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A clinical guide to assessment of navigation impairment: Standardized subjective
and objective instruments and normative data

Ineke J.M. van der Ham and Michiel H.G. Claessen

Health, Medical, and Neuropsychology, Leiden University, Leiden, the Netherlands

ABSTRACT

Objective: Problems with finding one’s way around are frequently reported by neurological
patients. However, no dedicated standardized tools exist to assess whether such reports indicate
navigation impairment or not. We provide a standardized three-step method to assess navigation
ability in neurological patients, based on two recently developed diagnostic tools and normative
data. The objective of this method is to assess navigation ability in detail, to allow for appropriate
rehabilitation training for navigation impairment.

Method: A population-based sample of 7150 Dutch individuals (age 18-89) filled out the
Wayfinding Questionnaire (WQ), to assess their self-reported navigation ability and level of spatial
anxiety. Additionally, the participants completed the Leiden Navigation Test (LNT), a brief digital
test consisting of five subtasks, assessing distinct domains of navigation ability. Both the WQ and
LNT can be found online, free of charge.

Results: Normative data stratified by gender and age are reported for each of the three subscales
of the WQ, and for each of the five subtasks of the LNT.

Conclusions: Based on performance data of a very large population-based sample of participants,
navigation performance of neurological patients with specific navigation complaints can be
assessed in three steps. First, we recommend to inquire about potential problems concerning
navigation. Next, in case of navigation complaints, the extent of potential navigation impairment
can first be measured with the WQ. Lastly, if impaired scores are found, the LNT can provide
objective verification of the perceived impairment, as well as insight into which navigation
domains are affected. Such insight will allow for prediction of the practical consequences of the
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impairment and can be used for informed and tailored rehabilitation.

Introduction

Spatial navigation is an essential element of many daily
activities, such as driving to work or walking to
a friend’s house, but also to find every item we need in
a grocery store. Many patients with acquired brain
damage report impaired spatial navigation (e.g., Bell,
2012; Busigny et al., 2014; Cushman et al.,, 2008;
Lemoncello et al., 2010; Livingstone & Skelton, 2007),
with rates ranging from 30% to 60% (Cerman et al,
2018; Van der Ham et al,, 2013; Van der Kuil et al.,,
2021). Not only does a lower level of navigation ability
negatively impact their mobility and autonomy in many
daily life activities, navigation ability is also positively
correlated with measures of quality of life (Stroke
Specific Quality of Life Scale, Post et al., 2011; e.g.,
Van der Ham et al., 2013). Empirical evidence for navi-
gation impairment primarily concerns stroke patients,
but recent studies also showed that navigation abilities
can be affected by pathological aging (Cerman et al,

2018; Cushman et al., 2008; Gazova et al., 2012) and
epilepsy (Bell, 2012; Grewe et al., 2014). More specifi-
cally, navigation impairment has been observed as
a significant behavioral marker of pathological aging,
particularly in early stages of the condition. As early
diagnosis of Alzheimer’s disease has obvious benefits,
a suitable behavioral measure of navigation ability could
have a significant role in the diagnostic process (see e.g.,
Allison et al., 2016; Boccia et al., 2019; Coughlan et al.,
2018; Lester et al., 2017; Tuena et al., 2021).

Despite the common occurrence of navigation
impairment, the assessment of navigation ability is typi-
cally not included in clinical practice. Moreover, it has
been found that existing standardized materials are
unable to provide a measure of navigation ability
(Nadolne & Stringer, 2001; Van der Ham et al., 2010).
Therefore, any indication of the level of navigation
ability is typically absent in neuropsychological exam-
inations. In recent years, numerous studies have
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assessed navigation ability in neurological populations
with experimental methods. Emerging technological
tools such as computerized and virtual environments
allow for the examination of navigation performance in
a highly controlled environment (e.g., Laczé et al., 2014;
Grewe et al,, 2014; Claessen et al, 2016a; M.H.G.
Claessen et al., 2017; Cogné et al., 2017). However,
these measures have yet to reach regular clinical practice
as part of widely available standardized, neuropsycho-
logical testing materials. Therefore, the main goal of this
article is to present a clinical guide to navigation impair-
ment, as a suggested method to approach navigation
complaints. Such a guide will not only support
a detailed diagnostic outcome, but will also provide
valuable input for the subsequent rehabilitation trajec-
tory. To this end we have integrated the theoretical and
clinical findings concerning navigation impairment
after acquired brain injury to provide a systematic prac-
tical course of action to be used when navigation com-
plaints are reported. This guide consists of a three-step
method to examine navigation ability in patients with
acquired brain injury, when they indicate to have trou-
ble finding their way around. The outcome of this clin-
ical guide is to obtain a detailed, objective description of
navigation impairment in an individual. Consequently,
the needs of the patient can be understood in light of the
characteristics of the impairment. Such needs can con-
sist of personalized cognitive rehabilitation treatment or
assistance to enhance navigation performance and
reduce negative consequences of the impairment.

