given in Table 1.

Fig.  1. An  example  of  the  metric  map  of  location  A (from the  castle  to  IFGI1)  that  the 
participants have to sketch in the experiment.

Table 1.  Basic spatial information of the two locations with medium spatial scales. 

Location A 
(the castle to IFGI)

Location B
(Mensa2 to IFGI)

Bounding Box 0.21 km2 (0.86*0.24) 0.21 km2 (0.59*0.35)
Route Length 0.8 km 1.0 km
Main Streets 1  main  curved  street  (Hüffer  street) 

with 4 main branches
3 turns

2  connected  straight  main 
streets  (Himmelreich  street 
and Adenauer street)
3 turns

Intersections T shape, cross shape, L shape T shape, cross shape, L shape

1 IFGI stands for the Institute for Geoinformatics of the University of Muenster.
2 Mensa is “student cafeteria” in Germany.



The participants  are provided with a sample map of  a  comparable area with a 
similar scale, a route with similar geographic and non-geographic features and the 
similar route complexity.

3.2   Experiment Method

The  empirical  experiment  is  carried  out  in  the  context  of  the  use  case,  which 
determines the scale, size and type of area we discussed before.

Participants. All participants are familiar with the locations the experimenters have 
chosen.  As  a  result,  errors  that  come from participant  ignorance  of  areas  can  be 
eliminated. Ten participants (six males and four females, with average age of 27.5) 
from University  of  Muenster  take  part  in  the  experiment  individually  and  do  the 
testing voluntarily. Though all of them are with GI3 experience, it does not mean that 
they have  any exceptionally  good understanding of  sketching spatial  areas  or  any 
better spatial intelligence. The participants are familiar with GI terminology such as 
feature, geographic/non-geographic object and sketch map.

Stimuli and Design. Each participant is given instructions about the two locations 
and a sample map showing a finished sketch map. Here is the example for location A, 
the instruction reads “Please draw a sketch map describing the spatial area when you 
walk from the castle to IFGI (Robert-Koch Str, 26). Please delineate in the map the 
salient fixed features along the path you take as accurately as possible”.

3.3   Sketch Map Analysis

The examinations of the sketch maps in our study focus on elementary components, 
such  as  sketched  objects  and  binary  spatial  relations  between  objects.  All  valid 
sketched objects of each participant are analyzed one after another  and object-by-
object. The assessment of each sketch map is done manually.

Completeness Assessment. Of all 20 sketch maps for both areas, only 14 are kept 
for the following analysis. The remaining 6 are discarded, for the reason that they are 
too  simple  to  sustain  an  analysis:  The  discarded  maps  contain  only  starting  and 
ending points (some also a third landmark) with one connecting street. We require 
more  than  4 sketched  objects  to  do a reasonable  analysis.  In  this  study,  sketched 
objects are the  logical entities in a sketch and treated like virtual objects without 
strokes  [6].  They  possess  a  spatial  location  and  have  spatial  relations  with  other 
sketched objects. The knowledge about the types and numbers of sketched objects 
reveal  a portion of a sketch map's meaning and imply the intended purpose when 
people perceive the environment in a sketch. Table 2 and Table 3 show the salient 
sketched objects found in sketch maps. The criterion for “salient” objects is adopted 
by 10 participants: there are no less than 50% of people who draw such objects.

3 GI is the acronym of “Geographic Information”.



Table 2.  Salient sketched objects of location A.

Participants Geographic Non-geographic

A Ditch Other Castle IFGI Bakery FH 
building

Other

B O X O O O O Bus stops
Botanic garden

C O Trees O O O O Parking lot
D O Grassland O O O O Court

Bus stops
E O Trees O O O O Uni building
F O X O O O O Uni building
G X X O O X X X
H X X O O X O Park

Gravestones- 
shop

I O O O O O Court 
Botanic garden
Copy shop
Swimming pool
Promenade

J O Trees O O O O Parking lot
(O stands for sketched objects, whereas X refers to non-sketched objects)

Table 3.  Salient sketched objects of location B.

