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ABSTRACT
A nationwide sample of 129 police officers participated in a study aimed at 
validating and presenting practical implications of a selection procedure 
for applicants to an educational program for Norwegian police drone 
pilots. The subjects were part of a selection program for a training and 
qualification course for police drone pilots. The selection program con
sisted of tests of spatial orientation, logical reasoning, attentional selec
tion, sustained attention, and visual short-term memory, in addition to 
a performance test in a drone flight simulator. The aim of the study was to 
evaluate the cognitive tests used in the selection program and their 
relation to performance during the simulated flight. The results from the 
untrained applicants revealed low-to-moderate intercorrelations of the 
cognitive tests. Only spatial orientation, logical reasoning, and attentional 
selection were correlated to the performance measures of skills and 
proficiency. Stepwise regression analysis showed that only spatial orienta
tion and attentional selection had unique contributions in explaining the 
variance in both measures of performance. Implications are discussed on 
both practical and scientific levels. The positive implications of using 
untrained respondents, the use of proficiency measures in addition to 
skills, the building of a clearinghouse for drone selection data, and con
sidering both the job-analyzes and the total test-performance when 
interpreting the applicant’s test-scores are discussed.
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Introduction

Both civilian and military uses of unmanned aerial systems (i.e., drones) are increasing. Civilian use 
of drones includes commercial use as part of an industry, use as a leisure activity by private citizens, 
and use in the public domain by police and research organizations.  Furthermore, a proposed 
‘innovation zone’ by the FAA for drone companies’ testing of technology revealed around 2,000 
interested parties even before the deadline for applications to the pilot program (Ravindranath,  
2017). Aydin (2019) reported that the public’s perception of drone usage was positively evaluated 
for public safety and research use, while commercial and private practice was not. Police drones are 
versatile technical means of power that could create psychological challenges for the user. For 
instance, Rauch and Ansari (2022) claimed that emerging technologies have a profound effect on 
operator’s moral values and their emotional responses to their work. More specifically, the authors 
report a distanciated intimacy in which the sense of psychological and physical distance is broken 
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down. New usage of technology often provokes a change in the legal framework the technology 
operates in as well as a pressure for redefining old work ethics (Rauch & Ansari, 2022).

All operations in the aerial domain involve risks, and about 80% to 85% of military mishaps 
could be traced back to human errors (M. L. Thomas & Russo, 2007; Lei et al., 2014). The use of 
drones could result in conflict with other aerial operations and risk on the part of the operator, 
members of the public, and material on the ground. There are some unique challenges that apply 
when piloting a drone compared to a manned aircraft. One major difference is the information loss 
caused by being geographically separated from the vehicle. Lack of feedback from natural senses, 
such as smell and vision, kinetics, vibration, and movement, which often provide representations of 
weather conditions, increases the challenges faced by drone operators. The separation from the 
vehicle creates an increased taxing of the cognitive resources of the pilot, while the physical 
demands decrease (Qia et al., 2018). Another unique challenge compared to manned aviation 
suggests that having a drone pilot physically removed from the aircraft can lead to operational risks 
being perceived as less severe due to the increased distance from the situation. This has been found 
for both geographical and perceived distances in other domains (O’neill et al., 2016). Thus, in order 
to correctly level-set the operational risks, the pilot must overcome this phenomenon by relying on 
logical reasoning to evaluate risks (see Slovic et al., 2004, for a critical discussion of ‘risk as 
analyses’). Taken together, the use of drones by official entities in commercial, research, and 
recreational practice could cause adverse effects among the public, for the drone operator, and 
for the equipment.

One way to potentially minimize the risks and maximize the operational effects of drones is by 
implementing a selection procedure for drone pilots (Armour & Ross, 2017; Fraser, 2020; Graham 
et al., 2021; Zanetti et al., 2022). By defining desired characteristics of drone operators and selecting 
subjects showing acceptable levels of the desired attribute (i.e., positive selection), the potential for 
adverse effects during drone operations could be lowered. A similar argument would be present if 
the selection program has the possibility to reveal unwanted characteristics of an applicant (i.e., 
negative selection). An illustration of an ill-selected drone pilot would be a pilot lacking in several 
cognitive abilities limiting their ability to perform tasks that are important for the drone operation 
to be carried out safely and efficiently. Limited spatial ability could lead to drones being inadver
tently flown over densely populated areas, putting people on the ground at unnecessary risk. 
Otherwise, it might result in the pilot not being able to intuitively understand the directions of 
moving objects on the ground in relation to cardinal directions – inhibiting the drone pilot’s ability 
to give directions and communicate effectively to other police units. Furthermore, an ill-selected 
drone pilot with limited ability for logical reasoning might fail to find suitable risk mitigations even 
though risk factors have successfully been identified – for instance if a pilot is flying in low light 
environments, they might have identified limited visibility as a risk factor and the fact that the 
drone’s visual obstacle avoidance system will have poor performance – but they might not logically 
infer that lack of obstacle avoidance systems puts higher emphasis on the drones’ other internal 
sensors (i.e., Global Navigation Satellite Systems/GNSS, barometer, accelerometer, gyro, and 
compass) to keep the drone from inadvertently drifting into buildings or other obstacles – this 
would mean that the pilot might not consider risk mitigating measures like checking for GNSS 
satellite coverage, evaluating the flight route with regard to GNNS shadows behind buildings and 
mountains, or checking weather forecast for solar wind activityKP index to make sure charged 
particles from solar activity does not impair GNNS signal quality.