Method
Target population

The target audience for the diagnostic approach for
navigation impairment concerns neuropsychological
patients in a broad sense. As mentioned, previous find-
ings indicate that within neuropsychological patients
with acquired brain injury navigation complaints are
highly prevalent (30-50%). As mentioned, recent litera-
ture highlights the importance of measuring navigation
ability in a clinically sound manner, as an impaired level
of navigation ability could be a valuable early marker of
pathological aging and contribute to the diagnostic
process.

It should be noted that the questionnaire and test
used, require a certain level of cognitive functioning of
the patient to be informative. It requires sufficient verbal
understanding of the instructions and questionnaire
items, and sufficient visual acuity to perceive the visual
input on a computer screen. Very low working memory

performance or processing speed may also result in low
performance, in the absence of navigation impairment.

Diagnostic procedure

The three steps of the proposed diagnostic procedure
concern the recommended course of action when navi-
gation impairment may be present in a patient.

Step 1: Navigation complaints First of all, we recom-
mend to explicitly ask a patient if he or she has any
complaints about their navigation skills. Often, such
a question is not typically included in the diagnostic
procedure and may lead to missing navigation impair-
ment. We consider the self-report of a complaint con-
cerning navigation skills an essential part of the
diagnostic procedure we present. The main goal of
following the diagnostic procedure is to identify the
specific characteristics of navigation impairment in an
individual, to optimize subsequent cognitive rehabilita-
tion. In order for such cognitive rehabilitation to be
effective, at least some awareness of the impairment is
key. The patient needs to be aware of the situations they
get lost in, and how the learnt strategies during training
can help to find their way in those situations. It is
possible that peer evaluation may detect an issue with
navigation before patient self-evaluation, in progressive
neurological conditions for instance, (e.g., a partner
may detect an increase in errors during walks). In such
cases, peer evaluation could precede self-reported com-
plaints in the diagnostic procedure. If a patient indicates
to have trouble navigation, we suggest to proceed to
the second step; which includes the Wayfinding
Questionnaire (WQ).

Step 2: Wayfinding Questionnaire

Next, the extent of the complaint should be assessed.
The first step of the suggested approach entails the use
of a validated self-report questionnaire to assess subjec-
tive navigation ability and spatial anxiety. The WQ has
recently been developed and validated to specifically
assess navigation performance in neurological patients
(Van der Ham et al., 2013; Claessen, Visser-Meily, de
Rooij, Postma, & van der Ham, 2016b; De Rooij et al,,
2019). The questionnaire consists of 22 questions dis-
tributed over three subscales; Navigation and
Orientation, Distance Estimation, and Spatial anxiety,
which are of particular relevance to the neurological
patient population. Navigation and Orientation directly
addresses the ability to navigate and orient oneself in
space, whereas Distance Estimation focuses on the spa-
tial ability to process metric information. Additionally,
Spatial Anxiety is of importance, especially in a clinical



context. Spatial anxiety was first coined in 1994 by
Lawton, and defined as “anxiety about environmental
navigation,” and operationalized by a brief question-
naire in which participants rated their level of anxiety
in specific spatial situations, concerning e.g., finding the
way in complex or unfamiliar environments (Lawton,
1994). In short, spatial anxiety reflects the level of anxi-
ety experienced in navigation-related situations. Spatial
anxiety has been proven to have a negative impact on
navigation ability (e.g., He & Hegarty, 2020; Lyons et al.,
2018) and is frequently reported by neurological
patients who indicate problems with navigation (e.g.,
Kremmyda et al., 2016; Van der Ham et al,, 2010). All
three subscales have shown very high internal consis-
tency (range alpha = 0.83-0.92) for stroke patients and
medium to high correlation between the subscales and
total score (range r = 0.67-0.88) (Claessen et al., 2016b).
Furthermore, validity and clinical usefulness have been
demonstrated in a comparison between stroke patients
and healthy controls (De Roojj et al., 2019).

As navigation problems are typically encountered in
healthy aging (e.g., Gazova et al.,, 2012; Lester et al,,
2017; Moffat, 2009) and may differ substantially in
time due to aging itself, a standardized assessment of
navigation impairment is in order. Additionally, sub-
stantial differences due to gender have been observed in
subjective measures of cognition, and navigation ability
in particular (e.g., Lemieux et al.,, 2019; Sieverding &
Koch, 2009; Van der Ham et al., 2020). Therefore, we
provide normative data for each of the subscales of the
Wayfinding Questionnaire, stratified by age and gender.
In a large-scale public experiment, a sufficient number
of participants was reached to provide a detailed nor-
mative dataset (Van der Ham et al., 2020).