Participants Geographic Non-geographic

A Lake Grassland Mensa IFGI FH 
building

Cemetery Others

B O O O O X X X
C O O O O O X Sculpture

Promenade
D O O O O O X Music-

school
Promenade
Bar

E O O O O O O Uni building 
F O O O O O X Uni building 
G O X O O X X X
H O O O O O O Bank

Music school
Bar
Promenade

I O O O O O X LVM- 
building

J O O O O O O Parking lot
(O stands for sketched objects, whereas X refers to non-sketched objects)



From the results, we observe that the most frequently used sketched objects (100% 
sketched by participants) are the starting and ending points in both two areas: The 
castle and IFGI in location A, and Mensa and IFGI in location B. Other sketched 
objects which are relevant to the wayfinding task are drawn frequently as well, e.g., in  
location  B,  lake  Aa and  the  grassland are  depicted by almost  all  the  participants 
because  they  are  adjacent  to  the  short-cut  when  walking  from  Mensa  to  IFGI. 
Completeness in a sketch map is impossible to ensure because people tend to ignore 
the  irrelevant  objects,  e.g.,  in  this  experiment,  natural  objects,  such  as  vegetation 
(trees and grasses) which cover a large area, make up only a small part of the entire 
set of sketched objects whereas artificial objects related to wayfinding task, such as 
buildings or streets which cover only a small area occur much more frequently.

Accuracy Assessment. By comparison with metric maps, accuracy assessment is 
processed along two directions: One is the accuracy of properties of sketched objects, 
such as size and shape; the other is the accuracy of spatial relations abstracted from 
sketches. The latter is achieved through Egenhofer's sketch representation for query-
by-sketch. One sketch map of location A is  taken as an example and  analyzed as 
below.

Sketched Objects. In reality (Figure 2),  the route from the castle  to IFGI is the 
west-east  direction  Hüffer  street  intersected  by  Himmelreich  street,  Robert-Koch 
street and a trail behind the castle The segment of the main street called Hüffer is a 
curved one with 6 straight branches that are not parallel to each other. Some branches 
intersect  with Hüffer street  with obtuse angles,  so that,  when turning from Hüffer 
street to Robert-Koch street, the angle is bigger than 90 degrees; and some intersect 
Hüffer street with a right angle. Salient spatial objects in location A are with complex 
shapes whose representations are not simply based on a pure symbolic representation.

However, in sketch maps (Figure 2), sketched street information is unfortunately 
reduced  by simplification,  distortion  and omission:  Junctions  with  non-orthogonal 
angles are simplified to 90°; all the streets are straightened, despite of those existing 
curvatures; small street branches are totally ignored by people. Other sketched objects 
are represented  by simple  shape  forms,  such  as  circles,  squares  and  ovals.  These 
symbolic  and  distorted  representations  have  nothing  in  common  with  the  visual 
appearance of the object  in reality. They have the origins from cognitive errors as 
schematization and systematic errors during human perception processes.

Fig. 2. An example illustrating the differences between a metric map (the left one) and 
a sketch map (the right one).



Spatial Relations. Almost all the sketched objects are scattered buildings in reality, 
and  located  along  Hüffer  street.  Therefore  when  mapping  the  sketched  spatial 
relations onto 9-Intersection Model, we only get one topological relation of “disjoint”. 
According to Egenhofer's  approach, among five types of  spatial  relations,  detailed 
topological  relations  and  metric  refinements,  which  are  based  on  non-empty 
intersections are not applicable in this study. Figure 3 shows analysis results for the 
metric map in Figure 2. Firstly, all sketched objects except streets are extracted and 
identified as. A, B, C, D and E, which represent IFGI, FH building, the castle, ditch 
and bakery respectively. In the second step, the spatial relations between all objects 
are computed. Fig. 3(a-c) shows the spatial relations exemplarily for object A to all 
other objects. Fig. 3(a) depicts the coarse topological relations that are derived from 
the 9-Intersection Model. Fig. 3(b) shows the coarse cardinal directions of object A to 
all other objects. The objects E, D, and C all fall into one single partition, while B 
spans of 5 partitions. Fig. 3(c) shows the detailed cardinal directions of object A to all 
other  objects.  It  captures  the  details  of  the  distribution  over  multiple  partitions, 
recording by how much an object extends over multiple partitions.

Fig. 3.  Analytical results of (a) topological relations, (b) cardinal directions, and (c) detailed 
cardinal directions of location A from a metric map.

Fig. 4. Analytical results of (a) topological relations, (b) cardinal directions, and (c) detailed 
cardinal directions of location A from a sketch map.

