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Abstract. Extensive research has focused on what constitutes good route directions, identifying qualities such as the logical sequential ordering, the inclusion
of landmarks, and ergonomic ways of referring to turns as critical to delivering
cognitively adequate instructions. In many cases, however, people are not actually provided with route directions adhering to these qualities. Yet, often people
are still able to successfully navigate to the planned destinations, despite poor
or even erroneous direction giving. In this paper, we introduce the concept of
defensive wayfinding as the particular type of problem solving people undertake
when presented with route directions incongruent with their experience of the
environment. We present a systematic investigation of the incompatibilities that
may occur between route descriptions and the environment. We note that the content of route directions is produced by the direction giver based on observations
of the environment. We develop a classification of the impacts of uncertainty in
these observations based on the theory of measurement scales of Stevens [32].
We then relate uncertainty to its impact on route following and the ability of the
wayfinder to detect problems during wayfinding. We conclude with a discussion
of the impacts of common-sense expectations on the need to engage in defensive
wayfinding.

1

Introduction

It is not uncommon to receive route directions from a friend, someone on the street,
or a spatial assistance system that do not match conventions or immediate experience
of the environment during wayfinding. Whether the names of the streets do not match,
the hotel room is not found at an expected floor, or a landmark is not on the expected
side of the road, people have to resort to common sense to cope with such mismatches
between the expected spatial configurations and the experienced environment.
In this paper, we approach this resilience of people in face of uncertainty and conflicting information and analyze in a formal manner how it is possible to deal with
mismatches between the information provided and the perceived environment. While
wayfinders exhibit a high level of confidence in automated route directions [21], erroneous route directions are not uncommon, due to uncertainty inherent in the underlying
spatial data, the algorithms used, or in the case of human route directions due to distortions in spatial memory.
We propose a typology of route direction uncertainty that can occur in diverse types
of route directions, such as turn-based directions [29] and destination descriptions [37].

Tomko, M., & Richter, K.-F. (2015). Defensive Wayfinding: Incongruent Information in Route Following. in Spatial Information Theory. COSIT 2015: LNCS. Springer.
PRE-PRINT. Refer to the publisher's version for authoritative content.

We have chosen route directions as a prototypical representative of a pragmatic type of
spatial communication that must uniquely and unambiguously describe the destination
to the wayfinder [37]. We do not consider characteristic descriptions [36] or illustrative
and artistic types of spatial communication [39] in this paper.
To our knowledge, such a typology of uncertainty impacting on the quality of route
directions has not been proposed elsewhere, in contrast to the in-depth analysis of the
errors that may be committed by wayfinders. The proposed typology is, in our opinion, a necessary step to the understanding of the resilience demonstrated by human
wayfinders in following erroneous or ambiguous route directions. If we can understand
how humans apply common sense and combine other information available to them
during wayfinding to resolve uncertainty, we may also start building automata that will
be able to follow directions provided by humans—such as the self driving intelligent
cars coming to our streets in the next few years.
The next section further sets the context of our work by presenting relevant research
from different areas. Then, we first introduce the concept of defensive wayfinding and
other key concepts (in Section 3). We provide a theoretical analysis and typology of
uncertainty which may occur in route directions in Section 4. Section 5 discusses mismatches between instructions and/or information perceived from the environment with
a wayfinder’s common-sense understanding of the world. The paper ends with a discussion of this typology in light of current state of wayfinding research in Section 6.

2

Background

In this section, we review relevant research on wayfinding, wayfinding errors and cognitively ergonomic route directions. Most importantly, we link verbal route directions
and their elementary route instructions to linguistic work on referring expressions, a
fundamental concept in our discussion throughout this paper. Finally, we briefly introduce the classification of measurement levels from applied statistics. This classification
forms the basis of the typology developed in this paper. As we shall argue, uncertainty
in route directions is the consequence of problems in the observation of the world by
the direction giver, or of differing conceptualizations of the world by the direction giver
and the wayfinder.
2.1

Aided Goal-Oriented Wayfinding

Wayfinding, as defined by Golledge is the dominantly cognitive activity related to ”the
process of determining and following a path or route between an origin and destination” ([14], p.6). As such, this is an inherently goal-oriented activity. In this paper, we
focus on aided wayfinding [41], where the route is communicated verbally or depicted
graphically. Both descriptions and depictions can take the form of a procedural discourse [35] as either turn-based route directions [43, 28], or that of destination descriptions [37] (a type of descriptive discourse), or their combination [29]. Route directions
as a form of spatial communication have been widely researched by a range of different
disciplines.
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Properties of good route directions have been discussed extensively (e.g., [1, 19, 7].
Allen [1] distinguishes the following verbal devices used in communication of route
directions: (1) Environmental features called nominals (e.g., ‘church tower’) (2) Delimiters such as distance and direction designations, relational terms specifying relative
positions and relative movement, and modifiers providing additional detail to more precisely specify referents or actions (e.g., ‘. . . right in 500m’); (3) Verbs of movement
(e.g., ‘turn’); and (4) State of being verbs (e.g., ‘You are. . . ’). Allen [1] also highlights
as a principal characteristics of good turn-based route directions that instructions in their
sequential ordering need to be aligned with the order in which wayfinders experience
the environment. Furthermore, descriptives, which relate instructions to the decision
points along the route, have been identified as being important [1]. This is supported by
Denis and colleagues [7, 25], who among others have identified landmarks at decision
points to significantly contribute to high quality route directions.