A well-selected pilot, on the other hand, would be a pilot with high cognitive abilities, able to 
perform tasks to ensure the drone operation is carried out safely and efficiently. For instance, 
a drone pilot with good spatial ability would be able to keep track of the drone’s position in three- 
dimensional space, the direction of the camera sensor and of moving cars, and people on the ground 
in relation to each other. Said pilots would be able to maneuver the aircraft safely and at the same 
time maintain an understanding of the events that occur on the ground to effectively support the 
police mission with relevant and precise information. A well-selected drone pilot would have good 
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visual memory, being able to remember visual information that is no longer available as the camera 
sensor pans through an area. This would enable the pilot to keep references to buildings or other 
points of interest that are no longer present in the video stream. Furthermore, the drone pilot would 
also have good logical reasoning abilities necessary to identify risk factors and logically infer the 
relevant mitigations. For instance, if they perform a drone operation in high wind conditions, one 
expects a well-selected pilot to logically infer the implications of wind direction in the operation, 
taking into account the need for extra battery capacity needed to fly back to the landing site 
in situations where the drone would face strong headwinds on the return flight path. The drone 
pilot would also be expected to identify the need for a lower predefined return to home (RTH) 
altitude at a loss of link situation, as the winds tend to be less intense at lower altitudes.

Norwegian police are currently implementing a selection program for applicants to a bachelor- 
level course for qualification as police drone operators. Although selection and educational pro
grams are labor intensive, responses from potential applicants and local police districts lend support 
to the arguments that the role as a police drone operator is viewed as an exciting and attractive new 
position using a novel and tactical asset. To our knowledge, this is the first law enforcement 
organization in Europe to implement such an extensive selection program involving neuropsycho
logical tests in the selection of drone pilots. Thus, the aim of this study was to evaluate the cognitive 
tests used in the program.

It has been suggested (Qia et al., 2018) that qualification requirements for drone pilots should 
encompass professional quality, medical requirements, psychological evaluation, training require
ments, operating experience, and coordination (systemic cooperation training with other air and 
ground vehicles). Psychological evaluations are often described in terms of personality profiles and 
clinical disorders (Chapelle et al., 2014). However, in order to maximize the operational effect of 
drones, pilot selection should also focus on cognitive capacity and function. For instance, Zanetti 
et al. (2022) stated that performance fluctuation in drone operations was caused by limited 
cognitive resources.

According to Qia et al. (2018), rational thinking is one of the professional aptitudes recom
mended for drone pilots. It could be argued that this cognitive ability increases a pilot’s ability to 
detect the risk factors involved in operating the drone and to apply appropriate risk mitigating 
measures to ensure safe operation. Drone operations also involve multitasking, where the pilot has 
to control the vehicle, and, at the same time, both monitor visual sensor data and communicate 
relevant information in relation to the aim of the mission. A typical consequence of multitasking is 
the curtailment of the performance of the specific tasks involved. Multitasking could also be a result 
of drone pilots management of uncertainty (Chérif et al., 2018). Low levels of multitasking could 
lead to inappropriate decisions and potentially dangerous situations. Thus, the link between the 
ability to multitask and the need for selection could be further strengthen. Attentional and memory 
resources are key components in multitasking (Chérif et al., 2018). For instance, during dual 
tasking, the switching of attentional resources is crucial and a limited ability to select critical and 
disregard unimportant information (e.g., attentional selection; Oberauer, 2019) could lead to 
capacity limits being exceeded (Jaeggi et al., 2007). Another type of multitasking involves task- 
shifting and the alternation of attention between tasks. Task-shifting involves frequent changes in 
the operator’s cognitive framework (Chérif et al., 2018). For drone pilots, establishing a shift in the 
cognitive framework would involve the ability to continuously place the drone in its three- 
dimensional space, and a lack of adaptive spatial ability would substantially influence the drone 
operation in a negative way. A third type of multitasking is task interruption, which is often due to 
changes in critical environmental demands. This process implies the retrieval of the original status 
of the mission after the interruption has been handled, which taxes memory resources (Altmann & 
Trafton, 2002). For drone pilots, this will often be represented by visual memory ability. 
Furthermore, drone operations consist of sustained surveillance and targeting using highly auto
mated systems. The monitoring of these systems draws heavily on the vigilance capacity (i.e., 
sustained attention) of a system operator (Zanetti et al., 2022). The link between visual cognitive 
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functions and piloting drones is obvious since information is mainly relayed from the drone to the 
operator by the visual modality. Visual attention predictions have also been found to improve drone 
piloting (Pfeiffer et al., 2022).