The same as Figure 3, Figure 4 speaks up for the analytical results of sketched 
spatial relations of location A from a sketch map. From the result, no participants 
make mistake of topological relations. Among all possible binary relations of cardinal 
directions between five spatial  objects,  the number of  correctly  sketched relations 
from seven valid sketch maps is 14, 14, 13, 13, 12, 8, 12 respectively, and the average 
accuracy rate of cardinal directions is 61%. The same situation is found in location B 



as well: The average accuracy rate of cardinal directions is 60%.  The low accuracy 
rate of cardinal directions is caused by the omission, distortion and schematization of 
sketched objects  we discussed before.  Therefore  we suggest  to  modify the sketch 
maps, e.g., keep the spatial configuration the same except for the distorted main street, 
and replace it with its real shape. The cardinal directions are computed based on the 
modified sketch map again.  Figure 5 shows the modification by replacing with real 
shapes of Hüffer street and the ditch on a sketch map. With this methodology, we 
could increase the accuracy rate of cardinal directions by 33 %. This confirms clearly 
how important it is to include typical cognitive errors in sketch representation.

Fig.  5. Modified sketch map with curved Hüffer  street  and the ditch (The left  map is  the 
original one with straightened Hüffer street and the ditch).

3.4   Summary

The  experiment  outcomes  show  that  human  knowledge  about  space  is  typically 
qualitative:  Instead  of  absolute  locations  and  their  exact  geometries,  participants 
cognize  only  a  few  but  significant  relationships  of  spatial  objects  at  a  level  of 
granularity which is important to solve tasks, e.g., wayfinding in this case. Moreover, 
as  stated before,  sketch maps are drawn from observation and affected by human 
memories. Therefore, the set of relationships and properties used to describe a spatial 
area in a sketch map differs substantially from it in a corresponding metric map which 
is based on exact and complete metric measurements. Special attention must be paid 
to  various  types  of  properties  of  spatial  objects,  their  relevance  and the  relations 
among  them.  Based  on  the  experiment  results,  a  set  of  underlying  principles  of 
cognitive errors is suggested as below:

Size and shape, e.g., curvature of streets, angle of intersections and footprint of 
buildings. Sizes of objects are often expressed relatively to each other; however, it is 
significantly influenced by many other aspects, such as the importance of a landmark, 
the significance of a decision point, or the information density. The experiment results 
show that people have a strong tendency to draw geographic features at the starting 
point and at the ending point larger than features on the route. With respect to the 
abstraction  level  of  realism,  almost  all  the  sketched  spatial  objects  from  the 
experiment are based on a symbolic representation and have nothing in common with 
actual look of the objects in reality. Region objects are depicted as square, circle, oval, 
cross or the combination of simple geometries. Although shapes of spatial objects are 
simplified,  participants  try  to  capture  reality  with  the  expression  of  unique  or 



distinguishable shape of an object [6] in those cases where the object is remarkable or 
important for solving the task, e.g., wayfinding in this study.

Approximate  topological  relations,  particularly  relations  between  disjointed, 
meeting  and  connected  features.  Participants  tend  to  use  preliminary  topology  to 
describe  a  specific  area.  In  the  case  of  this  study,  only  one  topological  relation 
“disjoint” is captured from the sketches even though the sketchers know some of the 
spatial objects are connected or meet with each other. 

Relative metric relations and the ordinal alignment as landmarks along the streets. 
The exact metric relations or even the relative ones captured from sketch maps are not 
reliable.  However,  the  experiment  output  shows  that  participants  seldom  make 
mistakes  when  drawing  order  of  spatial  objects  along  the  streets  or  path-extent 
objects, e.g., river or green belt.

Directional relations and different reference frames. The precision of directional or 
orientation relations between objects in a sketch map are affected strongly by human 
schematization, particularly from the tendency to straighten streets, distort angles and 
stylize street networks, e.g., street branches are either parallel or orthogonal to each 
other 

Number and types of features contained or left out. From the survey of object class 
(Table 2),  Non-geographic features,  especially  artificial  objects  as buildings  occur 
frequently. Especially the ones near the starting and the ending point are the most 
frequently  sketched  objects.  However,  natural  objects,  such  as  body  of  water  or 
vegetation make up only a small part of the entire set of objects found in sketch maps.

