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Introduction 

Over the years, the technology behind unmanned systems has continued to 

develop, which, in turn, has increased the systems’ potential use across a number of 

different domains.  As people have begun to actually use these systems, the potential 

benefits have not diminished, but factoring the human operator into the equation has 

raised a number of concerns.  While the introduction of autonomy is assumed to allow a 

smaller number of operators to control a higher number of systems, research and practical 

experiences have shown that teams continue to far outperform individual operators 

(Burke & Murphy, 2004; Rehfeld, Curtis, Fincannon, & Jentsch, 2005).  Further, the 

performance of individual operators diminishes with the addition of multiple, robotic 

assets (Chadwick, 2005, 2006).  Experience from field applications has further 

highlighted issues relating to fatigue, associated with working long hours, and perceptual 

difficulty, associated with cognitive processing of images and video from unmanned 

systems (Casper & Murphy, 2003; Woods, Tittle, Feil, Roesler, 2004).  This latter issue, 

associated with processing visual information, influences both individual and team 

performance, and as it is such a foundational task with unmanned systems, it deserves 

unique attention. 

In a review of related research, Woods et al. (2004) highlighted a number of 

perceptual issues related to operator understanding of the remote environment that an 

unmanned system traverses.  One of these difficulties relates to whether operators 

understand the scaled size of an environment, in relation to the system.  This affects an 

operator’s ability to maneuver through and around obstacles.  For example, when 

operators use a raw video feed from a single camera, they are unable to use binocular 
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cues of depth and motion, as Woods et al. observed.  This can further hinder the 

operator’s ability to determine the distance between a vehicle camera and an observed 

object.  Additionally, vehicle cameras on unmanned systems typically provide a reduced 

field of view.  Consequently, a third issue affecting operator understanding of the 

unmanned system’s spatial location and orientation involves limited peripheral vision, 

which operators describe as looking through a “soda straw.” In summary, a number of 

differences exist between “natural” human vision and video provided by unmanned 

vehicle cameras; these differences can influence an operator’s ability to comprehend 

visual representations of spatial information. 

In light of these differences, one can think of solutions that involve changing 

either the technology or the operator using it.  As an example of a technological solution, 

Voshell and Woods (2005) presented operators with multiple video feeds, which 

appeared to improve navigation performance, in a virtual environment.  However, 

practical limitations, such as bandwidth, can prevent large amounts of visual information 

from being sent from a remote vehicle, and this solution may experience a number of 

obstacles before it can be implemented in a field setting.  In contrast, users’ cognitive 

abilities, such as spatial abilities, are related to performance with unmanned systems, and 

they can be improved through relatively short training interventions (Rehfeld, 2006).  

While both of these options can provide usable results, this chapter will focus more on 

the cognitive component of users associated with imagery analysis from unmanned 

systems. 

While a number of cognitive approaches exist that have potential to improve 

performance with unmanned systems, this chapter will focus on a growing body of 
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literature that centers on spatial ability.  In discussing this topic, relevant issues will 

include:  

• Identify difference measures and constructs of spatial ability. 

• Highlight unique effects of different spatial abilities on individual and team 

performance. 

• Discuss variables that moderate the influence of spatial ability performance. 

In reviewing this information, the goal is to re-examine the constructs of users’ spatial 

ability and how they relate imagery analysis and performance using unmanned systems. 

 

Spatial Ability 

When considering the effects of spatial ability on performance, many studies 

might simply state that spatial ability is accounted for by a single measure, and report 

findings accordingly.  This approach can provide many useful results, but a closer 

inspection of spatial ability quickly reveals that it is a complicated construct.  Indeed, 

there are disagreements regarding the number of sub-dimensions and the tests that are 

intended to measure these various sub-dimensions.  Consequently, this chapter attempts 

to review the constructs of spatial orientation and spatial visualization. 