Taken together, there is a need for selection programs for drone pilots in the civilian sector 
(including law enforcement), and, as a consequence, there is a lack of knowledge regarding the 
usefulness of tests in this type of selection. This study aims to help fill this gap by testing the 
predictive value of visual cognitive tests taxing sustained attention, attentional selection, visual 
short-term memory, spatial orientation, and logical reasoning. The test battery was theoretically 
generated from the widely used Cattell-Horne-Carroll (CHC; Carroll, 1993) model of general 
cognitive abilities. The hierarchical CHC model places attentional control and visual-spatial short- 
term memory as facets in the same sub-dimension.

According to a recent meta-analysis (Bryan & Mayer, 2021), the C-H-C model was described as 
a compromise between the traditional controversy of intelligence viewed as a general factor versus 
a number of specific factors (multiple intelligence). Bryan and Mayer (2021) stated that the 
C-H-C model was criticized for encompassing to many specific factors, which led to suggestions 
of subsidiary groups among the broad factors to organize them. Thus, the development of such 
subsidiary groups took the form of crystallized and fluid intelligence and later acquired and latency 
for problem-solving (power and speed intelligence). The latest suggestion of grouping the abilities 
was people-centered versus thing-centered intelligence (Bryan & Mayer, 2021). People-centered 
intelligence involves personal, emotional, and social intelligence. Examples given on thing-centered 
intelligence are related to the understanding of specific abilities pertaining to visual patterns and 
movement of objects in space. Results from the meta-analyses supported the distinction between 
the two groups. If one should take the Bryan and Mayer (2021) approach, the cognitive tests 
evaluated in the present study could all be argued for belonging to the thing-centered group.

Based on the CHC model’s statement of the cognitive functions as separate abilities under 
a common dimension, it was hypothesized that the cognitive tests would be moderately intercorre
lated. It was further predicted that all cognitive tests would show a unique contribution in 
explaining the variance in a simulated drone flight. This was founded on the tests being grounded 
in a job analysis, and previous research has linked visual attention processes to drone piloting 
performance (Pfeiffer & Scaramuzza, 2021; Pfeiffer et al., 2022). Furthermore, Oberauer (2019) has 
suggested that short-term memory is a form of attentional system, further linking visual short-term 
memory to attentional processes.

Method

Subjects

A nationwide sample of 129 police officers (range 25–45 years) participated in the study. The 
sample consisted of 114 males and 15 females, and all subjects took part in the selection program in 
their capacity as applicants for a 10 ECTS-credit training course at the Norwegian Police University 
College to become certified police drone pilots. For 127 of the subjects, previous experience of flying 
drones was collected. Fifty-two subjects had never attempted to fly a drone prior to participating in 
the selection program, 53 subjects had tried flying a drone a few times, and 8 subjects had had 
substantial experience of flying drones or drone simulators. Applicants were drawn from nine 
police districts which included both rural and urban police forces.

Procedure and equipment

The testing was performed at the location of the respective subject’s police district. Upon arrival, 
a consent form was presented and signed, and the participants were instructed that participation 
was voluntary and would not affect their application for the training course. They were further 
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informed that the data would be anonymized and that no individual data would be relayed to their 
superiors. They were further instructed that they could withdraw at any time during testing and 
during a 6-month period after testing. The subjects were tested in groups of a maximum of four 
subjects in a separate room at the local police station. All tests were presented digitally on a portable 
computer (Lenovo) with a 15.6-inch screen. The test sequence was fixed for all subjects and was 
anticipated to take 108 min, including two mandatory 5-min breaks. The test battery was presented 
after the performance test.

The performance test was conducted using a Da-Jiang Innovations (DJI) flight simulator, run on 
a gaming laptop (Razer Blade 17). The ground control station used was a DJI smart controller. The 
gaming laptop was connected to a large television set or a projector supplied by the local police 
district, producing a screen size ranging from 55 to 70 inches.

The test battery

The test battery was based on selected tests from the Vienna Test System (Schuhfried, 2022). A test 
of spatial orientation was presented as the first task. As a measure of spatial orientation, the 
Adaptive Spatial Ability Test -standard form (A3DW) was used. The test measured the ability to 
form mental representations and the manipulation of these representations in a three-dimensional 
space. The respondent’s task was to correctly identify a visual target by selecting from a panel of six 
comparisons. The visual stimuli were represented by cubes with different patterns, and the subject 
had to mentally rotate the cubes in order to identify the target among the comparisons. This gives 
eight options when answering which include the six comparisons, an option of ‘I do not know the 
answer’ and ‘No die matches’. The inclusion of the response options of ‘I do not know the answer’ 
and ‘No die matches’ was designed with an intention of reducing the likelihood of guessing the right 
answer to a minimum. It was not possible to omit an item or to go back to a preceding one.

The next task presented was the sub-test of Logical Reasoning (INT). This subtest was chosen 
from the inventory for testing cognitive capabilities. The test measured the ability to detect 
deviations from rules based on visual input. According to the manual, the ability entailed the 
aptitude of solving innovative problems through inductive thought processes. A person revealing 
a high manifestation of this variable possesses a great degree of ability to recognize regularities or 
formulas and use the rules derived by doing so. During the test, respondents were presented with 
nine fields with abstract figures and asked to select a field that did not follow the same rules as the 
remaining eight. Thus, the subjects were to identify the links between the figures and then select 
from a choice of different responses to show an aptitude for identifying and applying the rules 
underlying the matrix.

