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ABSTRACT
Background: Geographical/geometric indicators like azimuth provide 
a real-time and low-cost method of measuring spatial performance 
during navigation, especially in view of their accessibility on mobile 
phones in the form of a compass or GPS. This study aimed to investigate 
azimuth-based assessment of spatial orientation performance and its 
potential in diagnosing cognitive problems.
Methods: This was a descriptive survey, and included multivariate 
logistic regression and multi-layer neural network analysis. We 
measured the spatial orientation performance of participants using 
an azimuth-based compass. Their demographic data, including age, 
gender, years of driving experience, field of study, and cognitive 
health status were collected. The statistical population consisted of 
52 females and 48 males, 18 of whom had experienced cognitive 
problems in their lives. The participants were from different ethnic 
backgrounds living in the US, and in the age range of 20-85. The 
census method was then applied. Multivariate data analysis was 
conducted to illustrate the effectiveness of each feature variable 
on spatial orientation performance. Logistic regression was run by 
fitting a logit function, and multi-layer neural network analysis was 
developed and evaluated to predict the risk of cognitive problems 
based on spatial orientation performance and four other features 
under study. 
Results: Multivariate analysis showed that participants’ age 
(P=0.005), years of driving experience (P<0.001), and cognitive 
problems (P<0.001) contributed to predicting spatial orientation 
performance. Those who had experienced cognitive problems 
deviated 13.50 degrees from the destination with increasing age. 
The accuracy of the fitted logit model by NN analysis over training 
process was 0.8, indicating that the model can predict 8 out of 10 
cases accurately.
Conclusion: According to the findings, azimuth-based assessment 
of performance and other demographic data could be an appropriate 
means of determining individuals’ spatial orientation ability, 
especially when performed on larger and more homogeneous groups.
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Introduction
Many of our daily activities, especially 

those related to spatial navigation skills, 
can be easily assessed using authentic, 
real-time, and inexpensive geographical/
geometric indicators (1-3), whereas situation-
controlled, simulated, and expensive tests 
are generally conducted in clinical settings 
(4, 5). Most common advanced clinical tests 
are also performed on patients struggling 
with cognitive deficits or impairments (6, 7).  
Given the experimental manipulation of 
virtual environments, the nature of individual 
performance in these settings is different 
from that of the real world (8).

Since the spatial ability deficits like 
disorientation or defective spatial navigation 
can be considered as an early symptom of mild 
cognitive impairments, including Alzheimer’s 
disease, aging brain and dementia, a more 
accurate assessment of individual performance 
in these areas allows for a better diagnosis of 
the conditions in question (9-11).

Like a compass or global positioning system 
(GPS), most spatial monitoring devices use 
specific geographical/geometric indicators like 
azimuth and elevation during a navigation task 
(12). They can measure the accuracy of spatial 
performances such as spatial orientation and 
route finding via these indicators, which are 
now available on mobile phones for free and 
are accessible to all users (13). 

Since measuring spatial ability is a major 
diagnostic test for detecting imminent cognitive 
impairments, spatial orientation performance 
was considered as the main component of 
the navigation task in this study. A survey 
of literature on real-time spatial navigation 
indicators reveals that a direct observation 
of the azimuth of orientation produces more 
authentic assessment results (14), compared 
to the traditional paper-pencil tests or virtual 
reality-based navigation tasks (15, 16). 

Research shows that an individual’s 
performance in spatial tasks depends on 
various factors directly or indirectly related 
to their cognitive function. There is ample 
empirical evidence suggesting that aging 
has a significant effect on spatial abilities 

and often leads to declined levels (17-19). 
Studies have also demonstrated a difference 
in spatial navigation strategies and subsequent 
performances between men and women 
(20-22). Moreover, performance in such 
tasks is associated with some routine daily 
activities like driving skills. Prior studies 
indicate that performance in multifactorial 
tasks involving visually mediated executive 
functions and visual-spatial skills is related 
to driving performance (23-26). The other 
factor affecting spatial performance can be 
an individual’s mathematical knowledge 
and background, especially in geometry 
and spatial disciplines. Evidence suggests 
that the more familiar a person is with 
spatial knowledge and geometry, the better 
performance they display in spatial tasks. 
Studies also show that engineering students 
have a higher performance than others in 
spatial tasks, especially those related to 
the visualization of rotation. These skills 
have gradually become a standard tool for 
assessing an engineering student’s academic 
and career achievements (27-31). 