4   Sketch Map Representation Accounting for Cognitive Errors

Based  on  observations  from the  experiment,  we  suggest  to  modified  Egenhofer's 
approach for sketch representation by accounting for cognitive errors. In this study, 
we focus on the calculation of cardinal directions. We address the question whether 
the combination of metric and directional relations such as ordinal relations might 
lead to more suitable sketch representation. Besides, we proposed a new approach to 
choose reference objects, which is taking main streets or path-extent spatial objects as 
reference  objects.  A  simplified  reference  frame  is  developed  for  directional 
calculation, and “object order” is proposed as a refinement of directional calculation 
based on the new reference frame.

4.1   Cardinal directions in 4 half-plane

Cardinal directions based on projections have two kinds of systems of directions. One 
is D4= {N, E, S, W} and the other is extensive D8 = {N, E, S, W, NE, NW, SE, SW}. 
Egenhofer's approach for representing cardinal directions in sketch maps is based on 
D8 with additional direction 0 representing identical position. However, complexity in 
calculations may cause more inaccuracies because people do not perceive directions 
as detailed as D8, i.e. they can not distinguish 9 partitions during sketching. To the 
contrary,  simplicity  works  better  in  directional  calculations  since  it  can  relax 
constraints and consider not only exact matches but also similar ones between reality 
and people's sketches As a result, cardinal directions based on D4  are imported as a 
simplified way for directional calculations in sketch maps. In D4, the four directions 
are pair  wise opposites and each pair divides the plane into two half-planes.  The 
direction operation assigns for each pair of objects a composition of two directions, 
e.g., South and East for a total of four different directions [7]. 



4.2   New Reference Frame with Streets as Reference Objects

In our experiment, both areas that needed to be sketched contain regions and routes4, 
and  almost  all  the  prominent  spatial  objects  are  adjacent  to  the  street  network, 
especially located along the main streets. Considering the situation that people always 
make errors of straightening streets and they can not distinguish 9 partitions during 
drawing, it is more proper to talk about one object being above (or to the North), 
below (or to the South), right (or to the East), left (or to the West) or at the same 
location (0) along with the street. In this case, a new reference frame can be built for 
directional  calculations,  i.e.  We only  assign  main  streets  as  reference  objects  and 
calculate  cardinal  directions  of  others  with  relative  to  references  objects,  but  not 
calculate cardinal directions of all pairs of sketched objects. Because of the arbitrarily 
depicted  streets  from sketch maps,  the  assigned directions  are  relative  to  straight 
street  segments  or  the  minimum  bounding  box  of  curved  ones  which  are  both 
considered as enclosing polygons in this study.

As the following, all  possibilities to  define  “above”, “below” and “at  the same 
location” (Figure 6) are discussed.

Fig. 6. Directional relations of object A with respect to reference object B.

Above: Y maxA > Y maxB
At the same location: (Y maxA ≤ Y maxB) & ( Y minA ≥ Y minB)
Below: Y minA < Y minB

Y min, Y max is minimum y value and maximum y value respectively. A, B represents 
the minimum bounding box of spatial object and B is the reference object.

In Figure 7, we discussed the possible situations to define “right”, “left” and “at the 
same location” in 4 half-planes.

4 There are two board classes of maps: those that convey regions and those that convey 
routes [4].



Fig. 7. Directional relations of object A with respect to reference object B.

Right: X maxA > X maxB
At the same location: (X maxA ≤ X maxB) & ( X minA ≥ X minB)
Left: X minA < X minB

X min, X max is minimum X value and maximum X value respectively. A, B represents 
the minimum bounding box of spatial object and B is the reference object.

All the metric measurement are processed in 2-D Cartesian coordinate systems and 
where to set the origin and how to build up the datum of the reference system are 
dependent with the shape of reference object (in this case, street segment). Figure 8 
shows some examples to calculate directional relations with different street shapes of 
horizontal, vertical and inclined.

Fig. 8. Build up a datum for qualitative metric measurement.

