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Abstract

Objective: In current stroke care, cognitive problems are usually diagnosed in a stepwise manner. More specifically, screening instruments
are first applied to support healthcare professionals in deciding whether a second step (an extensive assessment) would be appropriate. None
of the existing screening instruments, however, takes navigation ability into account. This is problematic, as navigation impairment after
stroke has been shown to be common, more so than previously thought. The Wayfinding Questionnaire (WQ) is therefore presented as a
screening instrument for navigation-related complaints after stroke. The internal validity of the WQ was investigated in two samples of parti-
cipants to establish the final version.

Method and Results: In Study 1, the WQ was administered in a representative sample of 356 healthy participants. Its factor structure was
investigated using a principal component analysis. This procedure resulted in deletion of four items and revealed a three-factor structure:
“Navigation and Orientation,” “Spatial Anxiety,” and “Distance Estimation”. In Study 2, a confirmatory analysis was performed to directly
verify the factor structure as obtained in Study 1 based on data of 158 chronic mild stroke patients. Fit indices of the confirmatory analysis
indicated acceptable model fit. The reliability of the three subscales was found to be very good in both healthy participants and patients.
Conclusions: These studies allowed us to determine the final version of the WQ. The results indicated that the WQ is an internally
valid and reliable instrument that can be interpreted using a three-factor structure in both healthy respondents and chronic mild stroke
patients.
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Introduction

In the past decades, the neuropsychological literature has consistently reported that cognitive impairment is commonly
observed after stroke and might affect up to 50% of stroke patients (e.g., Duits et al., 2008). This finding is reason for con-
cern, as the presence of cognitive impairment has been associated with a negative influence on the outcome as well as with
significant functional problems in daily life (e.g., Galski et al., 1993; Zinn et al., 2004). It is thus vitally important to ade-
quately assess cognitive problems after stroke, given that the information obtained from the assessment can contribute to the
rehabilitation treatment, for instance in establishing the treatment strategy or in providing advice to patients and their care-
givers (Duits et al., 2008). It should, however, also be noted that an extensive cognitive assessment is a rather costly and
time-consuming procedure that might not be required for all stroke patients.
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To achieve efficiency in stroke care, cognitive problems in stroke patients are usually assessed in two stages. Screening
instruments are applied in the first stage to obtain an indication of the cognitive complaints that patients have. These instru-
ments are meant to support healthcare professionals in deciding whether or not it would be advisable to refer a patient for a
detailed cognitive assessment (i.e., for the second assessment stage). As an example of such a screening instrument, the
CLCE-24 has been developed as a checklist for the detection of cognitive and emotional problems after stroke and is suitable
to be used by healthcare professionals other than the trained (neuro)psychologist (Van Heugten et al., 2007). Obviously,
screening instruments are intended to be quick to administer, low in costs and require limited effort of the patient.

Screening instruments, such as the CLCE-24, cover a broad range of cognitive domains to be as sensitive as possible to
cognitive complaints that are known to be common after stroke. None of the existing screening instruments, however, takes
into account the ability to navigate. This is striking, as adequate navigation ability is crucial for engaging in the instrumental
daily life activities that allow for independent functioning in the community (McCusker et al., 1999). For instance, we usually
drive from home to the office in the morning. At the end of the day, we have to stop by the supermarket to buy the ingredients
for dinner on the way home and we might go out to visit a friend who lives in another part of the city in the evening. People
are thus required to find their way around to be able to participate in such activities.

A series of recent group and case studies has convincingly shown that brain damage resulting from stroke may have detri-
mental effects on the ability to navigate (e.g., Busigny et al., 2014; Claessen et al., 2016; Ino et al., 2007; Mendez & Cherrier,
2003; Van Asselen et al., 2006; Van der Ham et al., 2010). Using self-report measures, it has even been found that complaints
about the ability to navigate are relatively common after mild stroke (+ 29%; Van der Ham et al., 2013). All of these findings
indicate that navigation ability might generally be neglected in stroke care, given the fact that adequate screening instruments
for the detection of complaints about navigation impairment are currently lacking. The goal of the current paper is therefore
to present a short but comprehensive self-report screening instrument of navigation-related complaints that can be used in
clinical practice to decide whether formal testing of navigation ability is appropriate. If so, an objective navigation test could
be applied to determine the presence and severity of the navigation impairment (see for various examples: Arnold et al., 2013;
Barrash et al., 2000; Claessen et al., 2016; Maguire et al., 1996).

The Wayfinding Questionnaire (WQ), as presented by Van der Ham and colleagues (2013), appears to be the perfect starting
point for the development of a screening instrument of navigation-related complaints. Although the WQ has been used as a self-
report instrument of navigation ability in mild stroke patients before, it has not yet been investigated in terms of its psychometric
properties. The WQ was initially designed to account for the cognitive complexity that characterizes navigation behavior
(Brunsdon, Nickels, and Coltheart, 2007; Wiener, Biichner, and Holscher, 2009; Wolbers & Hegarty, 2010) and therefore
includes items concerning navigation (strategy), mental transformation, distance estimation, orientation, and sense of direction
(see Table 1). Moreover, the WQ also takes the emotional aspects of navigation behavior, that is, “spatial anxiety,” into account.
Spatial anxiety denotes anxious feelings related to performing navigation tasks (Lawton, 1994, 1996) and worrying about getting
lost (Schmitz, 1997). Spatial anxiety is a highly relevant concept in the context of navigation, as higher levels have been associ-
ated with less adequate and efficient navigation behavior (Walkowiak, Foulsham, and Eardley, 2015).