This study was thus conducted to assess 
individuals’ performance in a real-world 
spatial orientation navigation task, taking into 
account their age, gender, years of driving 
experience, fields of study, and a history 
cognitive impairments (if any) in their lives. 
Therefore, the main objectives of the study 
can be summarized in two research questions:

1- What demographic factors (age, gender, 
driving experience, field of study, and 
cognitive problem) affect individuals’ spatial 
orientation performance?

2- To what extent can we rely on 
individuals’ performance in a spatial 
orientation navigation task, along with the 
abovementioned demographic characteristics, 
to predict the risk of cognitive problems?

Methods
Research Design

This was a descriptive survey and included 
multivariate, logistic regression, and multi-
layer neural network analysis. We measured 
the spatial orientation performance of 
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participants using an open-access azimuth-
based iOS compass. The participant’s 
demographic information, including age, 
gender, years of driving experience, field of 
study, and cognitive problems (if they had 
experienced in their life), was collected, 
and a dataset consisting of information on 
100 participants and their spatial orientation 
performance was obtained. The collected 
data were analyzed using Rstudio 3.6.1 and 
Python 3.8.

Participants and Sampling Method
The study sample encompassed students 

and staff from different universities such 
as Boston, Harvard Medical School, 
Northeastern, Texas, and Michigan (n=100). 
A particular set of criteria were considered 
in selecting the participants, and then the 
census method was applied (32). Given the 
emphasis in the literature on the effects of 
aging, gender, and educational fields on 
spatial skills, individuals of different ages 
(ranging from 20 to 85 years) were included 
in the study, who were mostly homogenous 
in terms of gender. To include participants 
from various academic disciplines (related 
to engineering, geometry, mathematics or 
other fields), they were selected from different 
institutions. Based on the study’s main goal, 
it was required to have participants with 
cognitive problems or impairments; therefore, 
about 35% of the population were selected 
from CVS Pharmacies, Boston Medical 
Center, and the Neuroscience Department 
of Ascension Park Providence Hospital in 

Michigan. 

Time of the Study, Inclusion and Exclusion 
Criteria

The study was carried out in the United 
States of America from October 2019 to 
February 2020. There was no limitation in 
selecting the participants; however, the basic 
familiarity with navigational activities such 
as angles, directions, and rotation ability was 
necessary to perform the spatial orientation 
task. The only exclusion criterion was the 
participant’s unwillingness to participate in 
the research or test. First, the experimental 
setup was orally explained to the research 
population, all of whom could do the tasks 
well. They were included in the study, and 
their willingness to participate in the test 
were considered.

Data Collection Tools
The participants’ basic information 

was asked from them and collected by the 
researcher. Data were coded, summarized, 
and recorded in an excel file (.xls), then 
imported as a dataset in Rstudio. To assess 
the participants’ spatial orientation ability, a 
free open access iOS application developed by 
Savvas Petrou in 2012 (Compass-PRO) was 
used. It is a gyroscope-enhanced compass 
that tracks the participants’ orientation by 
following magnetic azimuth. Its interface and 
function are shown in Figure 1.  

To use this application, the participants had 
to remain at a point; the initial direction of 
their face showed their magnetic azimuth at 

Figure 1. Compass-PRO’s interface and function while tracking Magnetic Azimuth of a direction with 
distance.
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that point via Compass-PRO; then, they were 
asked to rotate clockwise by 80 degrees and 
traverse a distance of 5 feet. Finally, when the 
participants completed the task at the final 
position, their overall orientation was tracked 
via the app by following the magnetic azimuth.