Step 3: Leiden Navigation Test

If performance on the Wayfinding Questionnaire
gives rise to further examination, a digital test to objec-
tively determine navigation performance can be used.
The Leiden Navigation Test concerns a brief five part
assessment, which can be performed fully digitally. This
test has recently been published (Van der Ham et al,
2020) and it entails the presentation of a short video
through a virtual environment, along eight different
landmarks on a route, and five subtasks to reflect the
functional domains of navigation impairment.
Participants are instructed to pay attention to the
route shown to them, and are questioned about their
knowledge of the landmarks, route, and environment
after the video ends. The five subtasks systematically
address functionally separate domains of navigation
ability, as determined in earlier work. Claessen and
van der Ham (2017) and M.H.G. Claessen et al. (2017)
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have identified three distinct domains of navigation;
landmarks, locations, and paths. Extensive literature
review of case studies on navigation impairment
resulted in this categorization, as all case descriptions
could be meaningfully assigned to one of these three
domains. The landmark domain addresses the “What?”
question in navigation and concerns the ability to iden-
tify spatially relevant elements in an environment.
Landmark knowledge can be assessed by measuring
recognition of previously viewed landmarks (e.g.,
Janzen et al., 2008). The location domain concerns the
“Where?” question and reflects the processing of spatial
locations in an environment. Location knowledge fits
well with the commonly drawn distinction between
egocentric and allocentric processing (Klatzky, 1998).
A particular location can be coded either as being “to
my left” (egocentric location knowledge), or “north of
city hall” (allocentric location knowledge). Adopting an
egocentric perspective is generally easier and only
requires exposure to an environment from one particu-
lar viewing angle. An allocentric perspective, on the
other hand, relies on the mental map of an environ-
ment, in which viewing angle is disregarded. The third
category, paths, is the most complex and concerns the
question of “How to get there?.” It involves the spatial
context of a given landmark, which reflects how the
landmark location relates to one or multiple other ele-
ments in an environment. The frequently made distinc-
tion between route versus survey knowledge (Montello,
1998; Siegel & White, 1975) is applicable here: path
knowledge may concern either a specific route one can
take to reach a certain location (path route knowledge),
or allow a representation of a spatial configuration from
a bird’s eye perspective (path survey knowledge).
Figure 1 provides LNT screenshots for each of the
tasks included. In addition to the findings from patient
studies that support the functional distinction between
the different domains identified (Claessen & van der
Ham, 2017), also the outcomes on each of the LNT
subscales show clearly dissociable patterns of perfor-
mance across different age groups (Van der Ham et al,,
2020). Combined, these findings highlight the need to
assess performance on each of the subtasks in order to
assess navigation performance in a comprehensive
manner.

Especially age has been shown to impact navigation
ability (e.g., Gazova et al,, 2012; Lester et al., 2017;
Moftat, 2009) and consequently performance level in
the Leiden Navigation Test (Van der Ham et al., 2020).
Also gender has frequently been identified as a factor
explaining for individual differences in navigation (e.g.,
Coutrot et al., 2018; Gagnon et al., 2018; Munion et al.,
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Landmark ,.

i; = .
Have you seen this landmark on the route?
(Answer Yes/No)

Location - egocentric

Which of the arrows point to the endpoint of the route
(select 1 of 6 arrows shown)

Path - route

HEC L

In which direction did the route continue here? ~ Which of these three landmarks are located closest together?

(select correct arrow)

Location - allocentric

What is the location of landmark X on the map?
(select 1 of 4 locations shown)

Path - survey

(select two landmarks)

Figure 1. Images from the Leiden Navigation Test for each of the subtasks used.

2019), and impacted performance level to a limited
extent in the Leiden Navigation Test (Van der Ham
et al., 2020). Therefore, normative data is provided
here, stratified by gender and age. For a patient, their
relative performance within the appropriate norm
group can be determined for each of the five navigation
domains. Typically, in case of an impairment, very low
scores are found for a subset of the domains. The norm
data have been constructed to accommodate the stan-
dard neuropsychological test score interpretation. This
information can be used to identify which rehabilitation
strategy is most appropriate for an individual (see e.g.,
M.H.G. Claessen et al., 2017; M. N. Van der Kuil et al,,
2020).

Process description

Figure 2 provides a visual depiction of the different
elements of the proposed diagnostic procedure.
Importantly, the procedure is started when
a problem concerning spatial navigation is detected,
either by the patient themselves, the clinician, or by
a close relative or friend. Upon this detection, the
WQ is administered to assess whether or not the
subjective navigation performance is at an impaired

level. Next, if impaired subjective navigation perfor-
mance is detected, the LNT can be administered to
gain more insight into the characteristics of the
impairment. The LNT outcomes can indicate the
severity of the impairment as well as the functional
domains of spatial navigation that are impaired.