2.2

Wayfinding Errors and Route Directions

When following a set of directions during wayfinding, the content of the directions is
matched with the perceived information stimuli [14]. The more complex an intersection,
the more complex the directions provided by instruction givers must be [15]. Haque et
al. [15] also introduce the concept of instruction equivalent choices, or, in other words,
the actions one can make to satisfy an instruction. The more equivalent choices there are
for a given instruction, the more detailed instructions are offered by human directiongivers, with more nuanced descriptions of decision points [17]. In a similar line of
research, Hirtle et al. [16] have explored the way complex parts of a route result in
more detailed route directions.
The process of interpretation of route directions as proposed in [3] has been applied
to study the errors committed by wayfinders when following route directions. Brunye et
al. [2] discussed the preferential choices, i.e., different kinds of heuristics, to deal with
situations where the wayfinder encounters detectable incongruences between the environment and the instructions. They discuss landmark-based and direction-based preferential heuristics, with a stronger trust in turns provided by GPS navigation systems and
a higher trust in landmarks provided by human direction givers.
In this paper, we explicitly focus on the classification of disparities between the information about the route acquired from route directions and the perceived stimuli from
the physical environment, including signage [26]. We analyze the types of uncertainty
that may influence the quality of the provided directions. This is the fundamental distinction from [42, 2] and other research on human decision-making, which focuses on
errors committed by wayfinders themselves (e.g., mistakes, slips and lapses), while the
information content of the directions is taken as unambiguous and factually correct. We
also focus exclusively on the explicit information content of the directions and do not
consider other uncertainty markers that may provide additional clues about the quality
of the provided directions (e.g., prosody) [34].
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2.3

Route Directions and Pragmatic Communication

Route directions transfer highly pragmatic information content communicated in a succinct manner [13, 37]. Frank [13] proposed the measurement of the content of route
directions in terms of their pragmatic value, following previous work on the concept
of correctness of maps and spatial communication with maps using multi-agent simulation [12].
Expressions aimed at uniquely identifying a referent from a set of potential referents are called referring expressions [33, 8, 5], and route directions can be considered
a particular case of such expressions. Route descriptions either uniquely identify the
locations and types of actions to be taken (turn-based route directions), or in the case of
destination descriptions uniquely identify the destination of the route [37].
Each instruction contained within a turn-based route description should also uniquely
and succinctly identify the decision point, and the action to be taken [18]. In this sense,
an instruction is ideally a referring expression in its own right. In this paper, we argue that ambiguities in interpretations of instructions particularly arise when these are
not referring expressions, but they are either underspecified or overspecified—i.e., their
information content is either insufficient or excessive [31, 22].
2.4

Classifications of Measurements and Uncertainty

Stevens [32] defines a measurement as the assignment of values to an observation based
on consistent rules. As we will demonstrate, this equally applies to the observations
of the world that translate into the acquisition of spatial knowledge, either stored in
a computer or held by a person. In case of collecting data in a mapping workflow, the
applied rules are formalized and made explicit; in cognitive mapping they are subjective
and usually not available for conscious reflection. Still, based on the spatial knowledge
acquired through observations, the speaker or a computer can provide route directions.
Stevens’ typology of measurement consists of the following four distinct scales,
in order of decreasing statistical transformations that are permissible: ratio, interval,
ordinal and nominal. Beyond the statistical operations, Stevens also notes the empirical transformations relating to these measurement scales, as they are likely to be experienced during our common-sense interaction with the geographic space. These are
the determination of respective ratios, the determination of equality of intervals or differences, determination of relative magnitude, and determination of equality between
observations [32]. Our observations of the geographic space are biased and prone to errors [10], and it is exactly the impact of this uncertainty in the observations of different
measurement scales that we study in this paper.
We are well aware of the criticism of Stevens’ typology from the measurement
sciences as well as from statisticians. Nevertheless, the practical applicability of this
systematization (as proven by its widespread use in the behavioral and social sciences)
shows the pragmatics of its application. In GIScience, an extension to the classification was proposed by [4]. As the original classification of Stevens is sufficient for our
purpose, we do not further discuss this extended classification.
Each measurement is influenced to a certain extent by uncertainty, but so far, most
research has focused on route directions that were supposed to be correct, or certain.
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Fisher [11] identifies two major types of uncertainty: 1) the probabilistic type occurring
when measuring well defined objects or their classes (often called error in measurement
science and relating to the difference between the observed and the true values), and 2)
the type of uncertainty originating from a vague or ambiguous definition of the object
or its class. This latter type of ambiguity includes sub-types relating to poor definition
of the object or class themselves (e.g., the boundary of a forest), or to the discrepancies
between multiple classification systems (e.g., when two observers cannot agree whether
an angular deviation is best referred to as straight or it is already a turn). We will build
on this classification of uncertainty in our systematization.