To summarize, our purpose was to investigate the psychometric properties of the WQ (Van der Ham et al., 2013) with the
aim to establish it as a short but comprehensive screening instrument for navigation-related complaints after stroke. As such,
the WQ could help healthcare professionals in determining whether or not objective testing of navigation ability is warranted.
As a first step in the validation process, the WQ was submitted to a careful analysis of its internal validity (i.e., factor structure
and reliability) in a series of two studies in the current paper.

STUDY 1: Factor structure and reliability of the WQ in a healthy sample

Method

Participants. In this study, data of 356 healthy participants (185 female, 52%) with a mean age of 48.0 years (SD = 11.2;
range = 18-87) were used for analysis. The majority of these data were extracted from databases of a number of other experi-
ments (manuscripts in preparation) in which we had asked healthy people to complete the WQ. Furthermore, the remaining
participants were recruited specifically for this study by the experimenters in several ways (e.g., via social media, word of
mouth, and our acquaintances). Their mean educational level was 5.8 (SD = 1.0; range = 2—7) based on the classification sys-
tem by Verhage (1964; possible range: 1 = “primary level education” to 7 = “finished university level education”). The
assessment of the WQ was performed manually (paper-and-pencil) or digitally after the participant had signed an informed
consent form. The study procedures satisfied the regulations as set by the local ethical review board and the Helsinki
Declaration.

9T0Z '€ JQUIBAON UO 12810 ARiq 1T AISIOAIUN/NN Jd %84101q1g YIS IPLINC Te /B10'S [euno .o X0 udey/:dny Wwoiy papeojumod


http://acn.oxfordjournals.org/

M.H.G. Claessen et al. / Archives of Clinical Neuropsychology 00 (2016); 1-16 3

Table 1. Descriptive statistics (means, standard deviations (SDs), and skewness) for all 26 items of the Wayfinding Questionnaire (WQ) based on the
responses of a group of 356 healthy participants

Item Mean SD  Skewness
1. I can effortlessly walk back a route I have never walked before, the same way I walked up. 4.68 1.73 —-0.57
2. When I am in a building for the first time, I can easily point to the main entrance of this building. 448 1.70 —0.53
3. IfI see a landmark (building, monument, intersection) multiple times, I know exactly from which side I have seen that 507 1.62 -0.82
landmark before.
4. In an unknown city I can easily see where I need to go when I read a map on an information board. 530 1.67 —-1.05
5. When reading a map, I constantly turn the map into the direction that I am going. 349 212 044
6.  Without a map, I can estimate the distance of a route I have walked well, when I walk it for the first time. 432 158 -0.43
7. Ican estimate well how long it will take me to walk a route in an unknown city when I see the route on a map (with a legend 447 1.55 —0.66
and scale).
8. Ican always orient myself quickly and correctly when I am in an unknown environment. 454 1.64 -0.53
9. Ialways want to know exactly where I am (meaning, I am always trying to orient myself in an unknown environment). 5.04 1.65 —0.84
10. I am afraid of losing my way somewhere. 5.15 1.72 -0.89
11. Iam afraid of getting lost in an unknown city. 5.17 1.75 -0.81
12. In an unknown city, I prefer to walk in a group rather than by myself. 498 1.85 -0.70
13. When I get lost, I get nervous. 471 1.85 —-048
How uncomfortable are you in the following situations (Items 14, 15, and 16):
14. Deciding where to go when you are just exiting a train, bus, or subway station. 492 1.57 -045
15. Finding your way in an unknown building (e.g., a hospital). 5.11 145 -0.59
16. Finding your way to a meeting in an unknown city or part of a city. 442 172 -0.20
17. 1find it frightening to go to a destination I have not been before. 549 172 -1.09
18. I can usually recall a new route after I have walked it once. 450 1.75 -041
19. Iam good at estimating distances (e.g., from myself to a building I can see). 452 159 -0.52
20. I can orient myself well. 489 1.66 -0.76
21. Tam good at understanding and following route descriptions. 5.19 147 -091
22. Tam good at giving route descriptions (meaning, explaining a known route to someone). 5.02 140 -0.75
23. When I exit a store, I do not need to orient myself again to determine where I have to go. 481 1.73 -0.58
24. 1 enjoy taking new routes (e.g., shortcuts) to known destinations. 4.88 1.83 —0.67
25. Thave a good sense of direction. 478 1.88 -0.71
26. I can easily find the shortest route to a known destination. 4.85 1.68 —0.67

Note: Scores on the Spatial Anxiety scale were reversed such that high values represent lower spatial anxiety and thus higher navigation ability.
SD = Standard deviation.

The Wayfinding Questionnaire. The WQ contains the 26 items as displayed in Table 1 (Van der Ham et al., 2013). The 26
items (in Dutch) were manually selected from a more extensive questionnaire (Bosch & Postma, unpublished thesis) consisting
of 106 items. The construction of this extensive questionnaire was based on literature review of all domains relevant to general
spatial ability. With the literature in mind, six domains were identified as relevant to general spatial ability: mental transforma-
tion, mental imagery, angle/distance estimation, orientation ability, navigational strategies, and spatial anxiety. In the next step,
items were adapted from existing questionnaires (e.g., Blajenkova et al., 2006; Hegarty et al., 2002, 2006; Lawton, 1994;
Lawton & Kallai, 2002; Pazzaglia et al., 2000; Schmitz, 1997) or newly developed to cover the six domains that were judged to
be relevant to spatial ability. The selection of items for inclusion in the WQ was based on whether the item addressed large-
scale spatial ability and not on the theoretical construct it covered. Further expert and nonexpert review was conducted to ensure
clarity of the items. Based on this approach, no constraints are likely to be imposed on the latent factors of the WQ.