According to Ekstrom, French, Harman, and Dermen (1976), spatial orientation 

can be defined as “the ability to perceive spatial patterns or to maintain orientation with 

respect to objects in space” (p. 149).  In contrast, spatial visualization can be defined as 

“the ability to manipulate or transform the image of spatial patterns into other 

arrangements” (Ekstrom et al., p. 173).  More definitions relating to spatial abilities are 

shown in Tables 1 and 2.  As discussed by Ekstrom et al., there are a number of 
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perspectives that can be used to conceptualize these constructs.  For example, one mode 

of thought is that spatial orientation involves the mental manipulation of an object that 

has been seen as a whole, while spatial visualization requires mental restructuring of 

components that might not be entirely visible.  Another school of thought regarding the 

distinction between these two constructs states that performance of serial operations is 

required for spatial visualization but not in spatial orientation.  For example, the Paper 

Folding test (Spatial Visualization) presents a folded piece of paper with a hole punched 

in it, and the test taker must identify how the holes would appear in the unfolded piece of 

paper.  Conversely, the Card Rotation test (Spatial Orientation) presents a 2-dimensional 

figure, and the test taker must identify whether various rotations present the same figure, 

or different ones.  While both tests require a form of mental rotation, the paper folding 

test requires the use of serial mental processes.  Probably the most important distinction 

that appears across all of these perspectives is that spatial visualization requires the 

performance of additional mental manipulations that makes it more complex than spatial 

orientation.   

Table 1 
 
Definitions of Spatial Orientation 
 

Reference Definitions of Spatial Orientation 
Guilford & 
Zimmerman, 1957 (as 
cited by Borich, 1972) 

Awareness that one object is higher or lower, left or right, 
nearer or farther than another 

French, Ekstrom, & 
Price, 1962 (as cited by 
Borich, 1972) 

Remaining unconfused by changing orientation 

Ekstrom, French, 
Harman, & Dermen 
(1976) 

Ability to perceive spatial patterns or to maintain orientation 
with respect to objects in space 
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Table 2 
 
Definitions of Spatial Visualization 
  

Reference Definitions of Spatial Visualization  
Guilford & 
Zimmerman, 1957 (as 
cited by Borich, 1972) 

The process of imagining movements, transformations, or 
other changes in visual objects 

French, Ekstrom, & 
Price, 1962 (as cited by 
Borich, 1972) 

Comprehending imagery movement in three-dimensional 
space 

Ekstrom, French, 
Harman, & Dermen 
(1976) 

The ability to manipulate or transform the image of spatial 
patterns into other arrangements 

 

As mentioned above, defining constructs of spatial ability is not necessarily an 

easy task.  One of the more pragmatic issues that complicate this discussion is that many 

studies report relatively high correlations between measures of these constructs, which 

increases the difficulty for researchers to highlight relevant differences.  For example, 

correlations between the Guilford-Zimmerman test of spatial visualization and the 

Guilford-Zimmerman test of spatial orientation have been consistently reported to be as 

high as .67 (Borich, 1972) and .63 (Fincannon, Evans, Jentsch, & Keebler, 2008).  

Especially when using multivariate techniques, such as factor analysis, correlations as 

high as these make it difficult for researchers to empirically distinguish the constructs.  

As will be discussed later in this chapter, however, meaningful differences can in fact be 

identified in real settings, even in the presence of such high correlations. 

Another relevant question involves a closer inspection of spatial orientation.  As 

reviewed by Ekstrom et al. (1976), other factors may exist that are similar to spatial 

orientation as defined above.  Spatial relations and mental rotation have been described as 

requiring the identification of an object when seen from different positions, while spatial 
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orientation, or perspective taking, involves the orientation of the observer as the crucial 

element of the cognitive task.  In reviewing factor analytic studies, Hegarty and Waller’s 

(2005) recent studies have found support to identify spatial relations as a unique factor 

(see Table 3).  As an example of the continuity of this research, Hegarty and Waller 

(2004) performed a confirmatory factor analysis focusing on the disposability of newly 

developed tests of perspective taking and mental rotation.  While these tests were still 

highly correlated, they could be used to identify different factors of spatial ability.  As the 

Guilford Structure of Intellect model considered both of these constructs to be part of a 

single factor of spatial orientation, special attention should be given to the Guilford-

Zimmerman test of spatial orientation. 