3

Defensive Wayfinding

This section will introduce the concept of defensive wayfinding. We will start by defining a few key terms, which will then be used to disentangle the types of uncertainty that
people (or machines) may include in their instructions. The typology of uncertainty,
presented in the next section, will be applied to study the impact on observations belonging to different types of measurements [32]. It distinguishes between descriptions
of actions and descriptions of location specifications.
3.1

Defensive Wayfinding and the Interpretation of Route Directions

We call the need to deal with instructions that are incongruent with the expected scene
due to uncertainty or a breach of common-sense expectations defensive wayfinding,
inspired by the term used for defensive driving—driving under adverse conditions. We
define it as:
Definition 1. Defensive wayfinding is a form of goal-oriented wayfinding occurring
under adverse conditions, where the wayfinder must exert excessive mental effort to
align, correct, supplement or find alternative interpretations of the information acquired from route instructions or signage because of a mismatch with the perceived
structure of the environment or with their own expectations about the environment.
Route directions generated by both human direction givers and computer systems
can include uncertainty originating from multiple sources: 1) the data (or mental knowledge) from which they are generated are incomplete, inaccurate, or based on an incompatible conceptualization of the world and its properties; 2) the reference selection algorithms and heuristics applied are wrong or do not consider some parameters of the
data; or 3) the process translating the computed path and spatial object references into
verbal directions or graphical depictions is inaccurate or ambiguous. In the remainder
of this paper, we do not focus on the causes of these issues anymore, but rather study
their manifestation.
Expanding on Frank [12], the process of interpreting route directions by the wayfinder
includes the reconciliation of four main sources of information:
1. the existing spatial knowledge of the wayfinder (if available);
2. information from the perceived physical environment;
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3. the information contained in the instructions, usually communicated through two
main forms: textual or verbal route directions, including destination descriptions.
and visualizations as maps, including sketches;
4. common sense heuristics based on learned patterns of behaving in a given environment (e.g., that people drive on the left side of the street in the UK, that highway
exits are numbered consecutively, or that the first digit in a hotel room number
relates to the floor on which it is found).
The misalignment between the environment and the received wayfinding instructions closely relates to the concept of correctness of maps as introduced by Frank [12].
Uncertainty impacts on route following when a route instruction is insufficiently detailed (e.g., incomplete), or when some of the referents or their attributes are not selected
correctly. This is the case of ambiguous directions, including situations when erroneous
information is provided as part of excessive detail and the instruction therefore contains
contradictions.
When common-sense assumptions of the wayfinder about the world are not satisfied
during wayfinding without prior notice in the route descriptions or some additional
source of information, the wayfinder may also commit wayfinding errors or have to
exert excessive mental effort to follow the route. In this paper, we specifically address
the content provided to wayfinders in route descriptions, along with the compatibility
of these descriptions with their common-sense assumptions (discussed in Section 5).
We leave the discussion of the role of prior spatial knowledge and the accuracy of their
own perception of the environment to future work.
3.2

Structure and Content of Route Instructions

Keeping in mind the research on good route directions (e.g., [1, 19]), we take an abstract
perspective on route directions in this paper. That is, we are not concerned with concrete
verbal or graphical instantiations of instructions. We consider them generally consisting
of two parts: an action part (i.e., a turn instruction), and a location specification, which
may be a place description or a street name. We will use the following terms throughout
the definition and discussion of our typology of route direction uncertainty.
Instruction The main element holding information for the wayfinder to follow at a
decision point. It consists of a combination of an action description and of a location
specification, where one of these parts may or may not be present, and each of
them may or may not be incomplete, incorrect, or not matching the common-sense
expectations of the wayfinder;
Action description The specification of the actions to take at a given decision point
(e.g., left, veer right).
Location specification is a description aiming at facilitating the identification of the
location where a turn ought to happen. It may consist of references to diverse elements of the city form [20] and usually includes a reference to the most salient
properties of the elements referred to, selected from all possible referents available in the intersection scene [30]. These properties may be, for example, colour,
name, shape, or egocentric position as it should be perceived by the wayfinder at
the decision point.
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Route is defined as a sequence of following segments and turns at intersections that
allow the wayfinder to follow a specific path. Routes are assumed to be correct and
complete, i.e., actually leading from origin to destination. Further, it should also be
possible to generate a correct and complete set of instructions for a route that would
guide a wayfinder to the destination, i.e., not only does the route exist, but it is also
describable.
Route Directions are a sequence of instructions communicated to the wayfinder and
intended to allow the wayfinder to reach the destination. In the case of turn-based
instructions, route directions prescribe the how of following the path, while in the
case of destination descriptions, they describe the where of the destination. Route
directions may be impacted by uncertainty—for example, be incomplete and incorrect.
Intersection scene provides the hypothetical full description of the environment at a
potential decision point. It contains references to all the possible turns and landmarks that can be included in an instruction, as well as signage. The concept of
intersection scene is important to be able to identify distractors in location specifications or action descriptions.
3.3