Validity and Reliability of the Measurements
In this study, two different measurement 

tools(Compass-PRO application and 
Electronic Gyroscope) are adopted, which 
are usually known as valid and equivalent 
tools for tracking azimuth. To determine 
Compass-PRO measurements’ reliability, the 
spatial performance of 40 participants was 
re-measured by a gyroscope. Regarding the 
nature of the variable (numerical/quantitative), 
Pearson’s correlation coefficient analysis 
was run (33), and two measurements were 
positively correlated (r (38)=0.98, P<0.001). 

Statistical Methods
A generalized linear model was run to 

the dataset to detect which features of the 
participants can be used to predict the output 
response variable based on the linear order of 
several explanatory input variables. A Logistic 
regression analysis was run by setting the 
cognitive problem as a binomial output and all 
five other variables as inputs. Logistic binomial 
regression, often known as Logistic regression, 
is also used to predict the probability of 
observation. It falls into one of two categories 
of a dichotomous dependent variable based on 
one or more independent variables, which can 
be either continuous or categorical. Logit link 
function with the binomial family was used 
in this analysis, and the fitness of the model 
was assessed using Mcfadden’s pseudo‐R‐
squared (34-36). Finally, following the 
implementation of an artificial neural network 
system via Logistic Regression analysis of 
inputs and output stream, we were to capture 
the relationship between the input features 
of age, gender, years of driving experience, 
field of study, and participant’s performance 
in the spatial orientation test with the output 
feature of cognitive problem. A multi-layer 
neural network analysis was also run. The 

NN model was extracted with inputs/output 
weighted connection map and Logit activation 
function via allocating three hidden layers 
that each hidden layer included 32 number of 
neurons as hidden units and associated weights 
and biases. For each hidden layer, a Rectified 
Linear Unit (ReLU) activation function was 
applied. The activation function applied to the 
output layer was a Sigmoid or Logistic function 
selected based on the binary attribute of the 
dataset output. After allocating the model 
to the dataset, the final step was training it. 
The ANN model’s training process was run 
to optimize parameters, empower prediction, 
obtain the best set of weights in a stimulant 
combination of all parameters, and pick up 
the most accuracy (37, 38), for the training 
process dataset was divided into training and 
test sets. The training set is used to optimize 
the prediction procedure, and the test set is a 
criterion to calculate the model’s accuracy in a 
different training cycle (39). The ANN model 
ran for 20 epoch cycles. The parameters were 
initialized with random weights and biases, 
and data were shuffled to ensure data point 
samples, 90% of the samples were used to train 
the ANN model, and the other 10% were left 
for the validation with three hidden layers (40). 

Results 
Demographic Data Analysis

The participants were from different racial 
categories (Asian, White, Black American, 
Latino) with the age range of 20-85 years and 
the mean age of 42.52 and standard deviation 
of 15.01; of whom 52% were women, and 
48% were men. The field of study of 60 
participants was related to mathematics 
(including engineering, geometry, and 
mathematics), and 40 other participants were 
studying other fields (including medicine, 
natural science, law, and education). They 
also had 14.08 years of driving experience 
on average with a standard deviation of 12.13. 
Eighteen participants reported that they had 
experienced mild cognitive problems (any kind 
of cognitive deficit, impairment, or declining) 
in their life and 82 others acknowledged that 
they were perfectly healthy.
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Multiple Linear Regression Analysis
To answer the first research question, 

multiple linear regression was used to predict 
participants’ performance in the spatial 
orientation test based on their age, gender, 
field of study, years of driving experience, 
and cognitive problem. A significant equation 
was found (F (5, 94)=18.72, P=7.166e-13) at 
P=0.01 with R-squared of 0.49 and adjusted 
R-squared of 0.40. When R-squared is 
approximately equal to adjusted R-squared, 
the independent variables added to the model 
are selected correctly.

The multivariate data analysis results 
determine the relative contribution of each 
of the predictors to the total performance. 
Analysis indicated the importance of all inputs 
except gender (P=0.40) and field of study 
(P=0.48) with the participant’s performance. 
Participant’s spatial performance is equal to 
82.294 – 0.516(age)+0.766 (years of driving 
experience) – 13.505 (cognitive problem). 