Both the WQ and the LNT materials including scor-
ing method and instructions are available online, free of
charge, in Dutch as well as English, at www.vanderham
lab.com.

Norm data collection

As described in Van der Ham et al. (2020) and Van
der Ham et al. (2021), an online public experiment
on navigation abilities was conducted. This large
scale experiment was performed in collaboration
with the Dutch Ministry of Education, Culture and
Science. As part of the national annual event “Het
weekend van de wetenschap” (The weekend of
science), an open invitation was distributed through
national media channels to participate in the experi-
ment. This lead to a large and heterogeneous sam-
ple of participants who agreed to participate in
a brief formal scientific experiment. The experiment
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Step 1 Navigation I . No diagnostics
: No >
complaints? recommended
Yes
Step 2 o
. . No subject
wQ Not impaired —» o subjective
navigation impairment
Impaired
Step 3 .. .
LNT Not impaired No objectlve navigation
mpairment
Impaired

Impairment

specification

Cognitive rehabilitation recommended

Figure 2. Flowchart of the proposed diagnostic procedure including the Wayfinding Questionnaire (WQ) and the Leiden Navigation

Test (LNT).

consisted of a few demographic questions and the
LNT. Additionally, if participants were willing to
participate a few minutes longer, they could opt to
also fill out the WQ. No compensation or other
incentive other than intrinsic motivation was
offered. The study was conducted according to the
declaration of Helsinki and approved by the ethical
committee of the institute of psychology at Leiden
University (#CEP17-0713/250).

Table 1. Sample description for the normative data of the
Wayfinding Questionnaire and Leiden Navigation Test, indicat-
ing number of females and males included for every age group
(in years).

Age group Females Males
18-29 750 284
30-39 410 194
40-49 612 290
50-59 1164 482
60-69 1239 730
70-79 460 430
80-89 50 55
Total 4685 2465

Participants

The total number of participants included in the current
dataset was 7150 and is described in Table 1. All parti-
cipants to the public experiment were included if they
had fully completed the demographic questions, LNT,
and had also completely filled out the WQ. In order to
create normative scores for males and females sepa-
rately, non-binary participants were excluded.
Participant ages were restricted to 18-89 years old, to
include only adult participants. Participants were
grouped in 10 year bins, with the exception of the
youngest age group, as this group included participants
with ages from 18 to 29 years old. An experiment with
online participants bears certain risks about e.g., ser-
iousness of participation and limited information con-
cerning participants’ health. However, both the size of
the current sample and a number of precautions were
taken to reduce such risks. The context of data collec-
tion (forming a normative dataset) was communicated
very clearly in all public communication about the
experiment. The experiment was featured in national
media (e.g., TV, radio, newspapers) in which it was
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clearly mentioned that a reliable normative dataset
could aid in neuropsychological diagnostic procedures
for e.g., stroke and dementia. The website on which the
experiment was posted clearly mentioned a version of
the experiment for healthy participants and a version for
those with acquired brain injury. A verification of neu-
rological health was included in the informed consent
text for healthy participants. Furthermore, the experi-
ment was explicitly supported by the Dutch ministry of
education, culture, and science and some of the partici-
pants were recruited through an official portal for neu-
roscientific research (www.hersenonderzoek.nl). In this
portal, health data is collected from all subscribers, and
researchers actively select their population of interest
(here: no neurological or psychiatric history). For the
sample used in the current study, an additional filter was
that all participants included filled out the WQ in its
entirety, which was optional. Only if they volunteered to
prolong their participation to the experiment for
another 10 minutes they are included in the data dis-
cussed here.

Materials

The normative data were calculated based on perfor-
mance on the WQ using the final version of the ques-
tionnaire, as described by Claessen et al. (2016a) and De
Rooij et al. (2019). The WQ consists of 22 questions,
distributed across three subscales (Navigation and
Orientation, Distance Estimation, Spatial anxiety)
which were all included.

The LNT data concerns a subset of the data reported
by Van der Ham et al. (2020); only those participants
who also completed the WQ and within the age range
18-89 were included here. The LNT consists of 5 sub-
scores: landmark knowledge, egocentric location, allo-
centric location, path route, and path survey. The
landmark knowledge score is based on 8 items, while
the other subscores reflect the mean performance of 4
items. See, Van der Ham et al. (2020) for further details
concerning task design.

Procedure

The experiment was conducted online, as part of
a nationally promoted public experiment. Participants
could join the experiment by smartphone or pc. Data
collection was open for a year, participants were able to
start the experiment at their own convenience. The
experiment started with a few demographic questions,
then the LNT was presented, which took around 10 min-
utes in total. Upon completion of the LNT the partici-
pant was asked if they would like to continue by filling

out an optional questionnaire or if they would prefer to
finish their participation. If they chose to fill out the
questionnaire, the WQ was presented in full, taking
another 10 minutes.