Uncertainty in Route Directions

If individual instructions describing the route do not represent minimum length referring expressions, i.e., exact, shortest possible specifications [5] of the action and location, the instruction may not be unambiguously decoded and the route may not be
followed successfully. Wayfinders may apply heuristics and combine the instructions
with their own environmental knowledge to follow such ambiguous instructions. When
wayfinders are able to detect one or multiple discrepancies with expected observations
of the environment, they may reduce their trust in either the provided directions and/or
the information they encounter in the environment (e.g., signage), and approach subsequent information cautiously.
Instructions that are not minimum-length referring expressions are sometimes issued to provide wayfinders with a heightened sense of security about the provided directions (e.g., ‘turn left at the red building, it is next to the church’). Contradictions in
route instructions may occur when a redundant amount of information is provided and
some part of this redundant information is incorrect (e.g., there is no church next to
the red building). If the information content is contradictory, this strategy of providing
extra information is actually counter-productive, as the excessive information leads to
insecurity about which part of the instruction is correct [2].
Instructions may also be underspecified, i.e., not provide enough information to
unambiguously specify what to do. This may happen because the instruction giver has
incomplete spatial knowledge, does not remember the spatial configuration correctly, or
does not realise that more information is required for some other reasons. Accordingly,
we define under- and overspecification of instructions as:
Definition 2. Underspecification in a route instruction is the provision of an insufficient amount of information about the action to be taken or the location where it should
be taken. It occurs when the instruction is not enough to decide which referent or action
is to be selected from the set of confounding elements of the intersection scene.
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Definition 3. Overspecification in a route instruction is the provision of too much information about the action to be taken or the location where it should be taken. It
occurs when the instruction contains excess information that is contradictory and, thus,
does not allow the correct referent or action to be selected from the set of confounding
elements of the intersection scene.
We apply elements of Fisher’s [11] classification of uncertainty as follows:
Definition 4. Error in a route instruction is the specification of an inaccurate, albeit
possibly precise observation value, and relates to the probabilistic component of uncertainty.
Definition 5. Ambiguity in a route instruction is an imprecise (to an extent that it may
also be missing) specification of an action or referent or its properties that allows for
multiple valid interpretations of the part of the instruction by the wayfinder.
Note that we do not explicitly distinguish vagueness from ambiguity here. Spatial concepts referred to in route directions often have a vague nature (e.g., a slight turn referred
to as veer right). As we focus on the interpretation of the information by the wayfinder,
the problem is manifested as a discord between the conceptualizations of the direction
provider and the recipient [11]. We believe that a further distinction is not necessary at
this stage.

3.4

Detectability of Uncertainty in Route Instructions

In a range of cases, the uncertainty in the provided route instructions may not be immediately evident to the wayfinder and may not be detected while taking an action
at a decision point. We call such uncertainty not detectable. However, the errors and
ambiguities may become manifest later along the route. If sufficient signals from the
environment allow wayfinders to realize that they are lost, they may be able to retrace
their steps and choose an alternative interpretation of the instructions and alter their
actions at a decision point where they suspect the instructions were not correct. The
identification of this place may not be always possible (this is when the wayfinder is
truly lost). In particular, if an observation can be matched to a non-intended referent
observable in a scene at a specific decision point, it means that the value of a property
referred to is inaccurate but precise. This is (in isolation) a non-detectable error that
may lead to a wrong action by the wayfinder.
Accordingly, our final definition captures this issue of misleading instructions that
may (literally) throw the wayfinder off track.
Definition 6. Detectability is the ability of a wayfinder to identify in-situ the possibility
that there is a problem with the given route instruction. This allows the wayfinder to
proceed cautiously (if possible, e.g., using heuristics) and to consciously backtrack and
take an alternative action at this point if the first heuristic proves incorrect.
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4