In this case, age (P=0.005) and years of 
driving experience (P=0.0004) are measured 
in numbers, and cognitive problem (P=0.0001) 
is coded as 1 (No) and 2 (Yes). The participants 
who had experienced cognitive problems in 

their life were 13.50 more deviated from the 
destination by increasing ages than others.

Binomial Logistic Regression Analysis
To answer the second research question, 

the risk of cognitive problems were examined 
based on the individuals’ spatial orientation 
performance and four demographic features 
of age, gender, years of driving experience, 
and field of study. Logistic regression was 
run by fitting a Logit function model on 
the dataset. Binomial Logistic regression 
estimates the probability of cognitive 
problems occurring as an odds ratio of 1 
(risk of suffering from any kind of cognitive 
problem, deficit, or impairment) and 0 (no 
evidence of any cognitive problem, deficit, 
or impairment). The estimated probability 
of cognitive problems based on predictor 
variables is set to be greater than or equal to 
0.5. In that case, the Logit model returns 1 (as 
a positive risk of having a cognitive problem). 
In contrast, the estimated probability of P<0.5 
returns 0 (as an adverse risk of having a 
cognitive problem). 

The coefficient for every input is shown 
in Table 1. For the Z-statistic of each input 

Table 1. Different coefficients of all inputs in logistic regression analysis
Coefficients
Estimate Std. Error z value Pr(>|z|)
(Intercept) Age Gender Math Driving Performance
0.83 0.00 -0.03 -0.03 0.00 -0.01
glm variable importance results(Overall)
Performance Driving Age Gender Math
100 58.49 40.50 11.63 0.00
Likelihood ratio test 1
Model 1: COGNITIVE.PROBLEM ~ AGE + SEX + DRIVING + MATH + Performance
Model 2: COGNITIVE.PROBLEM ~ DRIVING + Performance
Model Df LogLik Df Chisq Pr(>Chisq)
1 6 -13.66
2 3 -19.75 3 12.18 0.007
Likelihood ratio test 2
Model 1: COGNITIVE.PROBLEM ~ AGE + SEX + DRIVING + MATH + Performance
Model 2: COGNITIVE.PROBLEM ~ AGE + Performance
Model Df LogLik Df Chisq Pr(>Chisq)
1 6 -13.66
2 3 -18.58 3 9.842 0.019
Fitting null model for pseudo-r2
llh llhNull G2 McFadden r2ML r2CU 
-13.66 -27.03 26.74   0.49    0.36    0.60 
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variable, we have P≤0.05, providing evidence 
for the likely relevance of all five variables to 
predict the output of the model. Finally, an 
overall review of the significance of all inputs 
and their effects in predicting the output results 
is presented in the second part of Table 1. 
According to this result, we set two different 
definitions of the Logit model; model-1 
(COGNITIVE.PROBLEM ~AGE+SEX+DR
IVING+MATH+Performance) with all five 
inputs and model-2 (COGNITIVE.PROBLEM 
~DRIVING+Performance) with the two more 
important inputs of performance and driving. 
The maximum likelihood function run in 
logistic regression gave us P=0.007, while X2 
(3, N=100) = 12.18 with this order. At the next 
step, to detect whether this definition of the 
fitted model makes sense or not, McFadden’s 
pseudo R2 was used, the result was 0.49.

Artificial Neural Network System Analysis
Figure 2 presents the extracted ANN 

model, which consists of five inputs and one 
output connected by three hidden layers. 

Training Process, Loss Function, and 
Accuracy of Multi-Layer Neural Network

To examine the extracted NN model’s 

accuracy and answer the final research 
question, a multi-layer NN model was run in 
20 epoch cycles. The first quantity observed 
in training was the loss function in each 
epoch cycle, as shown in Figure 3 (left graph). 
Figure 3 (right graph) tracks the accuracy of 
training procedure when fitting the logistic 
model to the dataset.

The total accuracy score of the model was 
0.8 in the Confusion Matrix of:
[8 0]
[2 0].

The confusion matrix shows that the 
model can accurately predict eight cases per 
10 samples, which is associated no risk of 
cognitive problems. 