The selected 26 items concerned questions about navigation (e.g., “I can effortlessly walk back a route I have never walked
before, the same way I walked up”), orientation (e.g., “I can orient myself well””), mental transformation (e.g., “When reading
a map, I constantly turn the map into the direction that I am going”), distance estimation (e.g., “I am good at estimating dis-
tances [e.g., from myself to a building I can see]”), and sense of direction (e.g., “I have a good sense of direction”). A number
of items on spatial anxiety (e.g., “I am afraid to lose my way somewhere”) were also included. Items were formulated as state-
ments and could be answered on a 7-point Likert scale, ranging from 1 (“not applicable to me at all”’) to 7 (“totally applicable
to me”). Items 14, 15, and 16, however, were formulated as questions and scores of 1 to 7 represented “not uncomfortable at
all” to “very uncomfortable,” respectively. With the exception of Item 5 and the spatial anxiety items, the WQ-items were
stated such that a higher score would reflect higher navigation ability.

Statistical analysis. Scores of Item 5 and the spatial anxiety items (Items 10-17) were reversed, such that a high score
reflected high ability and low anxiety. Subsequently, descriptive statistics and skewness values were calculated. Skewness
was considered to be present if this measure was below —1.0 or above +1.0.
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A factor analysis (i.e., principal component analysis; PCA) was then conducted on the questionnaire scores. This is a com-
mon approach to reveal the underlying domain structure and verify item redundancy (Pett, Lackey, and Sullivan, 2003). Prior
to the actual analysis, data appropriateness for this statistical procedure was established by addressing the correlation matrix
using the following criteria. Firstly, mean correlations between items should be >0.30 and <0.80. The Kaiser-Meyer-Olkin
(KMO) statistic as a sample adequacy measure for factor analysis should exceed 0.70 (Hutcheson & Sofroniou, 1999) and
individual KMO statistics should also be >0.70. Lastly, Barlett’s test of sphericity should be significant (p < .05), to indicate
that the correlations between the items are sufficiently large for factor analysis.

The actual PCA was then applied to reveal the underlying factor structure of the WQ. The number of factors was deter-
mined based on the eigenvalues; factors with an eigenvalue higher than 1.0 were retained. The proposed factor structure was
exposed to an oblique (oblimin) rotation to facilitate factor interpretation. An oblique rotation technique was used to allow
factors to be correlated, as the WQ-items measured different aspects of the concept of navigation ability but not concepts that
are expected to be unrelated. Factor loadings of >0.40 were defined as reflecting a meaningful relationship between the partic-
ular item and a given factor.

The reliability of the questionnaire was assessed by calculating the internal consistency (Cronbach’s o) of the subscales.
Reliability scores between 0.70 and 0.80 are interpreted as good, whereas scores above 0.80 reflect very good reliability
(DeVellis, 1991). However, reliability scores exceeding 0.95 might indicate item redundancy (Terwee et al., 2007). Internal con-
sistency was also assessed by correlating the mean scores on the subscales with the other subscales and the mean total score.

Lastly, the relationship between subscale scores and three demographical variables were investigated: gender (independent
t-tests), age, and educational level (Pearson correlations). Alpha level was set to 0.05. The statistical procedures were con-
ducted using IBM SPSS Statistics version 22.

Results and Discussion

Descriptives of the WQ. Descriptive statistics of the WQ are provided in Table 1. None of the items suffered from substantial
skewness (only Items 4 and 17 slightly exceeded the value of —1.0).

Factor analysis. Mean inter-item correlations ranged from 0.20 to 0.54, but only the mean inter-item correlation of Item 5
did not reach the criterion of >0.30. The KMO measure of sample adequacy was 0.945; very good and well above the crite-
rion of >0.70. Individual KMO values of sampling adequacy ranged from 0.890 to 0.975. Barlett’s test of sphericity was sig-
nificant, )(2 (325) = 6912.09, p < .001, indicating that the correlations between the items were sufficiently high for PCA.
Given the above, Item 5 was removed from further analyses.

The PCA was conducted on the remainder of the WQ-items. Three factors with an eigenvalue higher than 1.0 were
retained, commonly explaining 62.5% of the variance. The initial factor structure was subjected to an oblimin rotation to facil-
itate factor interpretability. Table 2 displays the factor loadings of the WQ-items on the rotated three-factor structure. No items
showed substantial cross-loadings (i.e., all items loaded above 0.40 on a single factor), which further supports the validity of
the three-factor structure. The first factor (“Navigation and Orientation”) consisted of fourteen items addressing several cogni-
tive aspects of navigation ability, such as pointing ability (e.g., Item 2), orientation (e.g., Item 8), and sense of direction (e.g.,
Item 25). All spatial anxiety items loaded on the second factor (“Spatial Anxiety”). Lastly, three items addressing estimation
of distances commonly loaded on the third factor (“Distance Estimation”).

Reliability analysis (internal consistency). Cronbach’s a was found to be very high (0.922) for the Spatial Anxiety subscale
(8 items) as well as for the three items of the Distance Estimation subscale (Cronbach’s o = 0.830). Cronbach’s a of the
Navigation and Orientation subscale was also very high (0.947), but such a high Cronbach’s a-value (i.e., around or exceed-
ing 0.95) may indicate item redundancy within the scale. Therefore, Pearson correlations were calculated between Navigation
and Orientation items and we screened for correlations higher than 0.80. Correlations between three item-pairs exceeded this
criterion: Item 1 and 2 (0.842), Item 8 and 25 (0.803) and Item 20 and 25 (0.834). Consequently, Items 1, 20, and 25 were
removed. Item 1 was removed because of its conceptual similarity to Item 18. In respect of the other two pairs, Items 8, 20,
and 25 were conceptually very similar (i.e., orientation and sense of direction). Item 8 was retained because it had the lowest
skewness value. Cronbach’s o had now slightly decreased to 0.921. Internal consistency was still very high, but no longer
approaching 0.95. Therefore, 11 items were retained in the Navigation and Orientation subscale.