Route Following with Uncertain Instructions

We now analyze uncertainty in view of its detectability in-situ during route following,
by exploring the nature of the uncertainty, which again depends on the nature of the observation (location, action, or their properties) expressed in the instructions. We argue
that only if wayfinders can identify a problematic instruction they also can resiliently
resolve the situation during route following. We will introduce observations in function
of the applicable measurement levels that captured them, using Stevens’ classification
scheme [32]. In our examples, we use a simplified model of route instructions, considering only turn specifications for the action descriptions. These represent the most
common type of action descriptions and sufficiently illustrate the concept.
Tables 1 and 2 present the proposed typology of possible uncertainty types in route
directions, organized along two dimensions. First, we separate by component of an
instruction (the action description and the location specification). This separation is
reflected by having two separate tables; one for each component. Second, we use the
scales of measurements [32] to classify the way in which uncertainty impacts on different types of observations. This uncertainty is then further studied with respect to 1)
underspecification; 2) the selection of an erroneous referring expression; or 3) overspecification. We then evaluate whether this uncertainty is detectable in situ.
Figure 1 illustrates this typology with an example wayfinding situation. The correct
behavior in this fictitious example would be to turn left into the second street (Second
Ave). The situation in Figure 1a) is underspecified, as it is not clear which street to the
left to take. The situation in b) depicts a referring expression, which unambiguously
describes an action description / location specification combination, but it is the wrong
one for this particular route. The instruction in Figure 1c) finally is overspecified and,
thus, provides conflicting information, as the red house is in fact located at the first
left turn. In these examples, the ambiguity in examples a) and c) is detectable, i.e., a
wayfinder has a chance to realize that something is not quite clear when reaching the
first street (First Ave). The situation in b) is not detectable as it seems to be a perfectly
valid instruction that is clearly executable. Here, a wayfinder may only realize that
something is wrong when trying to execute one of the next instructions, in case these
cannot be matched to the environment anymore.
Two further types of uncertainty have been identified that are not further included
in the tables below, due to their specific nature:
Instruction omissions: this is the situation where a sequence of route instructions is
incomplete and does not fully specify the route. The instruction giver omits required
information about a decision point and the action to take there. Such a set of instructions
does not represent a full route description. The wayfinder essentially has no means to
recover from such a situation, and depending on the nature of the environment and prior
knowledge, may or may not be able to detect the omission and resolve the problem. In
measurement terms, this would be the case of a missing measurement.
Out-of-sequence instruction: this situation occurs when route instructions are not provided in the same sequence as decision points are encountered along the route. Again,
the resulting route description is not a referring expression. The wayfinder is likely to
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Table 1. Typology of uncertainty in the action (turn) description part of route instructions. Values
in the D? column [Y,N] specify whether the uncertainty is potentially detectable by the wayfinder
immediately at the decision point (as opposed to later along the route); a question mark indicates
that detectability is dependent on the concrete spatial situation.
Expression
Underspecified
D? Full referring expression D?
Overspecified
D?
Observation
1. Nominal Unspecified or ambigu- Y? Erroneously specified N Excessive turn refer- Y
ous turn reference:
turn reference:
ence that may confuse
•turn reference with
•‘left’ instead of ‘right’.
the wayfinder:
multiple matching pos•‘veer left’, which is
sibilities ‘turn LEFT
perceived as just left by
at . . . ’ where there are
the wayfinder, although
two options that could
both are correct interbe interpreted as left.
pretations.
2. Ordinal

specifi- Y
Missing or vague spec- Y Erroneous specification N Conflicting
ification of the ordinal
of the ordinal number
cation of the ordinal
number of the turn:
of the turn:
number of the turn:
•‘BLANK right at the
•‘take the first exit from
•‘turn at the second left,
roundabout’;
the roundabout’, where
at the red house’, but
•‘take SOME exit from
it should be the second.
the red house is at the
the freeway’
first.

3. Interval

Ambiguous or vague Y Erroneous specification N Conflicting specifica- Y
tion of the magnitude
specification of the relof the relative magniative turn magnitude:
tude of the turn:
of the turn:
•‘turn to 11 BLANK
•‘turn to 3 o’clock’,
•‘turn right to 9
UNITS. . . ’
where it should be 9
o’clock’.
o’clock.

4. Ratio

Ambiguous or vague Y Erroneous specification N Conflicting specifica- Y
specification of the
of the turn heading
tion of the headings
heading:
•‘turn to 30°’, where it
•‘turn right to −90°’.
•‘turn
to
azimuth
should be −30°).
approx. 30°’

Erroneous specification of the interval N
or its type for the referent:
•‘turn left in 20m’, but correct turn
would be in 200m

Unspecified or vague interval, or miss- Y
ing or vague specification of the referent described by the interval:
•‘in five BLANK UNITS’; ‘after SOME
minutes’.
Missing or ambiguous specification of Y
distance (quantity and/or units, metric
or temporal) from start of the route
(only applicable ratio scale):
•‘at the 15th BLANK turn left’.

3. Interval

4. Ratio

Erroneous specification of distance N
(quantity and /or units, metric or temporal) from start of the route:
•‘turn left in 5min from start’, but correct turn would be in 10min.