Table 3 
 
Test Loadings on Factors of Spatial Ability Across Studies (Hegarty & Waller, 2005) 
 

Test Spatial 
Visualization Spatial Orientation Spatial Relations 

Paper Folding X   

Form Board Test X   

Cube Comparison X X X 

Guilford-
Zimmerman Spatial 

Orientation 
X X X 

Card Rotation  X X 
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Spatial Abilities and Unmanned System Performance  

As initially discussed, there is a growing a body of research that discusses the 

influence of spatial ability in the context of unmanned system performance and 

operations.  Spatial orientation can involve understanding of changes, in an environment, 

with respect to egocentric movement, and it is not surprising that relationships have 

emerged with respect to environmental understanding and navigation performance.  As 

Biederman (1987) discussed, people use mental representations of objects to recognize 

them when observed, and the rotation of an observed object can hinder a person’s ability 

to recognize that object.  Further, when operating unmanned systems, objects are 

typically in unfamiliar orientations, and operators have limited ability to manipulate these 

objects.  As spatial ability involves the mental restructuring and rotation of objects, this 

cognitive ability provides a solution to the obstacle of recognizing objects in remote 

environments.  

As we stated in the Introduction, the operation of unmanned systems has been 

found to be often difficult for individual operators.  Consequently, teams of operators 

have been employed which has resulted in the need for team research.  Questions relating 

to how spatial abilities influence team relationships have not received a great deal of 

attention, however, and as a result, this new perspective offers a different approach for 

considering different influences, of multiple spatial abilities, on team outcomes.  This 

section will review effects of spatial ability for individual operators and operator teams. 

Individual Operators 

Target identification in remote and virtual environments.  One area of 

performance where a relationship has emerged between spatial ability and individual 
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operator performance is target identification.  In a study by Chen, Durlach, Sloan, and 

Bowens (in press), a cube comparison test, which loads both on factors of spatial 

visualization and spatial orientation (Hegarty & Waller, 2005), was used to measure 

spatial ability of operators who controlled unmanned aerial vehicles (UAVs) and 

unmanned ground vehicles (UGVs).  One of the tasks that participants were asked to 

perform involved the lasing of targets that were identified as unfriendly.  Whether using a 

UAV or UGV, Chen et al. found significant correlations between performance on the 

cube comparison test and the number of targets that were correctly lased (r = .46 and r = 

.36 respectively).   

Navigation in remote and virtual environments.  A second area where spatial 

abilities were found to relate to performance involved navigation through remote or 

virtual environments.  Moffat, Hampson, and Hatzipantelis (1998), found that the 

Vandenberg Mental Rotation test, Guilford-Zimmerman Spatial Orientation test, and 

Money Road Map test of Direction Sense were all related to the time spent navigating 

and the number of errors made while attempting to traverse a virtual maze.  In a study by 

Riecke, van Veen, and Bulthoff (2002), participants were tested across multiple measures 

of homing ability in a virtual environment, and performance on two tests of mental 

rotation ability (here: Town & Blobs and Random Triangle tests) were found to have 

significant relationships with navigation performance.  Finally, in a study by Lathan and 

Tracey (2002), multiple tests of spatial ability were used to create a composite measure 

that was associated with reduced time on task and navigation errors, while using a 

teleoperated robotic system.    
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Learning of remote and virtual environments.  Operator spatial abilities were also 

related to the degree to which operators learn the environment that a remote system has 

been navigating.  In a study by Fields and Shelton (2006), the participants were asked to 

judge directional location in an environment while using an aerial or ground perspective 

of a virtual environment.  Tests of spatial ability included the Three Mountain test, 

Vandenberg Mental Rotation test, Road Map Test, and Spatial Perspective test.  Not only 

did each of these tests correlate with performance, but simultaneous regression analyses 

indicated that each of these measures contributed uniquely to prediction of performance 

with both aerial and ground level perspectives.  In another study by Rehfeld (2006), 

regression analyses were used to examine the predictive ability of the Card Rotation test, 

Vandenberg Mental Rotation test, Guilford-Zimmerman Spatial Orientation test, and the 

Guilford-Zimmerman Spatial Visualization test on the degree to which operators 

understood their location, while using an UGV.  When using an absolute measure of error 

as distance between a reported location and the actual location, the Guilford-Zimmerman 

Spatial Visualization test was the only measure to account for unique variance.  In 

contrast, the Card Rotation test was the only measure to account for unique variance 

when assessing whether operators could report being on the correct street, while 

operating their UGV.   