Further assessment of internal consistency revealed significant weak to moderate correlations between mean subscale
scores: Navigation and Orientation and Distance Estimation (r = 0.648, p < .001), Navigation and Orientation and Spatial
Anxiety (r = 0.510, p < .001) and Distance Estimation and Spatial Anxiety (r = 0.382, p < .001). Subscale scores were also
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strongly and significantly correlated with the total score: Navigation and Orientation (r = 0.867, p < .001), Spatial Anxiety
(r=0.774, p < .001) and Distance Estimation (r = 0.824, p < .001).

Relationship with demographical variables. Women scored lower on all three WQ-subscales than men (see Table 3).
Because equality of variances could not be guaranteed for the subscales Navigation and Orientation and Distance Estimation
(Levene’s test: both p’s < .001), corrections of degrees of freedom were applied to these tests. Subscale scores were not
related to age and educational level, except for two weak positive correlations between Navigation and Orientation and age
(r=0.132, p = .013) and Spatial Anxiety and educational level (r = 0.156, p = .003).

Interim summary of Study 1. The internal validity of the WQ was verified in a large group of healthy people. The final ver-
sion comprised 22 of the original 26 items, divided over three subscales: Navigation and Orientation (11 items), Spatial
Anxiety (8 items), and Distance Estimation (3 items). All subscales were characterized by very good internal consistency,
weakly to moderately correlated to the other subscales, and strongly related to the total WQ-score.

Table 2. Factor loadings for the Principal Component Analysis of the Wayfinding Questionnaire (WQ) items (i.e., the pattern matrix) based on the responses
of 356 healthy participants

Item Factor 1 Factor2 Factor 3
1. Ican effortlessly walk back a route I have never walked before, the same way I walked up. 0.856
2. When I am in a building for the first time, I can easily point to the main entrance of this building. 0.770

3. If I see a landmark (building, monument, intersection) multiple times, I know exactly from which side I have seen that  0.750
landmark before.

4. In an unknown city I can easily see where I need to go when I read a map on an information board. 0.450

6. Without a map, I can estimate the distance of a route I have walked well, when I walk it for the first time. 0.796
7. Ican estimate well how long it will take me to walk a route in an unknown city when I see the route on a map (with a 0.867

legend and scale).

8. Ican always orient myself quickly and correctly when I am in an unknown environment. 0.753

9.  Talways want to know exactly where I am (meaning, I am always trying to orient myself in an unknown environment). 0.612

10. I am afraid of losing my way somewhere. 0.847

11. Tam afraid of getting lost in an unknown city. 0.873

12.  In an unknown city, I prefer to walk in a group rather than by myself. 0.734

13. When I get lost, I get nervous. 0.859

How uncomfortable are you in the following situations (Items 14, 15, and 16):

14. Deciding where to go when you are just exiting a train, bus, or subway station. 0.724

15. Finding your way in an unknown building (e.g., a hospital). 0.712

16. Finding your way to a meeting in an unknown city or part of a city. 0.701

17.  1find it frightening to go to a destination I have not been before. 0.810

18. I can usually recall a new route after I have walked it once. 0.841

19. Iam good at estimating distances (e.g., from myself to a building I can see). 0.788
20. I can orient myself well. 0.798

21. Tam good at understanding and following route descriptions. 0.631

22. Tam good at giving route descriptions (meaning, explaining a known route to someone). 0.482

23.  When I exit a store, I do not need to orient myself again to determine where I have to go. 0.750

24. 1enjoy taking new routes (e.g., shortcuts) to known destinations. 0.507

25. Thave a good sense of direction. 0.899

26. I can easily find the shortest route to a known destination. 0.771

Note: Only factor loadings higher than 0.4 are shown.

Table 3. Comparison of the mean scores on the three WQ-subscales for female and male healthy participants

Subscale Females Males t-value p-value Effect-size r
(n=185) (n=171)

Navigation and Orientation 4.49 (1.31) 5.35 (1.02) -6.97 <.001 0.35

Spatial anxiety 4.58 (1.38) 5.44 (1.23) —6.18 <.001 0.31

Distance estimation 3.78 (1.37) 5.15 (0.93) —11.11 <.001 0.52

Note: Standard deviations are displayed between parentheses. Scores on the Spatial Anxiety scale were reversed such that high values represent lower spatial
anxiety and thus higher navigation ability.

9T0Z '€ JOQUIBAON UO 128110 ARiq 1T AISIOAIUN/NN Jd %84101q1g YIS IPLINC Te /B10'S [euno .o xo udey/:dny Wwoiy papeojumod


http://acn.oxfordjournals.org/

6 M.H.G. Claessen et al. / Archives of Clinical Neuropsychology 00 (2016); 1-16

STUDY 2: Confirmatory factor analysis of the WQ in mild stroke patients

Method

Participants, Materials, and Procedure. Participants were chronic mild stroke patients who had visited the rehabilitation
clinic of De Hoogstraat Revalidatie or the rehabilitation department of the University Medical Center Utrecht (Utrecht, the
Netherlands) between 2007 and 2012. These inclusion criteria were applied: first or recurrent stroke, age 18 years or older, at
least six months since first stroke event, and living at home after rehabilitation. Reasons for exclusion from participation in
the study were the following: unable to communicate in Dutch, severe global aphasia, and severe mobility problems (i.e.,
patients had to be able to walk or bike outside without supervision). In total, 158 patients agreed to participate (by signing an
informed consent form) and were sent and requested to complete the 26-item-version of the WQ (see Study 1). The patient
group (64 female; 40.5%) had a mean age of 60.1 years (SD = 13.1, range = 22-96). Further breakdown of participants into
age categories reveals the distribution as presented in Fig. 1. Mean educational level in the patient sample was 5.2 (SD = 1.4,
range = 2-7; Verhage, 1964). Stroke characteristics are presented in Table 4. Time, since the most recent stroke event, was
40.5 months on average (SD = 25.6, range = 5-195). This information was available for 140 patients. The study protocol
complied with the Helsinki Declaration and was approved by the medical ethical committee of the University Medical Center
Utrecht (no. 12-198).