Erroneous specification of the ordinal N
number of the referent:
•‘turn after the third petrol station’, but
the correct one would be the second.

Missing or vague specification of the Y
ordinal number of the referent or of the
type of the referent:
•‘turn left at the BLANK roundabout’;
•‘turn left at the fifth BLANK’

2. Ordinal

Conflicting specification of the distance Y
(quantity and /or units, metric or temporal) from start of the route:
•‘turn left in 10min from start, at the red
house’, but the red house is 2min from
start

Conflicting specification of the interval Y
or it’s type for the referent:
•‘turn left in 200m, at the red house’,
but the red house is only 50m away

Conflicting specification of the ordinal Y
number of the referent:
•‘take the third roundabout, where the
red house is’, but the house is at the first
roundabout).

Table 2. Typology of uncertainty in the location specification part of route instructions. Values in the D? column [Y,N] specify whether the uncertainty is
potentially detectable by the wayfinder immediately at the decision point (as opposed to later along the route); a question mark indicates that detectability
is dependent on the concrete spatial situation.
Expression
Underspecified
D?
Full referring expression
D?
Overspecified
D?
Observation
1. Nominal Unspecified referent or its property:
Y? Erroneously specified referent or its N Reference to an excessive street or land- Y
•missing or incomplete street or landproperty:
mark or their property that may confuse
mark name or type ‘turn left into
•Incorrect street or landmark name
the wayfinder:
and/or type ‘turn left into First Ave’
•‘turn left at the big yellow-brick
BLANK Ave’ where you can see First,
Second, and Third Ave;
where Second Ave would be correct;
church’, however the church is red•missing or ambiguous street or land•incorrect street or landmark property
brick
mark property (e.g., physical characterreference uniquely identifying a nonistic) ‘turn at the yellow house’, but
intended (possibly non-existent) referthere are several yellow houses visible
ent ‘turn left at the yellow house’ where
the turn should be at the red house
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Third Ave

Third Ave

Third Ave

Second Ave

Second Ave

Second Ave

First Ave

First Ave

First Ave

a)

b)

c)

Fig. 1. Example illustrations for underspecified instructions, incorrect referring expression, and
overspecified instructions. The correct action would be to turn left at Second Ave: a) ‘turn left
into some street’; b) ‘turn left into the first street’; c) ‘turn left at the second street, where the red
house is’.

be able to detect the situation, and may apply heuristics to solve this situation. An instruction commission (the inclusion of an excessive instruction) is in principle a special
case of an out-of-sequence instruction. Depending on the nature of the environment, the
wayfinder may be able to recover from this type of uncertainty, but an excessive mental
effort is certainly needed to match the directions to the environment.
4.1

Measurement Scales and Route Instructions

On the nominal scale, elements of an intersection scene are simply differentiated by
attaching different labels to them. For example, an instruction may differentiate different turn options by using ‘left’ or ‘right’ as a label. However, depending on the spatial
configuration, turns may not be easily named in this way. Then some form of counting may be used, corresponding to an ordinal scale (e.g., ‘take the third exit from the
roundabout’). These may be the two most commonly used scales in route directions.
As actions are by their nature local, they are rarely anchored in a reference frame
that would allow the action descriptions to be related to an absolute origin. Accordingly,
interval and ratio scale are very rarely applicable in action descriptions. In the case of
turn specifications, interval scale requires the indication of a turn magnitude relative
to the wayfinder. One such case is the clock position angular specification. It is a system used in aviation and other mostly natural environments. We believe that azimuth
(heading) based, compass assisted navigation is the only case where a (cyclic) ratio
measurement scale is applicable [4]. These turns are anchored in an absolute reference
frame1 .
Interval and ratio scale may be more common for the location specification component. Still, employing the ratio scale for location specifications, while possible in principle, is rarely used. It is only applicable to instrument-assisted wayfinding (e.g., using
1

e.g.,http://www.toujourspret.com/techniques/orientation/
exploration/releve_gilwell.gif
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an odometer or GPS coordinates), and requires an absolute, continuous measurement
from the start of the route or some other absolute reference system. This measurement
scale is used in rally navigation2 , where ordinal and interval observations are still more
common.
An instruction employs an interval scale any time it mentions some kind of explicit
distance information (e.g., ‘in 2km turn right’, ‘after 5mins you’ll have to go straight’).
In human-generated route directions, such distance information usually only indicates
estimations (rather than precise measurements), however they still allow for a comparison of distance intervals, for example, 2km (meaning ‘a while’) vs. 200m (meaning
‘soon’). Ordinal and nominal scale capture references to spatial objects, be they landmarks or streets. If there are multiple similar referents that get distinguished through
counting (‘the third roundabout’), the description is on an ordinal scale, otherwise it is
nominal (‘the roundabout’).