Analyses

The data was grouped based on gender and age group,
into 14 participant groups. For each of the groups, the
distribution of scores of each of the subscores was cal-
culated. In order to provide insight into this distribu-
tion, the following percentile scores were calculated: 1%,
2%, 5%, 10%, 25%, 50%, 75%, 90%, 95%, 98% and 99%.

Results
Wayfinding questionnaire

First, the scores on the WQ were analyzed. Tables 2 and
3 depict the percentile scores for each of the participant
groups, for females and males, respectively. Descriptive
statistics of the raw data are available in the supplemen-
tary materials.

Leiden navigation test

Next, the scores on the LNT were analyzed in the same
way. In Tables 4 and 5 the percentile scores for each of
the participant groups can be found, for females and
males, respectively. Descriptive statistics of the raw data
are available in the supplementary materials.

WQ and LNT scores

As the WQ and LNT are both tests of navigation per-
formance, at a subjective and objective level, respec-
tively, a substantial correlation between both measures
is to be expected. To this end, Pearson correlation coef-
ficients were calculated for all subscales. Table 6 shows
the outcomes of this analysis, with the correlation coef-
ficient for each combination of subscales, and level of
significance marked. Notably, the WQ navigation and
orientation subscale correlates significantly with all LNT
subscores. WQ distance estimation does not correlate
significantly with LNT landmark and LNT path route;
the two subscores that do not entail metric details of the
environment.

Discussion

The goal of the current study was to provide a clinical
guideline to respond to complaints of navigation
impairment in individuals with acquired brain injury,
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Table 2. Normative data for females, per age group for each subscale of the Wayfinding Questionnaire. For the Navigation and
Orientation and Distance Estimation subscales the range is 1 (low performance) to 7 (high performance). For the Spatial Anxiety

subscale the range is 1 (low anxiety) to 7 (high anxiety).

Females Age group 1% 2% 5% 10% 25% 50% 75% 90% 95% 98% 99%
Navigation and Orientation 18-29 15 1.82 2.27 2.82 3.64 4.64 5.36 591 6.18 6.36 6.64
30-39 1.66 191 2.27 291 3.73 473 5.45 5.99 6.27 6.55 6.64
40-49 1.36 157 2.06 273 3.73 4.73 5.45 5.91 6.27 6.52 6.81
50-59 1.55 1.76 2.27 2.73 3.55 4.55 5.27 591 6.27 6.52 6.73
60-69 173 2 2.45 291 3.64 4.55 5.36 591 6.18 6.55 6.69
70-79 1.6 191 245 291 3.73 473 5.45 591 6.18 6.36 6.62
80-89 2.09 2.1 2.78 3.18 3.73 4.55 5.38 5.91 6.3 6.64 -
Distance Estimation 18-29 - 1 133 1.67 2.67 333 4.67 533 5.67 6 6.33
30-39 - 1 133 1.67 2.67 4 5 5.67 6 6 6.33
40-49 - 1 133 2 3 433 5 5.67 6 6.67 7
50-59 - 1 1.67 2 3 4 5 5.67 6 6.33 6.67
60-69 1 1.67 2 3 433 5 5.67 6 6.67 -
70-79 - 1 1.67 233 3.33 4.33 5 5.67 6 6.33 7
80-89 1 1.01 2.03 2.67 3.33 417 5 5.97 6.33 6.99 -
Spatial Anxiety 18-29 1 113 138 1.63 2.25 3 4 5 5.63 6.25 6.38
30-39 - 1 1.25 138 2 2.63 3.75 4.88 55 6.13 6.49
40-49 - 1 113 1.38 2 2.88 3.88 5 5.92 6.5 7
50-59 - 1 1.25 15 2.13 3.13 4.25 5.25 6 6.5 6.63
60-69 - 1 1.25 15 2.13 3.25 4.38 538 6 6.5 6.75
70-79 - 1 1.25 1.63 2.28 3.25 4.25 5.25 5.75 6.47 6.68
80-89 - 1 1.14 1.39 2.1 3.13 4.75 5.37 5.63 6.97 -

Table 3. Normative data for males, per age group for each subscale of the Wayfinding Questionnaire.