Before starting the test, the type of the task and its processing were explained on the screen, and 
then illustrated using an animation. This was further followed by a practice trial that had to be 
completed before the actual test started to ensure understanding of the task.

The Attention and Concentration Test (TACO) was used in order to examine the ability of 
attentional selection. The test measured the ability to ignore irrelevant and to mark relevant visually 
presented targets. The TACO consists of 50 test pages each consisting of a matrix of nine stimuli per 
test page with the target stimuli located above the stimulus matrix on every test page. Target stimuli 
always consisted of one unfilled basic shape (triangle, circle, or square) and one or multiple filled 
details (triangle, circle, or square). Thus, the test contained items which gives an opportunity to 
discriminate between relatively simple stimuli that can be clearly perceived and are not contami
nated by cultural background. By using basic shape, filled details and position of the figure in the 
matrix, the stimuli differ in three dimensions. While two of the dimensions, basic shape and 
detailed shape, are relevant for the solution, the third dimension of position was irrelevant. The 
matrix could consist of multiple targets, and the task of the responder was to find the target stimuli 
in the matrix and to mark them. The respondents were given a maximum of 6 s to complete each 
test page.
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In order to test sustained attention, the 28-min version of the Vigilance Test (VIGIL) was chosen. 
The test complied with the characteristics of vigilance tests by requiring uninterrupted attention of 
the subject throughout a relatively long monotonous visual monitoring task. Relevant signals 
appeared randomly, without prior warning, and did not arouse ‘involuntary attention’ (i.e., low- 
intensity signals). Furthermore, the frequency of critical signals was low encompassing 100 events 
during the 28 min of testing. The actual test displayed a large circular path (similar to a clock face), 
made up of small circles that lit up in succession (in steps of 1.5 s) which gave the impression of 
movement in a clockwise direction, and the participants’ task was to respond by pressing the space 
bar on the keyboard when the illuminated dot made a double jump. An audible signal confirmed to 
the respondent that the press of the spacebar was recorded.

The Visual Memory Test (VISGED) was the final task presented, and this assessed visual short- 
term memory performance. VISGED consisted of an on-screen city map on which typical locations 
(e.g., hospitals) are marked by symbols. The maximum number of critical symbols was eight, and 
the task for the responders was to memorize the location of the individual symbols and recall them 
by placing them correctly on another city map presented without symbols. After completion of 
a trial, the correct position of the symbol in question was displayed as performance feedback.

The cognitive tests of A3DW, INT, and VISGED utilized an adaptive testing method (i.e., 
presenting of stimulus-difficulty based on the accuracy of the subject’s previous responses). Thus, 
the variable used in the analyses was based on a Rasch analysis and recorded as a personal parameter 
(PAR). The PAR represented the capability or attainment level of tested participants, expressed in 
terms of a continuum of probability for correct responses (McCamey, 2014). High and positive 
scores, within the bounds of the item characteristic curve, represented a high ability by indicating an 
elevated probability for correct responses. The PAR is an indication of a latent variable and is 
suitable for parametric statistics (McCamey, 2014; see also Debelack, 2019, for a discussion on 
parametric vs. non-parametric testing of the Rasch model). Sustained attention (VIGIL) was 
measured as reaction time in seconds to correctly answered test-items, and TACO was recorded 
as the sum of correctly worked items. Detailed descriptions of the development and psychometrics 
of the different tests used are presented in the test-manuals (Schuhfried, 2022). This includes the 
norming of the selection tools as well as reasonableness, resistance to falsification and fairness of the 
tests.

The performance test

The performance test started with a 5-min guided free-flight training session for the participants to 
become accustomed to the simulator and to flying a drone. The training session was excluded from 
the evaluation. The next step consisted of three trials (max. 6 min each) with increased difficulty, 
called ‘Four directions hovering’. The performance test involved the pilot standing fixed in an open 
environment surrounded by four visibly marked locations on the ground: one in front, one behind, 
and one on each side relative to the pilot’s position. Each location was marked with a circle with an 
arrow inside, giving all four locations different orientations relative to the pilot’s view, within a 90- 
degree sector. The arrow inside the circle indicated the orientation of the drone. All trials started 
with the drone parked on the ground in front of the subject, and it was operated in ‘altitude mode’ 
(no automatic position hold, only altitude hold). When the drone is in attitude mode, the pilot 
needs to constantly apply pitch and roll corrections with the controller to prevent the drone from 
drifting away from the hovering location. The task was to attain stable hovering 1 m above the 
marked circle on the ground, without deviation, for 10 s. If the drone drifted away from the 
hovering position or was not kept in stable hover above the position, a meter indicating the progress 
of the task as a percentage would slowdown and eventually stop, until the drone was repositioned 
and stabilized above the marked location. If the subject was not able to reposition the drone, the 
meter would count backward. All four hovering locations had to be completed with the drone in the 
correct orientation to complete the trial. The pilot’s view automatically tracked towards the drone at 
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all times, resulting in the drone orientation above each hovering location to be 90 or 180 degrees, 
offset to any of the other three hovering locations seen from the pilot’s perspective. All trials were at 
an entry level.