Moderating Variables 

Ground vs. Aerial Vehicle Operation.  A number of variables have been found to 

moderate the relationship between individual spatial ability and performance in remotely 

operated environments.  One such moderating variable is the type of remotely operated 

vehicle, as the relationships of spatial ability and performance have been found to differ 
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between the aerial and ground level perspectives of UAV and UGV operations, 

respectively.  In the study by Chen et al. (in press) described above, participants that 

performed well on the cube comparison test, finished their tasks faster when using a 

UAV (r = -.37).  This relationship, however, was not observed for performance with the 

UGV.  Similarly, in the study by Fields and Shelton (2006), while multiple tests of spatial 

ability correlated with performance, different regression equations and patterns of 

significance emerged for aerial and ground vehicles.  Finally, Diaz and Sims (2003) 

found an interaction where performance on the Guilford-Zimmerman Spatial Orientation 

test was associated with subjective ratings of usefulness of an aerial perspective, but not 

the corresponding ground perspective, while navigating through a virtual environment. 

Type of visual feedback.  Another variable moderating the relationship between 

spatial ability and performance is the type of visual feedback that operators receive from 

unmanned systems.  In a study by Huk, Steinke, and Floto (2003), an interaction was 

identified between spatial ability (Tube Figures test) and visual presentation of 

educational material, on positive/negative impressions of that educational material.  

Specifically, participants with high ability had more positive impressions of training 

material that had 3D media, but when 3D media was absent, spatial ability was not 

associated with any subjective impression.  Similarly, Lathan and Tracey (2002) 

manipulated operator feedback such that operators received either (a) video feedback 

only, or (b) video and vibrotactile feedback, or (c) video and audio feedback, or (d) 

video, audio, and vibrotactile feedback.  Their composite measure of spatial ability was 

related to time on task for all conditions, except for the one in which operators received 

video and vibrotactile feedback.  When examining the relationship between the 
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composite measure of spatial ability and the number of task related errors, a significant 

relationship was only observed for operators in the condition that had both audio and 

video feedback.  

Operator Teams 

The introduction of operator teams into unmanned system operation supplies new 

outlets and research questions to not only improve the understanding of how spatial 

abilities influence performance, but also to improve the understanding of spatial abilities 

in general.  Fincannon et al. (2008) recently conducted one such study.  In this study, 

UAV and UGV operators collaborated during a reconnaissance task to identify targets.  

The reconnaissance task was followed by a workload assessment with the NASA TLX.  

As aerial perspectives had been found to be associated with better understanding of 

remote environments (Chadwick, 2005; Diaz & Sims, 2003), it was hypothesized that the 

UAV operator would be better suited to provide navigation support to a UGV operator, 

and that this relationship should be influenced by the operator’s spatial ability.  In team 

relationships, some UAV operators may provide more support than others may, and 

based on this variance across support which should be influenced by spatial ability, an 

interaction was hypothesized to also exist between the spatial ability of the UAV operator 

and the degree to which that operator provided navigation support to the UGV operator, 

with respect to team performance.  For this analysis, both the Guilford-Zimmerman 

Spatial Visualization and Guilford-Zimmerman Spatial Orientation tests were used as 

measures of spatial ability.  While results indicating that a correlation of .63 existed 

between these two measures were not surprising, the results of the regression analyses 

were unexpected.  As illustrated in Figure 1, spatial visualization of the UAV operator 
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was only related to UGV teammate workload when the UAV operator provided 

navigation support.  When this was the case, higher spatial visualization scores were 

associated with higher workload for the UGV operator.  As illustrated in Figure 2, there 

was a crossover pattern for the interaction between UAV operator spatial orientation and 

navigation support.  Specifically, navigation support from a UAV operator only 

decreased UGV operator workload when the UAV operator had high spatial orientation 

scores.  Considering the high correlation between these two measures of spatial ability, 

this pattern of results is highly unexpected.   