Males Age group 1% 2% 5% 10% 25% 50% 75% 90% 95% 98% 99%
Navigation and Orientation 18-29 2.61 297 3.82 4.24 4.82 541 591 6.27 6.45 6.69 6.82
30-39 1.81 2.84 3.62 427 5.15 5.55 6 6.32 6.45 6.74 6.82
40-49 2.25 2.8 3.36 3.83 482 5.45 5.91 6.36 6.64 6.75 7
50-59 234 2.58 3.27 3.85 473 536 591 6.27 6.55 6.85 7
60-69 2.12 2.55 3.36 391 473 5.36 5.91 6.26 6.45 6.64 6.91
70-79 2.72 3 3.36 374 482 5.36 591 6.36 6.55 6.85 6.91
80-89 2.73 2.77 3.23 3.56 427 5.27 5.91 6.53 6.73 6.89 -
Distance Estimation 18-29 1 1.67 2.08 3 367 467 533 6 6 6.33 6.43
30-39 1.97 26 333 3.67 4,67 5 5.67 6 6.33 7 -
40-49 197 227 3 3.67 433 533 6 6.33 6.58 7 -
50-59 1.67 233 3 3.67 4.67 533 5.67 6 6.67 6.67 7
60-69 177 2.2 3 3.67 433 533 567 6.33 6.67 7 -
70-79 2 233 3 3.67 433 5 5.67 6.33 6.67 7 -
80-89 - - 2.67 3.67 433 5 567 6.33 6.67 - -
Spatial Anxiety 18-29 - 1 1.25 1.38 1.75 2.38 3.13 3.79 422 5.21 55
30-39 - - 1 113 1.63 2.13 2.88 3.63 425 5.04 6.03
40-49 - 1 113 125 1.63 2.19 3 4 456 538 55
50-59 - - 1 125 1.63 2.25 3 4 471 5.75 59
60-69 - 1 1.13 1.25 1.75 2.38 3.25 4.38 5 5.63 6
70-79 - 1 1.13 138 1.88 25 3.38 438 5.06 563 5.96
80-89 - - 1 1.13 2 2.88 413 473 5.05 5.58 -
based on normative data from a large population-based content of subsequent navigation rehabilitation

control sample. Navigation impairment is frequently
reported by neurological patients, but dedicated stan-
dardized testing materials are not yet available. By pro-
viding a clinical guideline with two standardized
diagnostic tools, with the current work we aimed to
facilitate informative diagnostic procedures concerning
navigation performance. The WQ and experimental test
battery LNT provide crucial elements for the proposed
diagnostic procedure, by providing measures of subjec-
tive and objective navigation performance, respectively.
Additionally, the outcomes can be used to guide the

exercises.

In the current study we provide normative data for
the WQ as well as the LNT, for the first time. Normative
data is presented by age, given the plethora of research
showing strong impact of age on navigation perfor-
mance (e.g., Moffat, 2009; Van der Ham et al., 2020).
Because of the substantial and representative sample
size, fourteen separate groups could be created, and
percentile scores were calculated for each participant
group ranging in size from 50 (oldest female participant
group, 80-89 year old) to 1265 for the 60-69 year old



494 I.J. M. VAN DER HAM AND M. H. G. CLAESSEN

Table 4. Normative data for females, per age group, for each of the subtasks of the Leiden Navigation Test.