Two performance indicators were distilled from the performance test. Skills was an indicator of 
the quality of piloting and was measured as the mean hovering time taken to complete the three 
trials comprising the performance test. The recording of time, in seconds, started when the drone 
took off from the ground and ended after the successful completion of all four hovering tasks of the 
respective trial. The performance indicator of Proficiency was based on an expert’s evaluation of the 
following four elements: handling of the remote control; stress while piloting; drone orientation; 
and progression over the three trials. Each of the elements was scored from 1 to 7, and the 
proficiency score represented the mean of these elements. Thus, the two performance scores 
focused on both the quality of flight performance and on the critical behavior underpinning the 
safe handling of drones.

Statistics

Pearson product moment correlations were used to test for intercorrelations, and stepwise regres
sions were used in order to test the predictive value of the cognitive tests on performance indicators. 
The variable with the smallest p-value was entered first, followed by the variable with the smallest 
p-value from the pool of remaining variables. Variables already entered are removed if their p-value 
exceeds the chosen limit due to the inclusion of new variables. The entire process stops when no 
more variables can be entered or removed. The chosen probabilities to enter and to remove were .05 
for inclusion and .10 for removal.

Only tests correlating significantly with the performance scores were included in the regression 
analyses. Varying degrees of freedom in the correlation analyses were caused by missing data.

Results

Correlations

Descriptive statistics and intercorrelations are shown in Table 1.
The correlational analysis showed that spatial orientation correlated with logical reasoning and 

attentional selection. Logical reasoning showed significant correlations with both attentional selec
tion and visual memory, and attentional selection correlated significantly with visual memory. All 
correlation coefficients were low to medium (r(126) = .167 to r(126) = .324; Cohen (1988). No 
correlations involving sustained attention reached a significance level.

When looking at the association between cognitive tests and the performance indicator of skills, 
spatial orientation revealed a negative significant correlation. Negative associations were also found 
for logical reasoning and attentional selection when correlated with skills. The results showed that 

Table 1. Means and standard deviations (SD) for all five cognitive tests and for the performance indicators of skills (mean hover 
time) and proficiency (mean score of remote-control handling, stress, drone orientation, and progress) during a simulated drone 
flight. Sustained attention data are presented in seconds and attentional selection as the number of correct answers. All other 
tests are presented as personal parameters derived from Rasch analyses.

Mean SD 1 2 3 4 5 6

Spatial orientation (1) −.44 2.24
Logical reasoning (2) −.58 1.06 .315**
Attentional selection (3) 416.15 15.26 .177* .323**
Sustained attention (4) .42 .05 −.129 −.087 −.033
Visual memory (5) 2.3 1.85 .123 .167* .324** −.051
Skills (6) 202.6 84.53 −.313** −.261** −.225** .156 −.063
Proficiency (7) 4.68 .81 .321** .242* .247** −.159 .071 −.831**

*= p < .05; ** = p < .01.
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increased scores on the cognitive test are related to increased performance measured as shorter 
completion time of the piloting task (see Table 1).

The relationship between cognitive tests and proficiency showed that spatial orientation was 
significantly and positively correlated with proficiency. Furthermore, both logical reasoning and 
attentional selection showed significant positive correlations, with the proficiency variable exhibit
ing that an increased score on the cognitive tests covaried with higher scores on the SME’s 
evaluation of proficiency. No analyses involving sustained attention revealed any significant 
associations (see Table 1).

Regression analyses

Based on univariate correlation analyses, spatial orientation, logical reasoning, and attentional 
selection were included as predictors in the stepwise regression analysis. The results with skills as 
dependent variable revealed a significant model for the first step including spatial orientation (R  
= .313, F(1,124) = 13.448, p < .001) and the second step adding attentional selection to the model (R  
= .359, F(2,123) = 9.116, p < .001). Both models revealed a negative association. The first step 
explained 9.8% of the variance (R2 = .098), and the second step (R2 = .129) added 3.1% of explained 
variance (see Table 2 for details).

When regressing proficiency on the predictor variables, a significant model occurred for spatial 
orientation as predictor (R = .321, F (1, 124) = .14.23, p < .001). The second step also revealed 
a significant model when adding attentional selection as an independent variable (R = .377, F 
(2,123) = 10.201, p < .001). The first model explained 10.3% (R2 = .103) of the variation in profi
ciency, and attentional selection added 3.9% (R2 = .142; see Table 2). No models including logical 
reasoning achieved significance. 1

Discussion

The present study showed significant intercorrelations between all cognitive tests except for 
sustained attention. Furthermore, only the tests for spatial orientation, logical reasoning, and 
attentional selection were correlated with the two performance measures used. The analyses of 
predictive validity indicated that both spatial orientation and attentional selection showed a unique 
contribution to both performance tests.