4.2

Detectability of Uncertainty

For the action component of a route instruction (Table 1), errors and ambiguity are
possibly detectable in case the turn component is under- or overspecified. Since overspecification leads to uncertainty due to confusion—i.e., there is excessive information
which is internally in conflict and, thus, does not match the encountered situation—this
will always be detectable. Underspecified turn instructions are detectable if a wayfinder
can detect that there are multiple options and the correct one has not been unambiguously specified. This will be the case for instructions on the ordinal scale; here the
ordinal number is missing or only vaguely defined. On the nominal scale, underspecification is only detectable if any other option is visible when encountering the first
option. Imagine that in the example in Figure 1a) the instruction would be ‘turn left’.
This would be technically underspecified as there are multiple streets leading to the
left, however, a valid common-sense assumption would be to turn left the first available option. Thus, this kind of underspecification may be non-detectable (see also the
discussion in Section 5).
Arguments about the detectability of uncertainty in the location specification component run along similar lines as those for the action component (Table 2). Incorrect
referring expressions are essentially always not detectable in-situ as they unambiguously describe spatial configurations that are actually there and can be identified. Only
in cases where an instruction erroneously refers to an element that is actually not existing (e.g., ‘Smith St.’ instead of ‘Miller St.’), this may be ultimately detectable. However,
arguably, such an instruction would not be a full referring expression anymore. Overspecification again will lead to confusion and conflicts, which are always detectable.
Likewise, underspecification is detectable if it is evident from the instruction / spatial
configuration combination that the instruction is vague or ambiguous.
2

e.g.,http://www.ladakar.com/wp-content/uploads/2011/12/
Dakar-Assistance-Roadbook-1.jpg
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5

Defensive Wayfinding with Incongruent Expectations

Beyond the information inherent in the route descriptions, other expectations of the
wayfinder significantly impact on the interpretation of the references in route directions.
In this section, we briefly discuss some of these expectations that facilitate wayfinding. While we believe that an exhaustive catalogization of such expectations may not
be possible, we identify affordance expectations and common-sense beliefs among the
primary expectations that a wayfinder makes when relating the route directions to the
environment. If these expectations are not satisfied, the wayfinder resorts to defensive
wayfinding. We note that the wayfinder may only realize that they resorted to conscious defensive wayfinding if a certain (likely subjective) threshold of incongruity is
exceeded.
Affordance mismatch: this ambiguity occurs when an instruction that is otherwise correct cannot be followed by a wayfinder due to the mismatch of the environmental affordances with the wayfinder’s accessibility constraints [38]. For instance, a city wayfinder
may expect all of the streets referred to in the route directions to be accessible—either
legally (no private roads) or physically (e.g., no stairs on a path for a person with physical disability). Affordance mismatches often occur when roads are closed during roadworks or accidents. Depending on the nature of the route and the extent of the mismatch,
the wayfinder may be able to solve this problem by applying heuristics (e.g., make a detour). This situation is certainly detectable by the wayfinder and has a good likelihood
of being solved successfully.
Common-sense beliefs: common-sense beliefs fundamentally enable our daily interaction with the environment, and are fundamentally grounded in the assumption that others respect them as well. They may originate from codified frameworks and laws (e.g.,
traffic code stating the side of the road where one should drive), or be incrementally enforced by the frequency with which they are experienced (e.g., the experience that the
first digit of a hotel room number relates to the floor). If a source of information about
the route or perceivable in the environment violates such common sense assumptions,
the route giver should—if possible—emphasizes this to the wayfinder during direction
giving.
Signage interpretation is significantly grounded in common sense, with the signage
expected to satisfy a number of expectations: 1) the pictograms to have a standardized
meaning; 2) an expectation about the units used to indicate magnitudes in a given cultural environment (e.g., kilometers for distances in Europe); 3) numbered items (e.g.,
freeway exits, hotel room numbering) to be sequentially ordered; and others.
Hotel Wayfinding Scenario We illustrate how the violation of some of these assumptions can result in the confusion of a wayfinder in an indoor scenario. The environment
will be familiar to many participants of the COSIT 2013 conference—the Royal Hotel
Scarborough, UK. Our traveler–the first author of this paper–has been given the keys to
room 229. The following common sense beliefs are usually associated with such information: 1) the room will be on the second floor; 2) the room numbers will be organized
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sequentially; 3) room 229 will be located in the vicinity of room 228 and possibly room
230; 4) signage will be placed at decision points throughout the environment, especially
where the circulation system violates these assumptions.
At first, the wayfinder’s common sense beliefs hold. He takes the stairs to the second floor, where his common sense beliefs are reinforced, as directions to rooms in the
200 range are indicated (Figure 2(b)). The ranges include number 229, to the right (Figure 2(c)). The wayfinder circumnavigates the atrium (void in floorplan on Figure 2(a)),
but to no avail. Back to the first decision point he notices the signs on the opposite wall
(d). The ranges indicated, however, do not contain room 229! The wayfinder is now
actively in a defensive wayfinding mode. He assumes there is an error in the signage
(room 229 not found in the signed ranges) as well as an incompatibility with previous
assumptions (Room 601 in the range of the 200s, violated sequential ordering).
At this stage, a typical automaton would interrupt its action or require inputs from
an operator, while our wayfinder resorts to heuristics and tries his luck. The wayfinder
continues through a door, towards location (e). Again, 229 is not present, but 230 is, and
he expects 229 to be nearby. The trust towards the signage is now low and the wayfinder
is truly exploring. A room 218 is found along the corridor, matching the information on
the signs. At decision point (f), a door signed fire exit is in the way and the wayfinder
is unsure whether one is allowed to use it (possible affordance mismatch). The daring
wayfinder passes through anyway and is confronted with room 601. Following a nondescript door behind him, the wayfinder finds the sign indicating the rooms 230 − 233,
with room 229 there as well. Finally!