4.3   Refinement of Modified Approach using Object Order

The same as  the most  formalizations or  implementations of  spatial  reasoning,  the 
modified  qualitative  directional  relations  rely  on  the  Euclidean  geometry  and  the 



Cartesian coordinate system, and there is a clear need for a fully qualitative system of 
directional relation reasoning, combing topological and metric relations [8]. In this 
case,  metric  properties  such  as  relative  distances  to  reference  objects  are 
indispensable for  positional  relations reasoning.  Although the granularity level  for 
directional relations is already decreased from D8 to D4, the simplified method is still 
insufficient  to  characterize  directional  relations  without  ambiguities.  We  propose 
object order as a refinement of cardinal  directions based on 4 half-planes.  Object  
order is calculated by recording the sequences of objects with relative to the reference 
object. Compared with exact distances to reference object, humans make much less 
errors on representing object orders.

Here we show one example of using modified approach for directional calculation. 
The basic principle to choose reference object is to find the streets which have at least 
two objects along either side of them and only trend towards one direction. The next 
step is to mark them with different calculation resolutions. For example, as Figure 9 
shows, the Hüffer street is marked as “1”, which means in the most coarse level of 
calculation, this street is  taken as the reference object.  Two branches marked with 
“2a”  and  “2b”  are  the  reference  objects  which  will  make  further  partitions  of 
directions with more details. For instance, street segment “2a” is a partition of space 
above street segment “1”, which will be assigned for directions of left (or west) and 
right (or east). Spatial objects above street segment “1” can be further distinguished 
by their positional relations with relative to reference object “2a”.

Fig 9. Taking streets as reference object for calculating directional relations.

As below is the resulting table (Table 4) of directional calculations of a sketch map 
with  new  reference  frame  and  object  order.  Using  the  modified  approach  we 
proposed, the differences for directional relations between metric maps and sketch 
maps are decreased to 0, which means an exact match between sketched directional 
relations and the directional relations recorded in a metric map.



Table 4.  Results of directional relations in a sketch map using modified approach.

Sketched object Directional relations
Castle (above “1”) & (right to “2a”)
Ditch (above “1”) & (left to “2a”)
Bakery (below“1”) & (right to “2b”)
IFGI (below “1”) & (left to “2b”) & (OI)
FH building (below “1”) & (left to “2b”) & (OF)

(OI, OF are object order of IFGI and FH building with respect to reference object “2b”)

5   Conclusions and Future Work

The outcomes shows that sketches drawn from memories about spatial representations 
of the environment are inaccurate and erroneous [5]. Therefore, compared with metric 
maps which are from exact measurements, sketch maps contain only a few, relevant 
spatial objects of an area and they contain inaccurate geometries and spatial relations 
among these spatial objects. With respect to relevance, the empirical findings show 
that sketches including information important to sketchers' purposes while eliminating 
the irrelevant ones. Sketch maps represent information at an abstract level, meaning 
that people generalized details which are irrelevant for sketch tasks. With respect to 
inaccuracy  caused  by  cognitive  errors,  the  empirical  investigations  show that  the 
typically inaccurate information on sketch maps such as distortions of size and shape, 
incompleteness  of  types  of  features,  incorrectness  of  relative  metric  relations  and 
topological  relations  is  a  natural  consequence  of  schematization  and  distortion  in 
normal perceptual and cognitive processes.
The incompleteness or inaccuracy of sketch maps, i.e. capturing only the relevant or 
significant information, and the representation at an abstract level, e.g., ignoring the 
exact metric details, but representing them qualitatively with a low granularity instead 
do not pose a problem in way-finding, but do pose a problem when these sketch maps 
are compared with metric  maps:  a  large amount of differences  will  be found and 
sketch maps will be considered as metrically incorrect. As a result, sketches can only 
be  used  for  querying  spatial  databases  if  the  sketch  representation  captures  the 
information  at  the  necessary  abstract  level.  Although the  Spatial-Query-by-Sketch 
from Egenhofer represents sketches qualitatively, i.e. already at an abstract and rather 
general level, it is obviously far beyond being fine-granular: in our case, the resulting 
formalization of sketch maps using Egenhofer's approach still  reflects many of the 
typical  human distortion and schematization errors and cannot be directly  mapped 
into the corresponding metric maps. Thus in future research, a revised formalization 
approach needs to be developed by focusing on the adequate qualitative formalization 
taking typical human cognitive errors into account.
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Appendix

As below are the scanned version of sketch maps from one participant which we used 
as examples in this paper.

Location A: from the castle to IFGI

Location B: from Mensa to IFGI