The tests chosen in the selection program were based on a job analysis of a police drone pilot’s 
operational modus. The job analyses focused on the control of a technological system geographi
cally separated from the pilot, and the safe direction of the system towards a mission aim. Job 
analyses also considered the ability to identify inhibiting and facilitating factors in order to 
successfully attain the mission goal. This included police tactics, topography, maps, addresses, 

Table 2. Unstandardized (b) and standardized (β) coefficients, as well as t, and significance (sig.) 
values for the performance indicators of skills (mean hovering time) and proficiency (mean score 
of remote-control handling, stress, drone orientation, and progress) during a simulated drone 
flight. The data are separated for significant models.

b β t sig.

Skills Model 1
Spatial orientation −11.57 −.313 −3.67 <.001

Skills Model 2
Spatial orientation −10.51 −.284 −3.33 .001
Attentional selection −.97 −.18 −2.1 .038

Proficiency Model 1
Spatial orientation .114 .03 3.774 .001

Proficiency Model 2
Spatial orientation .102 .03 3.411 .001
Attentional selection .01 .004 2.372 .019
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and other police units on the ground. At the same time, the pilots’ decisions and performance have 
to be in line with national rules and regulations applied to aerial operations, as well as ethical and 
legal rules governing police conduct and operations. The pilot must orient the drone in a three- 
dimensional space relative to their own position and communicate with other units while con
sidering that these units have a different visual perspective. Thus, the demands of police drone pilot 
tax heavily on the cognitive abilities of logical reasoning, spatial orientation, and short-term 
memory. Police operations involving drones are often conducted over an extended period of time 
and involve multitasking behavior for the drone pilot. Multitasking relies heavily on memory and 
the attentional processes of short-term memory, sustained attention, and attentional selection. 
Thus, the cognitive tests chosen in the selection program were considered relevant in order to 
ensure flight safety and police mission efficiency when conducting police drone operations. 
Cognitive tasks of multitasking are also typically used in aerial-related research (Fraser, 2020).

Four of the five cognitive tests showed significant intercorrelations. The correlations were low to 
medium, sharing less than 11% of the covariation. This leaves over 89% of the covariation 
unexplained and indicates that the tests are, to a large extent, tapping into different cognitive 
abilities. Since the tests are chosen based on the job analyses, this supports the argument for using 
the tests in the selection of drone pilots. This also ties into the discussion of domain-generality or 
domain-specificity in attentional control (Hedge et al., 2018). The lack of association between the 
two measures of attention (sustained attention and attentional selection) lends support to the 
notion of domain-specificity in attentional control (Rey-Mermet et al., 2018). However, Draheim 
et al. (2020) opposed this view by claiming that a lack of shared variation in attentional tasks was 
caused by the use of experimental factors that were not suitable for studying individual differences. 
The use of reaction time measures often caused conflicting results, and they recommended the use 
of accuracy measures. Our study also lends support to this claim since correlational analyses 
involving accuracy-based scores showed significant intercorrelations, while analyses of scores 
using reaction time data did not.

Spatial orientation, logical reasoning, and attentional selection were correlated to both the 
quality of drone piloting and the underlying behavior recorded by the proficiency variable. 
Looking at skills, the explained covariation for significant negative associations varied, from around 
5% (logical reasoning and attentional selection) to 10% (spatial orientation). Almost identical (but 
positive) correlations were found for proficiency. No correlations were found for sustained atten
tion and visual short-term memory. Although the study failed to reveal associations between visual 
memory test, sustained attention tasks, and performance, this does not mean that these cognitive 
functions are irrelevant, since they are clearly linked to job analyses. One possible explanation for 
the lack of correlations could be the low levels of variation in responding between the subjects. This 
was especially the case for sustained attention which showed a very small standard deviation. 
Furthermore, the maximum duration of the performance test trials was only 6 min, which could be 
insufficient to adequately tax sustained attention. Also, the performance tests were on an entry level 
implicating piloting in ‘visual line-of-sight’. The challenges of visual short-term memory systems 
are greatly reduced in this type of flight, compared to a ‘beyond visual line-of-sight’ operation. The 
latter drone operation also shows more resemblance to the memory test used, as this will take into 
account the transfer of information to and from other sources (e.g., maps). Thus, one explanation 
for the lack of correlations could be the relatively low load on vigilance and visual short-term 
memory created by the performance tests. Despite the lack of associations found in our study, the 
tests could be used in negative selection (Waters, 1998) as a tool for excluding subjects showing low 
levels of sustained attention and short-term memory.