Discussion 
In this study, we first analyzed the impact 

of five different variables (namely age, gender, 
driving year experiences, field of study, and 
cognitive problems) on the participants’ 
spatial orientation performance in a 
navigation task. Multiple linear regression 
analysis indicated that participants, especially 
the elders with cognitive problems deviated 
more from the destination. This is in line 
with the research background on aging and 

Figure 2. Probability Density Plot of Input variables (age, gender, years of driving experience, field 
of study & spatial orientation performance) and Output variable (risk of having a cognitive problem, 
deficit or impairments) with three hidden layers
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spatial ability relevance in adults (17, 19).  
No significant relationship was found 
between gender and spatial performance of 
the participants, in contrast to the relevant 
studies (20-22) claiming that men had a higher 
spatial performance than women. According 
to Bairaktarova, Reyes, and Pe (27),  
Gunderson et al. (28), Hawes and Ansari (29),  
participants studying engineering or having 
more mathematical knowledge show 
significantly higher spatial performance in 
comparison to other participants; however, 
the findings of the present study were not in 
line with their finding.

Based on logistic regression analysis 
results, McFadden’s pseudo R2 was 0.49, 
indicating that the fitted model with five inputs 
(four demographic data; age, gender, years of 
driving experiences, and field of study in line 
with participants’ spatial performance) can 
predict cognitive problems better than the 
null model with only intercept as the input 
variable. It can thus be concluded that the 
spatial orientation test and its observation 
by a mobile compass app or gyroscope can 
be an appropriate technique to determine 
individuals’ spatial orientation ability, 
especially those with cognitive problems. This 
finding is in line with Flanagin, Fisher, Olcay, 
Kohlbecher, & Brandt’s (2019) research, 
who criticized pencil-and-paper tests and 
recommended the method of measuring 
Azimuth and Elevation of rotation in a real 
spatial task as a complementary application 
of cognitive status. 

In the neural network analysis, we tried to 

examine model accuracy by setting a multi-
layer NN model by the logistic regression to 
the dataset and train and test it to predict the 
risk of cognitive problems from five inputs 
(four demographic variables, including age, 
gender, years of driving experience, and 
field of study in line with the participants’ 
spatial performance). In the present study, 
the dataset was divided into training and test 
sets. The training set was used to optimize the 
prediction procedure, and the test set was a 
benchmark to calculate the model’s accuracy 
in different training cycles. The NN model 
ran during 20 epoch cycles. The parameters 
initialized with random weights and biases 
and data shuffled to ensure data point samples 
induce an independent effect on the model. 
Moreover, 90% of the samples were used to 
train the NN model, and the other ten percent 
was used for validation by the three hidden 
layers. When performing a training dataset, 
it is important to track model accuracy from 
the validation sample. The first quantity 
we monitored during training was the loss 
function in any epoch cycle. With increasing 
epoch cycle, the model loss decreased, and 
the training set showed a decline at the end of 
the loss function compared to the validation 
set. This means the training set did a better 
job when fitting a logistic model than the 
validation set. We tracked training procedure 
accuracy when fitting the model to the 
dataset, and it was noticed that the training 
set’s accuracy surpasses the validation set 
after the first epoch; however, the little gap 
indicates that the model is not capable enough 

Figure 3. Left graph: A  loss function in each of the 20 epoch cycles. Right graph: Training set vs. 
validation set (Loss and Accuracy graph).
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and needs more parameters to perform better. 
This is while the model was well-fitted. The 
model’s overall accuracy score was 0.8, a 
decent score for a human behavior model. 
The confusion matrix shows that the model 
can accurately predict eight among every ten 
samples with no cognitive problems.

Despite all these positive observations 
and promising results, our study had some 
limitations, including the use of Azimuth-
based assessment of spatial orientation as 
a diagnostic tool for cognitive problems. 
Regarding the small sample size of the 
cognitive problems, the extracted NN 
model could not accurately identify positive 
(cognitive impaired) cases. The study 
sample was heterogeneous in terms of age, 
gender, and divergent cognitive impairments. 
This might affect the predicted findings as 
potent positive cases. Accordingly, it is 
recommended to include large sample size 
of individuals with a homologous spectrum of 
cognitive impairments to reach more reliable 
results.
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