0

UAV to UGV Navigation Support

High Spatial

Visualization

Low  Spatial

Visualization

 
 
Figure 1.  Plot of the Interaction between UAV Operator Spatial Visualization and UAV 

Navigation Support in the Prediction of UGV Teammate Wokrload. 
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Figure 2.  Plot of the Interaction between UAV Operator Spatial Orientation and UAV 

Navigation Support in the Prediction of UGV Teammate Workload. 
 

An Empirical Analysis 

In light of the discussed effects of spatial ability and team effectiveness, this 

chapter presents analysis of archival data conducted by the chapter authors.  Previous 
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research has focused on performance, workload, and situation awareness as outcome 

measures that are associated with spatial ability.  In light of the different questions that 

can be asked with team research, this analysis intended to deviate from the existing 

research by focusing on how spatial ability influenced the actual communication of visual 

information from one teammate to another.   

Similarly to the study conducted by Fincannon et al. (2008), an assumption in this 

analysis is that a UAV operator is best suited to provide support about the remote 

environment to a UGV operator.  Whereas Fincannon et al. focused on navigation 

support from a UAV operator to a UGV operator, this analysis focused on the UAV 

operator’s description of the UGV’s remote environment to the UGV operator.  By 

highlighting the specific differences in how spatial abilities influence team 

communication, a better understanding of why Fincannon et al. found such drastically 

different effects of spatial ability on teammate workload might be obtained. 

This analysis also considered the effect of visual feedback as one of the 

moderating variables discussed above.  Kraut, Fussel, and Siegel (2003) found that the 

addition of shared visual information has a main effect of reducing the verbal 

communication between teammates.  In the context of unmanned system operation, an 

UAV operator that shares a video feed with the UGV operator may be in a better position 

to understand and anticipate the obstacles, questions, and issues of the teammate, which 

would increase the location support that is provided by the UAV operator to the UGV 

operator.  If spatial ability is associated with a better understanding of the additional 

video feed, it would be likely to expect the ability of the UAV operator to interact with a 

manipulation of sharing video feeds.  Specifically, high spatial ability of the UAV 
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operator would be associated with more UAV-to-UGV location support when teammates 

share video feeds.   

Method 

Participants. Data from 82 students from the University of Central Florida who 

participated in a large study were used in this analysis.  These participants were randomly 

assigned to the role of being a UAV operator or a UGV operator, to create a total of 41 

dyad teams. 

Design.  Team were physically separated in the study in accordance with their 

team role of UAV or UGV operator.  The primary manipulation was to the interface that 

teammates used when communicating with each other.  In one condition, participants 

only had access to an instant messaging program for communication, and in the other 

condition, participants were able to observe the video from their teammate’s camera 

while using the instant messaging software.  Spatial ability was measured using the 

Guilford-Zimmerman Spatial Visualization and Guilford-Zimmerman Spatial Orientation 

test.  Regression analyses were used to test main effects of spatial ability (high-low) and 

video (shared-not shared), as well as the interaction between the two variables. 

Testbed.  A scaled military operations in urban terrain (MOUT) environment 

(described by Ososky, Evans, Keebler, & Jentsch, 2007) was used.  A sample teammate 

interface is illustrated in Figure 3.  Participants were able to use an instant messaging 

program that had satellite representation of the facility in a shared workspace to 

collaborate for the planning and execution of missions across both manipulations.  

According to the video manipulation, a UGV operator could see video from the UGV 
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only (not shared) or video from the UGV plus the UAV (shared), and the UAV operator 

could either see video from the UAV (not shared) or the UAV plus UGV (shared).   

 
Figure 3. Sample interface illustrating shared map for mission planning (left), UAV video feed 
(middle-top), UGV video feed (middle-bottom) , instant messaging interface (right-bottom), and 
vehicle control GUI (right-top). 
 