Statistical analysis. Only the 22 items of the validated version of the WQ (see Study 1) were taken into account in this study.
The spatial anxiety items (Items 10—17) were reversed, such that a high score reflects high ability and low anxiety. Eight miss-
ing scores due to ambiguous responding (0.2% of the total number of data points) were substituted with the patient’s median
score. The missing scores occurred in six patients (3.8% of the total sample), more specifically, four patients had one and two
patients had two missing scores.

A confirmatory factor analysis (CFA — a structural equation modeling approach) was applied to verify the three-factor
structure of the WQ as found in healthy participants (see Study 1) in chronic mild stroke patients. This technique enables test-
ing the model fit of a dataset to a specific factor structure of observed (or manifest) and underlying latent variables and to
directly compare the model fit with alternative factor structure models.

This statistical procedure was undertaken using the IBM SPSS Amos software (Arbuckle, 2013). This program applies
maximum-likelihood techniques to estimate the model parameters based on the covariance matrix of the manifest vari-
ables. Three indices of model fit, as recommended by Hu and Bentler (1998), were considered. Firstly, a non-significant
2 statistic indicates that the specified model is an adequate fit to the data. However, as y” is highly influenced by sample
size, the y*/df statistic has been proposed, with values lower than 2.0 reflecting good model fit. Two further fit statistics
were taken into account as well: The Comparative Fit Index (CFI) and the Standardized Root Mean Square Error
of Approximation (RMSEA). A CFI value higher than 0.90 is considered a fair fit, whereas a value exceeding
0.95 indicates a good fit. An RMSEA value of 0.08 or lower reflects a fair fit and a value of 0.05 or below is an indication
of good model fit.

Reliability (i.e., internal consistency) of the subscales and their relationships with three demographical variables were
investigated in a similar manner as Study 1. An alpha level of 0.05 was applied. Except for the CFA, the statistical procedures
were conducted using IBM SPSS Statistics version 22.
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Fig. 1. Distribution of mild stroke patients over age categories.
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Table 4. Stroke characteristics (type and location) of the patient group (n = 158)

n (%)
Stroke type
Ischemic stroke 110 (69.6%)
Hemorrhagic stroke
Intracerebral 27 (17.1%)
Subarachnoid 4 (2.5%)
Missing 17 (10.8%)
Stroke location
Supratentorial region
Left 64 (40.5%)
Right 53 (33.5%)
Bilateral 2 (1.3%)
Infratentorial region
Left 8 (5.1%)
Right 3 (1.9%)
Bilateral 9 (5.7%)
Missing 19 (12.0%)

Note: Patients are classified based on the stroke characteristics of their first stroke event. Twelve patients (7.6%) suffered from two stroke events; three
patients (1.9%) suffered from three stroke events.

Results and Discussion

Descriptives of the WQ. Descriptive statistics of the WQ-items are provided in Table 5. None of the items suffered from sub-
stantial skewness given values range from —0.6 to +0.2.

Confirmatory factor analysis. The fit of the data with a one-factor model was tested to establish a baseline and because such
a model has the highest possible parsimoniousness. This unitary model represented all 22 WQ-items on a single latent
variable. All fit statistics demonstrated a very poor fit of the data to the one-factor model: ;(2 (209) = 1278.53, p < .001;
2df = 6.12; CFI = 0.54; RMSEA = 0.18.

Next, the fit of the data with the three-factor structure (Study 1) was tested. The three distinct factors (Navigation and
Orientation, Spatial Anxiety, and Distance Estimation) were allowed to correlate. The fit statistics provided a better, but still
weak fit to the data: y* (206) = 605.29, p < .001; y*/df = 2.94; CFI = 0.83; RMSEA = 0.11. Nonetheless, the three-factor
model fitted substantially better than the one-factor model: A 2 (3)=673.24, p < .001.

The modifications indices revealed, among others, two plausible correlations between the error terms of item pairs.
Consequently, two correlations between error terms were added to the three-factor model, namely between Items 10 and 11,
and between Items 21 and 22. Content overlap is very high for both item pairs: Item 11 describes a more specific situation
than Item 10, and Items 21 and 22 share overlap in addressing the ability to understand and to provide route descriptions,
respectively. The adjusted three-factor model (with the two correlations between error terms included) was a significant
improvement over the three-factor model, A 4 (2) = 191.57, p < .001, and the fit statistics met or closely approached criteria
for acceptable fit: ;(2 (204) = 413.72, p < .001; ;(z/df = 2.03; CFI = 0.91; RMSEA = 0.08. The adjusted three-factor model
including its factor loadings is depicted in Fig. 2.

Reliability analysis (internal consistency). All three subscales showed very good internal consistency: Navigation and
Orientation (0.904), Spatial Anxiety (0.923), and Distance Estimation (0.826). A correlation analysis revealed weak to strong
correlations between subscales: Navigation and Orientation and Distance Estimation (r = 0.756, p < .001), Navigation and
Orientation and Spatial Anxiety (r = 0.353, p < .001) and Distance Estimation and Spatial Anxiety (r = 0.198, p = .013).
Moreover, all mean subscale scores showed strong correlations with the total score: Navigation and Orientation (r = 0.875,
p < .001), Spatial Anxiety (r = 0.670, p < .001), and Distance Estimation (r = 0.823, p < .001).