The regression analyses revealed that spatial orientation and attentional selection made unique 
contributions to both the quality of piloting a drone and the underlying indicator of proficiency. 
Thus, these tests showed predictive validity in drone selection since performance scores could be 
estimated based on the test scores (Schober et al., 2018). The importance of visual attention was also 
demonstrated by Pfeiffer and Scaramuzza (2021) for expert drone pilots involved in a simulator- 
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based racing task. Further support was reported by Pfeiffer et al. (2022) who reported that ‘visual 
attentional prediction’ (gaze placement) predicted performance in a similar task. Previous studies 
using different test batteries have produced mixed results when predicting performance in airline 
pilot selection. For instance, predictive effects have been found using the WOMBAT test battery 
(Caponecchia et al., 2018). The WOMBAT test battery incorporates tasks that assess target tracking, 
spatial orientation, pattern recognition, and short-term memory skills. It could be argued that target 
tracking and pattern recognition could involve attentional selection. However, the use of the 
COMPASS test battery did not reveal any predictions of performance (Cabeza et al., 2021). In 
their study, a composite score of coordination between eyes and extremities, short-term memory, 
arithmetic ability, spatial orientation, and multitasking was used.

Practical implications

In addition to the dilemma of small correlations, Caponecchia et al. (2018) emphasize the problem 
that most of the studies predict training performance rather than operational flying. When it comes 
to the selection of drone operators, we would argue for a third approach when testing the 
association between tests and performance. This approach involves the use of performance tests 
measured in advance of training when investigating the validity of selection procedures. It could be 
speculated that the use of untrained subjects could, to a greater degree, reveal the potential for later 
performance, compared to personnel evaluated after training. Training programs often involve 
both self-training and a dedicated focus from instructors on trainees’ specific needs identified 
during training. The possibility exists that using trained subjects in studies of predictive values of 
tests could result in erroneous conclusions since the variation in performance is masked by the use 
of extended training hours and costly instructor resources. Thus, the use of results from untrained 
subjects in the evaluation of test batteries could enhance the benefit, relative to the cost, during 
selection. Furthermore, one specific confounding variable when selecting drone pilots is previous 
drone-related experience. The effects of previous experience with recreational drones and gaming 
could enhance actual piloting during a performance test. This could lead to an adverse effect, by not 
selecting applicants who have great potential as drone pilots but who have less experience of using 
drones. By using behavioral characteristics that are considered to underpin the safe handling of 
drones (e.g., proficiency measures) in addition to the quality of piloting (e.g., skills), the potential 
for performance could, to a greater degree, be investigated, regardless of experience of drone 
piloting. The correlation between the dependent variables of proficiency and skills used in our 
study was high (Schober et al., 2018), showing a close association between the variables. Detecting 
the potential for later performance is the goal of any selection. The possible benefit of using 
untrained subjects when evaluating selection procedures could give a promising direction for future 
research.

There are two further significant implications drawn from the present study. First, there is a need for 
transparency in the civilian aviation selection community with regard to documentation of pilot selection 
systems. Broach et al. (2019) stated that pilot selection programs appear to be largely hidden behind 
corporate firewalls. According to Broach and coworkers (2019), the airline companies view their selection 
programs as a vital source in the competition for talented aircrew. This has led to an underdeveloped 
knowledge base and a possibility for an emergence of selection programs lacking in scientific basis 
(Broach et al., 2019). Since selection programs of civilian drone pilots is in its infancy, a high potential for 
transparency across different civilian domains and between countries exists. This implies the generation 
of a system to both describe the selection program and scientific data related to the program. This is also 
in line with Broach and colleagues (2019) who suggested building a clearinghouse for civilian pilot 
selection data in order to feedback analyses to the industry.

The second implication concerns the evaluation of the validity of drone selection programs. We 
claim that since aviation selection programs consist of multiple tests, the validity argument for such 
programs should be based on the same scientific approach as for the individual tests used. When 
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developing such an argument, several lines of evidence have to be integrated. As stated by Reynolds 
and co-workers (Reynolds et al., 2021, p. 187): ‘Validity must always have a context and that context 
is interpretation’. When using tests in order to select drone pilots, the job analyses represent the 
context. By integrating both a theoretical and a practice-related proposition, a valid selection 
procedure could be developed which bridge the gap between a best practice and an academic 
perspective. Thus, a broader than the traditional approach should be taken. Analyses of the validity 
of tests used in selection have traditionally focused on the predictive validity of each test in order to 
determine the feasibility of tests involved in the program. However, the US ‘Standards for 
Educational and Psychological Testing’ (American Educational Research Association, 2014) define 
validity as ‘the degree to which evidence and theory support the interpretations of test scores for 
proposed uses of the test’ (p. 11). A consequence of this definition of test validity is an emphasis on 
the interpretation of the test results, rather than a validation of the test itself, since validity refers to 
the appropriateness and accuracy of the interpretation (Reynolds et al., 2021, p. 186). Thus, when 
evaluating the selection procedure, focus should also be put on how the scores obtained by the test 
taker reflect the relevant aptitude of the tested subject. According to the standards (American 
Educational Research Association, 2014) this interpretation should to a greater degree be validated 
and the test scores itself. This could influence both the practical use of selection tools and future 
research. In order to make inferences of how the scores reflect the latent variable, tests should be 
founded on sound theoretical and psychometric grounds. When using the tests as part of the 
selection procedure, the tests should also be closely associated with the job analyses. A sound 
theoretical foundation together with a close association with the demands distilled from the job- 
description would more clearly explain how the scores are related to the different latent variables in 
question. In the present study, we have outlined both the theoretical and practical foundation of all 
the tests used. This was the case for specific tests as well as a discussion of the relationship between 
multiple tests. Examples of the latter were the interpretation of attentional control and multitasking, 
and the theoretical foundation of several tests based on the CHC-model.