Process Measures.  Three raters coded communication between the UAV and 

UGV operators to produce two team process measures, and the two averages of these 

ratings were used in data analysis.  One process measure was the number of statements 

that a UAV operator used to describe where the UGV was located in the remote 

environment (ICC=.81; α=.93).  The second team process measure was the number of 

times that a UGV operator requested location support from the UAV operator (ICC=.93, 

α=.98).   

Results 
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Descriptive statistics are reported in Table 4, and not surprisingly, an extremely 

high correlation between measures of spatial visualization and spatial orientation was 

observed (r = .62).  Tables 5 and 6 report the overall equations for the hierarchical 

regressions of shared video, spatial ability, and the interaction term for these two 

variables.  The outcome of interest was the number of statements that a UAV operator 

used to describe the environment of the UGV to the UGV operator.  When the regression 

equations used spatial visualization or spatial orientation, the final steps of both analyses 

were significant, F(4,36) = 22.08, p < .001 and F(4,36) = 18.63, p < .001 respectively.  

For the regression equation using spatial visualization, the final step of the analysis 

revealed a significant main effect for shared video (sr2 = .04) on the amount of location 

support from a UAV operator to a UGV operator, where the addition of sharing video 

between teammates generally reduced location support from the UAV operator.  More 

importantly, there was an interaction between shared video and spatial visualization (sr2 = 

.04) in the prediction of the amount of location support from a UAV operator to a UGV 

operator.  As illustrated in Figure 4, the addition of shared video only decreased location 

support from UAV operators with low spatial ability.  When spatial visualization of a 

UAV operator was high, location support from that UAV operator had a small increase.  

While a significant interaction was observed between spatial visualization and shared 

video, an interaction between spatial orientation and shared video was not observed. 

 

Table 4 
 
Correlation Matrix with Means and Standard Deviations (N=41) 
 

 1 2 3 4 5 
1. UAV to UGV 

Location Support 1.0     
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2. UGV Requests for 
Location Support 

 
.81**   1.0    

3. UAV Spatial 
Visualization .27   .26  1.0   

4. UAV Spatial 
Orientation .22  .23 .62**   1.0  

5. Video 
Manipulation -.21 -.17  .16   .04   1.0 

Mean .54 .54 16.59 17.63 1.49 

Standard Deviation 1.02 1.24 7.76 8.88 .51 
 

Table 5 
 
Hierarchical Regression Analysis Reporting the Standardized Coefficient (!) for Spatial 
Visualization Predicting UAV to UGV Location Support 
 

Variable STEP 1 STEP 2 STEP 3 
UGV Requests for 
Support .81 ** .78 ** .84 ** 

Shared Video 
Manipulation   -.09  -.52 * 

UAV Spatial 
Visualization (UAV 
SpV) 

  .08  -.16  

UAV SpV  X  Video     .56 * 

R" .66 ** .67 ** .71 ** 
# R"   .01  .04 * 

*   p<.05,  **p<.01 
 

Table 6 
 
Hierarchical Regression Analysis Reporting the Standardized Coefficient (!) for Spatial 
Orientation Predicting UAV to UGV Location Support 
 

Variable STEP 1 STEP 2 STEP 3 
UGV Requests for 
Support .81 ** .79 ** .80 ** 

Shared Video 
Manipulation   -.08  -.23  

UAV Spatial 
Orientation  (UAV 
SpO) 

  .04  -.20  

UAV SpO  X  Video     .30  
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R" .66 ** .67 ** .67 ** 
# R"   .01  .01  

*   p<.05,  **p<.01 
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Visualization

 
 
Figure 4.  Plot of the interaction between UAV operator spatial orientation and UAV 

navigation support on UGV teammate workload. 
 