Relationship with demographic variables. Female patients scored significantly lower than male patients on all three subscales
(see Table 6). None of the subscales was significantly correlated with age. Educational level was weakly and significantly
related to the Navigation and Orientation subscale (r = 0.163, p = .04) and the Spatial Anxiety subscale (r = 0.204, p = .01).
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Table 5. Descriptive statistics (means, standard deviations (SDs), and skewness) for the final 22 items of the Wayfinding Questionnaire (WQ) items based on
the responses of 158 chronic mild stroke patients

Item Mean SD  Skewness
2. When I am in a building for the first time, I can easily point to the main entrance of this building. 430 190 —0.34
3. IfIsee a landmark (building, monument, intersection) multiple times, I know exactly from which side I have seen that 486 1.82 —=0.57
landmark before.
4. In an unknown city I can easily see where I need to go when I read a map on an information board. 459 198 -0.33
6.  Without a map, I can estimate the distance of a route I have walked well, when I walk it for the first time. 3.92 201 -0.07
7. Ican estimate well how long it will take me to walk a route in an unknown city when I see the route on a map (with a legend  3.83 1.98 —-0.01
and scale).
8. I can always orient myself quickly and correctly when I am in an unknown environment. 393 197 -0.02
9. T always want to know exactly where I am (meaning, I am always trying to orient myself in an unknown environment). 476 192 -0.49
10. I am afraid of losing my way somewhere. 446 207 -0.35
11. Iam afraid of getting lost in an unknown city. 448 2.09 -0.28
12. In an unknown city, I prefer to walk in a group rather than by myself. 4.03 237 -0.02
13. When I get lost, I get nervous. 425 224 -0.15
How uncomfortable are you in the following situations (Items 14, 15, and 16):
14. Deciding where to go when you are just exiting a train, bus, or subway station. 456 191 -0.22
15. Finding your way in an unknown building (e.g., a hospital). 462 199 -0.37
16. Finding your way to a meeting in an unknown city or part of a city. 390 197 +0.19
17. 1find it frightening to go to a destination I have not been before. 473 2.02 -0.38
18. I can usually recall a new route after I have walked it once. 432 197 -0.24
19. Tam good at estimating distances (e.g., from myself to a building I can see). 441 1.88 -0.34
21. Tam good at understanding and following route descriptions. 442 203 -0.42
22. Iam good at giving route descriptions (meaning, explaining a known route to someone). 448 193 —-0.41
23. When I exit a store, I do not need to orient myself again to determine where I have to go. 4.82 198 -0.60
24. Ienjoy taking new routes (e.g., shortcuts) to known destinations. 3.99 221 +40.06
26. I can easily find the shortest route to a known destination. 452 205 -041

Note: Scores on the Spatial Anxiety scale were reversed such that high values represent lower spatial anxiety and thus higher navigation ability.
SD = Standard deviation.

Interim summary of Study 2. The three-factor structure as established in healthy participants (see Study 1) was supported in
chronic mild stroke patients in Study 2. The CFA provided evidence for reasonable model fit of the data with the three factors
(Navigation and Orientation, Spatial Anxiety, and Distance Estimation). All subscales were characterized by very good inter-
nal consistency, weakly to strongly correlated to the other subscales, and strongly related to the total WQ-score.

General discussion

In current clinical practice, screening instruments for cognitive complaints are used on a regular basis in stroke patients to
decide whether or not extensive cognitive testing is needed. Existing screening instruments have, however, neglected an
important cognitive function, that is, navigation ability. Our aim was therefore to develop a short but comprehensive screening
instrument for navigation-related complaints after stroke. The WQ, as presented earlier by Van der Ham and colleagues
(2013), was considered the perfect starting point for developing such an instrument. First, in contrast to existing self-report
instruments of navigation ability (e.g., the SBSOD; Hegarty et al., 2002), the WQ takes both the cognitive complexity and the
emotional aspects of navigation behavior into account. Moreover, the WQ has already been used as a self-report instrument
of navigation ability in mild stroke patients (Van der Ham et al., 2013). However, its psychometrical properties had not yet
been evaluated. As a first step in the validation process, we examined its internal validity (i.e., factor structure and reliability)
in both healthy participants (Study 1) and chronic mild stroke patients (Study 2). The intended result of this approach was to
end up with the final version of the WQ, which can be used for further validation studies.

The two studies reported in this paper provide evidence in favor of the internal validity of the WQ as a self-report screen-
ing instrument of navigation-related complaints. The results showed that 22 out of the 26 original items were valid and best
divided over three subscales: “Navigation and Orientation,” “Spatial Anxiety,” and “Distance Estimation”. This three-factor
structure was found to be valid in both healthy participants and mild stroke patients, suggesting that the subscale scores can
be interpreted in the same way in these groups. Each of these results will be discussed in more detail below.