The standards (American Educational Research Association, 2014) emphasize validity as a unitary 
construct and follow that the division into classical types of validities is of less importance. Instead of 
dividing the validity construct into content, criterion and construct validity, future evaluation of tests 
used in selection should focus on the major threats to validity represented by construct underrepresenta
tion and construct-irrelevant variance (Reynolds et al., 2021, p. 192). Construct underrepresentation 
represents a lack of validity due to tests not representing relevant knowledge, and construct-irrelevant 
variance is the presence of uncontrolled, extraneous variables that influence the results. This threat is also 
present in selection programs where a possible consequence is an increased potential for the program 
misrepresenting the actual characteristics of the test-taker due to the assessment of too little relevant or 
too much irrelevant information. Furthermore, a validity argument should identify strengths and 
weaknesses of the test scores. There are five different sources to such an interpretation (American 
Educational Research Association, 2014) that could also apply to selection programs. Test content 
encompasses evidence of the representativeness of the test items (or individual tests) with regard to the 
construct in question. Evidence based on response processes includes an evaluation of the human 
processes involved when taking the test. This includes not only the subjects taking the test but also the 
evaluation of the procedure for evaluation used by the personnel responsible for administering and 
interpreting the test results. This could be especially challenging when selection programs consist of 
multiple tests. Evidence based on internal structure evaluates the relationship between test items or tests 
constituting a test battery and evidence based on relations to other variables includes an analysis on how 
the result of a test relates to performance or a criterion (e.g., prediction on a performance test). Thus, 
selection programs and individual tests should be evaluated with regard to revealing the potential for later 
performance of applicants. This could include strengths and weaknesses of the sample used (e.g., trained 
vs. untrained applicants) or the definition of the variable representing the performance (e.g., skills vs 
proficiency). Finally, evidence based on the consequences of testing focuses on the intended and 
unintended results of using a test. This could include unintended social consequences. It should be 
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noted that the standards (American Educational Research Association, 2014) argue for an evaluation of 
consequences directly related to the validity of the tests and to distinguish these analyses from evidence 
related to social policy. Thus, adverse analyses related to the validity of a selection program should 
undergo scrutiny

Limitations

Previous experience with drones, games, and flight simulators could influence the performance of 
the subjects. According to McKinley et al. (2011), video gamers exhibited quicker reaction times, 
showed higher levels of stimulus response mapping, and tracked more targets, and profit from 
greater spatial and psychomotor skills. The present study did not statistically control for these 
variables. However, levels of expertise were reported in the description of the sample, showing a low 
frequency of subjects being highly skilled in piloting. Furthermore, the proficiency variable focused 
on behavior crucial to piloting, with the aim of minimizing the effect of previous experience.

In order to maintain anonymity of the data, age data were only available for the instructors and 
not recorded as part of the present study. This could be a limitation since age-related reduction is 
found in cognitive functions relying on visual attention and memory (C. Thomas et al., 2008; 
Lindenberger et al., 2001; Rieck et al., 2017). Rieck et al. (2017) defined the old age as 55–69 years. 
However, none of our subjects were in that age category.

Conclusion

The present study investigated the usefulness and predictive validity of selected cognitive tests from 
the Vienna Test System (Schuhfried, 2022) on an untrained sample of applicants for a course aimed 
at educating and qualifying police drone pilots. This made it possible to extend previous knowledge 
on the evaluation of cognitive tests used in pilot selection since most studies involve performance 
tests conducted after a training program. Training programs aim to develop the skills of drone 
pilots, thereby reducing the variance in performance. By using untrained subjects, the relationships 
between test scores and performance scores should appear without being affected by training. The 
low percentage of covariation between the tests is supported in the literature of attentional control 
and confirms previous research. On the other hand, the present study extends previous knowledge 
by showing that only spatial orientation and attentional selection predicted skills and proficiency 
during a performance test using untrained subjects.

The present study evaluated the neuropsychological tests used in the selection part of recruit
ment of police drone operators. It is important to note that the selection is part of recruitment to an 
educational program at a college level. It is our view that selection, high-level education, and 
training have to be combined in order to develop a well-functioning police drone operator. 
Choosing applicants with sufficient cognitive abilities, educating them at a high level and increasing 
their skills as pilots could decrease the possibilities for adverse effects for the pilots and the public.

Although, the present study investigated selected tests involved in a selection program for drone 
pilots, we argue that future investigations of validity for such programs should be based on the same 
scientific approach as for the individual tests used. Furthermore, future research should increase its 
focus on how the scores obtained reflect the relevant characteristics of the tested subject whilst 
considering the demands drawn from the job analyses.

Note

1. We also performed standard multiple regressions with the two variables identified from the stepwise regres
sion included as independent variables (spatial orientation and attentional selection). The results from these 
regressions were identical to the results from the stepwise regression in terms of the magnitude of regression 
coefficients.
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