6

Discussion and Conclusions

In this paper, we have introduced the concept of defensive wayfinding as a type of
wayfinding requiring excessive mental effort to align, correct and supplement assistive
route information. Further, we have developed a typology of potential uncertainty in
route directions based on Stevens’ measurement scales [32] and Fisher’s typology of
uncertainty [11]. In the following, we will discuss our findings in the context of the current state of wayfinding research. However, while we have focused on route directions
in this paper, we believe that the general approach can be applied to systematizing errors in other forms of pragmatic communication as well, for example, in the description
of object locations in table-top or vista scenarios (e.g., [24, 40]).
Conciseness as a way to control confusion: As shown by [6], people favor conciseness
in the production of route directions, in particular avoiding excessive details in the descriptions of landmarks. Based on our formal exploration, we concur that excessive but
vague or erroneous information included in route directions may lead to confusion of
wayfinders and ultimately to erroneous heuristics applied by the wayfinders (cf. [31]).
Route knowledge as interpretation of survey knowledge: Verbal route directions provide sequentially presented, limited spatial information about the route. While maps—a
medium to capture survey spatial knowledge—have been extensively studied in terms
of spatial data quality, to our knowledge such frameworks do not exist for route spatial
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(a) Floorplan of the second floor of the hotel

(b) First decision point

(c) Signage at first decision
point

(e) Fourth decision point

(d) Second decision point

(f) Fifth decision point

(g) Destination
Fig. 2. Sequence of information at decision points when looking for room 229. The route (dashed
line in floorplan) to room 229 (g). Arrows > with letters b, c, d, e, f and g indicate placement of
signs depicted in Figures b, c, d, e, f and g.
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knowledge. We are hopeful that this paper will provide a starting point for the evaluation of diverse representations of route spatial knowledge. Local systematic errors in the
spatial data used for the generation of these route directions are hard to identify by the
wayfinders due to the selective nature of the information communicated. While a map
reader may be able to identify systematic errors in a map (e.g., all shops situated on
the wrong side of the street, or erroneous labels on all streets in a suburb), a wayfinder
receiving a limited description of a decision point where only the interpretation of the
original measurement impacted by the systematic error is communicated (e.g., ‘turn
right after the landmark, as opposed to before’; ‘. . . you will see a shop on your left’,
as opposed to right) usually has no such opportunity. This interpretation is often linked
to the transformation of the observation from one measurement scale to another, which
may further impede on the detectability of the error.
Defensive wayfinding and resilient heuristics in wayfinding: We have classified the
different types of measurements expressed in route directions. We believe that such a
systematization provides a starting point for the evaluation and benchmarking of the
outputs of route direction services. The question is whether uncertainty in route directions and incongruence with common sense could be modeled formally, in order to establish a computational agent able to evaluate the quality of the provided information,
as well as diverse defensive wayfinding heuristics and strategies. Individual propensity to challenge the received information is likely to play a large role in the strategies
employed by individuals. The above systematization may be modeled following the observation/knowledge model from Raubal and Worboys [27], and the extent to which the
wayfinder has lost trust in the provided directions may be operationalized using a slot
approach (cf. [23, 9]).
As noted, Brunye et al. [2] studied heuristics to deal with situations where a wayfinder
detects differences between the environment and the instructions. It remains to be explored to what extent would the accumulation of errors in a description lead to a change
in heuristics or a decrease in trust to a set of directions. In other words, our typology
could be used to better formulate hypotheses about the heuristics applicable in different
direction following situations [42, 2], leading to a systematic study of the mechanisms
with which wayfinders deal with defensive wayfinding situations. Similarly, our systematization will serve as a means to estimate whether route directions from different
systems may confuse the wayfinder and ultimately, could be used to implement strategies in systems that need to understand human instructions in a resilitent manner (such
as mobile robots, or indeed self-driving cars).
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