In the first study, the WQ was completed by a large, heterogeneous group of healthy participants. The exploratory factor
analysis (EFA) led to deletion of four WQ-items. One item was removed because it was related very poorly to the others and
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Fig. 2. The confirmatory factor analysis (CFA) results (i.e., standardized estimates) are displayed for the adjusted three-factor model. Boxes represent
observed variables (WQ items) and variables in ovals represent latent factors. All estimates are significant (p’s < .05). The results are based on the responses
of a group of 158 chronic mild stroke patients.

three items were deleted due to substantial content overlap. The EFA suggested the existence of three separate latent factors:
Navigation and Orientation (11 items), Spatial Anxiety (8 items), and Distance Estimation (3 items). Reliability was found to
be very high in this sample: The subscales displayed very high internal consistency, showed weak to moderate correlations
with the other subscales and were strongly related to the total WQ-score as well.
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Table 6. Comparison of the mean scores on the three WQ-subscales for female and male chronic mild stroke patients

Subscale Females Males t-value p-value Effect-size r
(n=64) (n=94)

Navigation and Orientation 4.00 (1.32) 4.76 (1.40) -3.44 .001 0.27

Spatial anxiety 3.94 (1.66) 4.68 (1.64) -2.77 .006 0.22

Distance estimation 3.36 (1.63) 4.53 (1.56) —4.53 <.001 0.34

Note: Standard deviations are displayed between parentheses. Scores on the Spatial Anxiety scale were reversed such that high values represent lower spatial
anxiety and thus higher navigation ability.

The three-factor solution, as proposed in Study 1, was directly verified in a representative group of 158 chronic mild stroke
patients. Confirmatory factor analysis (CFA — a structural equation modeling technique) enabled direct assessment of the
model fit of the patients” WQ-item scores with the three-factor structure resulting from the EFA in Study 1. Although model
fit was not perfect, the fit indices provided support for an acceptable fit. It should be mentioned that perfect model fit would
have been rather unexpected, as healthy participants and mild stroke patients are obviously different in their neuropsychologi-
cal status. Moreover, there were differences in age and educational level between the healthy participants and the patients.
More specifically, the patients were somewhat older and slightly lower in educational level than the healthy participants.
Nonetheless, the finding of an acceptable model fit indicates that no substantial difference exists in the manner in which the
healthy participants and patients perceived and responded to the questionnaire items. In addition, these results allow patients’
WQ-subscale scores to be interpreted in the same way as in healthy participants. Reliability was very high in the patient sam-
ple as well: Internal consistency of the subscales was very high, correlations between the subscales were weak to strong in
degree and the subscale scores were also strongly related to the total WQ-score.

Hence, the statistical analyses provided support, in both healthy participants and patients, for the existence of three latent
factors underlying the 22 items of the final WQ (see Appendix A). Firstly, 11 items covered multiple aspects related to the
more general concepts of “navigation” and “orientation,” which supports the notion of navigation ability as a complex cogni-
tive capacity (Brunsdon et al., 2007; Wiener et al., 2009; Wolbers & Hegarty, 2010). Secondly, eight items concerned the
emotional aspects associated with navigation, that is, experiencing anxious feelings when performing navigation tasks
(Lawton, 1994, 1996) and feeling worried about getting lost (Schmitz, 1997). We consider the inclusion of the concept of
“spatial anxiety” highly important, as it has been shown to affect navigation ability in a negative way (Schmitz, 1997;
Walkowiak, Foulsham, and Eardley, 2015). In addition, preliminary evidence suggests that spatial anxiety is not a situation-
specific derivative of general anxiety. Walkowiak and colleagues (2015) have recently shown that, in contrast to spatial
anxiety, general anxiety (based on the well-known State-Trait Anxiety Inventory) was not related to objective measures of
navigation ability (Walkowiak et al., 2015). These findings suggest that individuals with high general anxiety are not
necessarily high in spatial anxiety and vice versa. Lastly, three items addressed the specific ability to estimate distances
(Montello, 1997, 2009; Proffitt, 2006; Thorndyke, 1981), either based on direct experience (Item 6 and 19) or a map
(Item 7).

Investigation of the relationship between the subscale scores and gender revealed that men scored higher on all three sub-
scales' than female participants in both samples. This finding is borne out by a large number of studies that have revealed
gender differences in favor of males in navigation ability (e.g., Coluccia & Louse, 2004; Hegarty et al., 2006; Miinzer &
Holscher, 2011) and lower levels of spatial anxiety in males (e.g., Lawton 1994, 1996). With regard to future research, these
marked gender differences underline the need for development of separate WQ-norms for men and women.

In contrast, the relationships between the WQ-subscale scores and two other demographical variables, that is, age and edu-
cational level, were not as clear-cut as in the case of gender. In respect of age, previous research has convincingly shown that
actual navigation ability is negatively affected by increasing age (e.g., Cushman, Stein, and Duffy, 2008; Moffat, 2009).
However, no such effect (i.e., no significant correlations, except for one weak positive correlation in the healthy sample) was
found with regard to the WQ-subscales. Interestingly, Taillade, N’Kaoua, and Sauzéon (2016) have provided evidence for
this combination of findings in a single study. These authors reported age-differences in objectively measured navigation per-
formance favoring younger adults, whereas such a difference was not identified when comparing self-reported navigation abil-
ity between groups of young and older adults.

The absence of a significant correlation between self-reported navigation ability on the WQ and age is thus in congruence
with this recent paper as well as many earlier studies (see Taillade et al., 2016), and might result from several factors. Older
people might have higher levels of experience with navigation than younger adults and, consequently, more successful navi-
gation episodes to base their self-estimates on (Taillade et al., 2016). Another explanation might lie in metacognitive

! Scores on the Spatial Anxiety items were reversed such that high values represent lower spatial anxiety and thus higher navigation ability.
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difficulties in older adults, which might hinder them in providing accurate self-estimates. Last, domain-specific age stereo-
types might influence self-reported cognitive abilities in the elderly, that is, negatively affecting self-estimates of memory
function but not of spatial abilities (see Taillade et al., 2016). Hence, older individuals tend to overestimate their current navi-
gation abilities.