Females Age group 1% 2% 5% 10% 25% 50% 75% 90% 95% 98% 99%
Landmark 18-29 0.5 0.5 0.75 0.75 0.88 0.88 1 - - - -
30-39 0.63 0.63 0.63 0.75 0.88 0.88 1 - - - -
40-49 0.5 0.63 0.63 0.75 0.75 0.88 1 - - - -
50-59 0.5 0.54 0.63 0.75 0.75 0.88 1 - - - -
60-69 0.5 0.5 0.63 0.75 0.75 0.88 1 - - - -
70-79 0.45 0.5 0.63 0.63 0.75 0.88 0.88 1 - - -
80-89 0.5 0.5 0.5 0.63 0.75 0.88 1 - - - -
Location Egocentric 18-29 - - - 0 0.25 0.25 0.5 0.75 0.75 0.75 1
30-39 - - - 0 0.25 0.25 0.5 0.73 0.75 0.75 0.75
40-49 - - - 0 0.25 0.25 0.5 0.75 0.75 0.75 0.75
50-59 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
60-69 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
70-79 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
80-89 - - - 0 0.19 0.25 0.5 0.5 0.5 0.75 0.75
Location Allocentric 18-29 - - - 0.25 0.33 0.67 0.75 1 - - -
30-39 - - - 0.25 0.33 0.67 0.75 1 - - -
40-49 - - - 0.25 0.33 0.5 0.75 1 - -
50-59 - - - 0 0.33 0.5 0.67 1 - - -
60-69 - - - 0 0.25 0.5 0.67 0.75 1 - -
70-79 - - - 0 0.25 0.33 0.67 0.75 1 - -
80-89 - - - 0 0.25 033 0.67 0.75 1 - -
Path Route 18-29 0.13 0.25 0.25 0.5 0.5 0.75 1 - - - -
30-39 0.25 0.25 0.25 0.5 0.5 0.75 1 - - - -
40-49 0 0.25 0.25 0.25 0.5 0.75 1 - - - -
50-59 0 0.25 0.25 0.25 0.5 0.75 0.75 1 - -
60-69 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
70-79 - 0 0.25 0.25 0.5 0.5 0.75 0.75 1 - -
80-89 - - 0 0.25 0.5 0.63 0.75 1 - - -
Path Survey 18-29 - 0 0.25 0.25 0.5 0.5 0.75 0.75 1 - -
30-39 - 0 0.25 0.25 0.5 0.5 0.75 0.75 1 - -
40-49 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
50-59 - 0 0.25 0.25 0.5 0.75 0.75 1 - -
60-69 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
70-79 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
80-89 - 0 0.14 0.25 0.5 0.5 0.75 0.75 1 - -
Table 5. Normative data for males, per age group, for each of the subtasks of the Leiden Navigation Test.
Males Age group 1% 2% 5% 10% 25% 50% 75% 90% 95% 98% 99%
Landmark 18-29 0.63 0.63 0.75 0.75 0.88 1 - - - - -
30-39 0.62 0.63 0.63 0.75 0.88 0.88 1 - - - -
40-49 0.5 0.5 0.63 0.75 0.75 0.88 1 - - - -
50-59 0.5 0.5 0.63 0.75 0.75 0.88 1 - - - -
60-69 0.5 0.58 0.63 0.75 0.75 0.88 1 - - - -
70-79 0.5 0.5 0.63 0.63 0.75 0.88 1 - - - -
80-89 0.5 0.52 0.63 0.7 0.75 0.88 0.88 1 - - -
Location Egocentric 18-29 - - - 0 0.25 0.25 0.5 0.75 0.75 1 -
30-39 - - - 0 0.25 0.25 0.5 0.75 0.75 0.75 1
40-49 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
50-59 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
60-69 - - - 0 0.19 0.25 0.5 0.5 0.75 0.75 1
70-79 - - - 0 0.25 0.25 0.5 0.5 0.75 0.75 0.75
80-89 - - - - 0 0.25 0.5 0.6 0.75 0.75 -
Location Allocentric 18-29 - 0 0.25 0.25 0.5 0.67 0.75 1 - - -
30-39 - - 0 0.25 0.33 0.67 0.75 1 - - -
40-49 - - 0 0.25 0.33 0.5 0.75 1 - - -
50-59 - - 0 0.25 0.33 0.5 0.75 1 - - -
60-69 - - - 0 0.25 0.5 0.67 0.75 1 - -
70-79 - - - 0 0.25 0.5 0.67 0.75 1 - -
80-89 - - - 0 0.25 0.33 0.67 0.75 1 - -
Path Route 18-29 0 0.25 0.25 0.5 0.75 0.75 1 1 - - -
30-39 0.24 0.25 0.25 0.38 0.5 0.75 0.81 1 - - -
40-49 0 0.25 0.25 0.5 0.5 0.75 1 1 - - -
50-59 0 0.25 0.25 0.25 0.5 0.75 1 1 - - -
60-69 0.08 0.25 0.25 0.25 0.5 0.75 0.75 1 - - -
70-79 0 0.16 0.25 0.25 0.5 0.5 0.75 1 - - -
80-89 - - 0 0.25 0.5 0.5 0.75 0.85 1 - -
Path Survey 18-29 - 0 0.25 0.25 0.5 0.5 0.75 0.88 1 - -
30-39 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
40-49 0 0.21 0.25 0.25 0.5 0.5 0.75 1 - - -
50-59 - 0 0.25 0.25 0.5 0.75 0.75 1 - - -
60-69 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
70-79 - 0 0.25 0.25 0.5 0.5 0.75 1 - - -
80-89 - - 0 0.25 0.5 0.5 0.75 0.75 1 - -
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Table 6. Pearson correlation coefficients for each combination of the WQ and LNT subscales. * p < .05, **p < .01.

WQ - Navigation and WQ - Distance WQ - Spatial LNT - LNT - location LNT - location ~ LNT - path
orientation estimation anxiety landmark egocentric allocentric route

WQ - Navigation and -

orientation
WQ - Distance 0.627** -

estimation
WQ Spatial anxiety —0.542%* —0.384** -
LNT - Landmark 0.065** 0.010 —0.054** -
LNT - Location 0.041%** —0.029* —-0.018 0.037** -

egocentric
LNT - Location 0.080%* 0.075%* —0.083** 0.132** 0.060** -

allocentric
LNT - Path route 0.113** 0.010 —0.086** 0.116%* 0.056** 0.139** -
LNT - Path survey 0.057** 0.066** —-0.030* 0.105** 0.052** 0.1171** 0.062**

females. Normative data was also split up by gender. In
existing navigation literature, gender effects are fre-
quently found (e.g., Jordan et al., 2004; Munion et al.,
2019). The strength of such effects appears to depend on
the specific task design of the task and possible spatial
strategies used by participants (see e.g., Jordan et al.,
2004). For the specific task design of the Leiden
Navigation Test, gender differences are limited. As
reported before, this is likely caused by the visual rich-
ness of the task design and the resulting spatial strategies
(Van der Ham et al.,, 2020). Yet, for the wayfinding
questionnaire, a pattern of male overestimation and
female underestimation, and a higher level of spatial
anxiety in females compared to males have been clearly
found. Therefore, a distinction between males and
females in the normative dataset is appropriate.