Discussion 

In this analysis, effects were only found in association with spatial visualization, 

but not spatial orientation.  First, this indicated that when spatial visualization was used in 

a regression analysis, an interesting interaction was observed where sharing video feeds, 

as opposed to not sharing video, between a team of unmanned system operators only 

reduced UAV-to-UGV location support for UAV operators with lower spatial ability 

scores.  For UAV operators with high spatial visualization ability, the video manipulation 

had a small increase in this type of communication.  Second, in terms of experimental 

design and analysis, the difference in using one test over the other would have been the 

difference in either finding or missing this effect.  Taken together, this pattern of effects 

highlights the need for attending to the construct of spatial ability that a researcher uses in 

a given analysis. 
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As with previous findings regarding spatial abilities, these effects can raise a 

number of questions.  First, spatial visualization might simply be associated with a better 

understanding of visual representations in the shared video condition, and the additional 

communication could be an indication of support that was necessary for the successful 

completion of the task.  Alternatively, if we assume that spatial visualization is more 

strongly associated with complexity than spatial orientation, the difference in finding an 

interaction between spatial visualization and the sharing of video that was not observed 

with spatial orientation might point to an effect that is only associated with a higher level 

of spatial processing.  This higher level of processing might result in a more complex 

understanding of the remote environment, which would require a complex explanation.  

In the present analysis, the complexity of the explanation would be reflected in the added 

number of statements that were required for a UAV operator to convey information to a 

UGV operator. 

If we assume that spatial visualization is associated with a strategically complex 

comprehension of visual representations that requires a complex explanation, it might be 

possible to explain findings by Fincannon et al. (2008).   In their analysis, Fincannon et 

al. found that the spatial visualization of a UAV operator interacted with navigation 

support provided by that operator.  Specifically, the workload of the UGV teammate was 

higher for UAV operators with high spatial visualization that provided navigation 

support.  If the workload of a UGV teammate is influenced by the complexity of a 

message that they need to comprehend, the spatial visualization of the UAV operator 

would increase the workload experience by a UGV operator.   
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In terms of experimental design and analysis, another discussion point has to do 

with highlighting the differences in the results that were obtained with these two tests of 

spatial ability.  Previous methods that have used to distinguish measures of spatial ability 

from each other have focused on the use of factor analysis or performance the outcomes.  

In contrast, the variable of interest in this analysis focused on communication between 

teammates.  Because little research has considered this variable, communication and 

verbal expression of visual information may emerge an a new variable of interest in 

research with spatial ability.   

A final point of discussion has to do with effect sizes.  Results from this study 

produced a sr2 of .04, and the results by Fincannon et al. (2008) produced similar sr2 of 

.05 and .06.  In the presence of high correlations between constructs and measures of 

spatial ability, it would be likely to expect the differences that emerge to be somewhat 

small.  As discussed by Shadish, Cooke, and Campbell (2002), the use of suppression and 

covariates may be necessary to increase power to find these effects.  If multiple 

significant effects can be combined however, the overall effect can be much larger.  As 

demonstrated by Fincannon et al., multiple significant effects could be combined to 

explain a much larger portion of variance in the teammate’s workload (R2=.15). 

Concluding Remarks 

As discussed in this chapter, there are a number of differences between different 

measures of spatial ability.  While the research used to differentiate constructs of spatial 

ability remains somewhat unfinished, the use of multiple measures of spatial ability can 

provide interesting and dissociable results.   Differences between correlations can be 

small and require the use of more sophisticated research methodology, but multiple 
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effects can have the potential to be compounded into larger effects.  Future research 

focusing on spatial ability might truly benefit from taking these points into consideration. 

Research with teams of unmanned vehicle operators must also address the way in 

which the individual abilities need to be indexed and combined at the team level.  For 

example, is the spatial ability of the most spatially able team member what determines 

the performance of the team, or is it that of the least spatially able team member?  

Alternatively, is performance predicted by the total amount of spatial ability in the team 

(i.e., the sum of the team members’ spatial abilities), or by the difference in spatial ability 

between the most and least able team member?  In each case, a different index would 

have to be used to mark the team’s spatial ability.  Future research must therefore be 

mindful not only of the different dimensions of spatial abilities and how to measure them, 

but also of the ways in which individual-level ability variables must be combined to 

index the team’s ability. 

Even as this chapter has focused on finding differences between measures of 

spatial ability, this does not necessarily mean that every researcher should try to use 

measures of every construct of spatial ability.  High intercorrelations between spatial 

ability constructs carries the implication that effects can be found regardless of the 

construct that the test is intended to capture.  Great attention to and selection of these 

constructs, however, might aid researchers in highlighting specific relationships and ease 

the entire research process. 
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