Weak positive relationships were identified between some of the WQ-subscales and educational level. These results indi-
cate that people with a higher level of education tend to report better navigation and orientation ability and lower spatial
anxiety as compared with lower-educated people.

Several strengths of this paper deserve to be mentioned. Studies 1 and 2 rely on large samples of healthy participants and
chronic mild stroke patients, respectively. The patient group consisted of patients with various stroke types and lesion loca-
tions (see Table 4) allowing initial generalization to stroke patients in general. Additional studies based on even larger sam-
ples per stroke type and patients with more severe stroke pathology could be helpful in confirming the generalizability of the
current findings. A further strength is the confirmatory approach taken in Study 2. The factor structure as established in
healthy participants (Study 1) was directly verified in a representative sample of mild stroke patients and was found to be
internally valid and reliable in this latter group as well. Given that the WQ is short (22 items), it seems particularly feasible as
a screening instrument of navigation-related complaints in stroke patients.

A few limitations of this paper should also be mentioned. First, the two studies specifically focused on establishing the latent
factor structure of the WQ and examining its reliability. Further research should therefore scrutinize the validity of the WQ. It
should also be mentioned that only chronic stroke patients were included for participation in the study. Further studies could
take other relevant acquired brain injury patient groups into account, for instance, patients suffering from traumatic brain injury
(e.g., Livingstone & Skelton, 2007) and Alzheimer patients (e.g., Cushman, Stein, and Duffy, 2008; delpolyi, Rankin, Mucke,
Miller, and Gorno Tempini, 2007; Pai & Jacobs, 2004) as navigation impairment also occurs regularly in these patient groups.

Another limitation lies in the fact that the WQ-scores rely on accuracy of the patient’s insight into actual navigation perfor-
mance in daily life. The dependence on self-insight is a common issue with the use of self-report measures in brain-damaged
patients, as insight in actual cognitive performance can be diminished or even absent after suffering from stroke (Orfei,
Caltagirone, and Spalletta, 2009; Starkstein, Jorge, and Robinson, 2010). Future research on the WQ could explore the feasi-
bility of a caregiver version to overcome full reliance on the patient’s self-insight. This would help in capturing navigation
problems in patients who are unable to provide an accurate indication of their abilities.

Notwithstanding these limitations, the current studies allowed us to draft the final version of the WQ based on the data of
healthy respondents. Results showed that the WQ-subscales are reliable in both healthy participants and mild stroke patients.
Furthermore, the three-factor structure was found to be a valid interpretation frame in both of these groups. We have shown
that the WQ is not only a short but also comprehensive instrument (22 items) as it covers the cognitive complexity of naviga-
tion ability and takes spatial anxiety into account as well. As the next step in the validation process of the WQ, we are
currently examining further aspects of its validity as well as its clinical utility (De Rooij et al., in preparation). In case this
follow-up study results in further substantiation of the validity and usefulness of the WQ, we consider this instrument to be
eligible for implementation in clinical practice as an assessment instrument for navigation-related complaints after stroke.
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Appendix
Wayfinding Questionnaire (WQ)
The following 22 statements are about navigation ability. For each of these statements, please

circle the number that best describes your ability to navigate.
The numbers 1 to 7 represent the following:

1 2 3 4 5 6 7
Not at all Almost never Rarely Sometimes Often Almost always Fully
applicable applicable to applicable applicable applicable applicable to applicable
to me me to me to me to me me to me

1. When I am in a building for the first time, I can easily point to the main entrance of this building.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

2. If I see a landmark (building, monument, intersection) multiple times, I know exactly from which side I have seen that
landmark before.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

3. In an unknown city I can easily see where I need to go when I read a map on an information board.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

4. Without a map, I can estimate the distance of a route I have walked well, when I walk it for the first time.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

5. I can estimate well how long it will take me to walk a route in an unknown city when I see the route on a map (with a leg-
end and scale).

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

6. I can always orient myself quickly and correctly when I am in an unknown environment.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me
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7. 1 always want to know exactly where I am (meaning, I am always trying to orient myself in an unknown environment).

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

8. I am afraid of losing my way somewhere.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

9. I am afraid of getting lost in an unknown city.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

10. In an unknown city, I prefer to walk in a group rather than by myself.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

11. When I get lost, I get nervous.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

How uncomfortable are you in the following situations (items 12, 13 and 14):

12. Deciding where to go when you are just exiting a train, bus, or subway station.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

13. Finding your way in an unknown building (for example a hospital).

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

14. Finding your way to a meeting in an unknown city or part of a city.
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Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

15. I find it frightening to go to a destination I have not been before.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me
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16. I can usually recall a new route after I have walked it once.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

17. T am good at estimating distances (for example, from myself to a building I can see).

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

18. I am good at understanding and following route descriptions.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

19. T am good at giving route descriptions (meaning, explaining a known route to someone).

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

20. When I exit a store, I do not need to orient myself again to determine where I have to go.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

21. I enjoy taking new routes (for example shortcuts) to known destinations.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

22. I can easily find the shortest route to a known destination.

Not at all applicable to me 1 2 3 4 5 6 7 Fully applicable to me

Scoring instructions:

Response possibilities range from 1 (“not at all applicable to me”) to 7 (“fully applicable to me”) for Navigation and
Orientation and Distance Estimation items. On Items 12, 13, and 14, scores of 1 to 7 represented “not uncomfortable at all” to
“very uncomfortable,” respectively.

Navigation and Orientation subscale: Item 1, 2, 3, 6, 7, 16, 18, 19, 20, 21, and 22

Spatial Anxiety subscale: Item 8, 9, 10, 11, 12, 13, 14, and 15

Distance Estimation subscale: Item 4, 5, and 17
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