The suggested clinical guideline first entails the
assessment of a subjective report of a patient. In
case an individual with acquired brain injury reports
difficulties finding their way around, which cannot be
attributed to physical or other neurological causes
(e.g., limited mobility, neglect), the clinician can
administer the WQ. If the WQ shows impaired per-
formance on one or more of the subscales, this
indicates an impaired level of subjective navigation
performance and can be considered an indication
that administering the LNT could be helpful. The
LNT provides a clarification of objective navigation
performance, with subscores reflecting performance
on each of the functional domains of navigation
performance; landmark, egocentric location, allo-
centric location, path route, and path survey. The
WQ and LNT show significant correlation, in which
the navigation and orientation subscale is the most
representative, as it correlates significantly with all
subscores of the LNT. As the WQ distance estima-
tion subscale correlates significantly only with the
subscores of the LNT that reflect metric information
(location egocentric, location allocentric, and path
survey), this further substantiates the cognitive

constructs measures with these subscores. The addi-
tional detail in performance provided by the sub-
scores is therefore an essential addition to the self-
report scores. As previously found, the subjective
scores also appear to follow structural patterns of
over- and underestimation, related to age and gender
(Van der Ham et al., 2021). The objective perfor-
mance on the LNT therefore provides important
clarification. The outcome of the LNT can be used
to diagnose navigation impairment in detail, by ver-
ifying whether impairment can be detected objec-
tively, and by indicating which navigation domain
is affected.

The use of a navigation impairment diagnosis can be
highly valuable in interpretation of the complaints of
a patient and may provide input to cognitive rehabilita-
tion. Although in an experimental stage, there are multi-
ple navigation training protocols available
(Bouwmeester et al., 2015; Brooks, 1999; Incoccia et
al., 2009; Kober et al., 2013; Lloyd et al., 2009;
M. N. Van der Kuil et al., 2020), which in the future
may be developed into formal clinical rehabilitation
programs. If the impairment can be clarified in detail,
this allows for well-informed decision during rehabilita-
tion. For instance, a patient who specifically has trouble
with landmark recognition, may benefit more from
training the use of allocentric location information,
when a compensatory approach is chosen. Or a patient
who has difficulty reading maps could be trained to
improve their route learning skills to compensate for
this deficit (Van der Kuil et al., submitted). Apart from
cognitive exercises, the acquired information about the
impairment can also support detailed psycho-education.
Psycho-education has been shown to be successful tool
to help a patient understand the impairment, its cause,
and potentially also accept the impairment (e.g.,
Commissaris et al., 1996). Especially anxiety levels may
reduce as a result of this. Lastly, a certain level of self-
awareness is a key element for both psycho-education
and cognitive training protocols, highlighting the need
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for self-reported complaints as a main starting point of
the diagnostic procedure.

It should be noted that all data was collected
online, which is a potential limitation. However,
Van der Ham et al. (2020) have established that the
performance online on the LNT was highly similar to
performance in a formal lab setting. Furthermore,
a number of precautions were taken to ensure the
quality of the data. The precautions included formal
communication during recruitment to ensure healthy
participants would join and the context in which the
experiment was offered: there was a separate version
for people with a neurological condition through
a separate link on the same webpage. Moreover, the
current online approach offers the opportunity to
also perform this diagnostic procedure online in
a clinical setting, reducing the need for lengthy
appointments and travel time for patients.
Furthermore, the data is based on sample of exclu-
sively Dutch participants who responded to an open
invitation to participate, this may have resulted in
a sampling bias to some extent. Education level may
have been skewed (relatively high level of education
in the sample) and distribution across gender and
age was uneven. Nevertheless, the sample size of
7150 participants can be considered very substantial
and given its wide distribution across ages 18 to 89,
the sample is expected to be sufficiently robust.

In short, with this study, we provide a clinical guide-
line to address navigation complaints in individuals
with acquired brain injury. To this end, the diagnostic
tools WQ and LNT can be used, along with the norma-
tive data presented here. In future developments, the
detailed diagnosis of navigation impairment could be
used to optimize cognitive rehabilitation programs to
improve navigation skills in patients.
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