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1. Introduction 

The concept of a sand table, providing the capability to visualize and simulate the 
multiple options of a battlespace on a changeable surface, has a long history in 
battle planning (Smith 2009). As Smith (2009) suggests, low-resolution sand tables 
are still effective at modeling an analog of the relevant battlespace features such as 
personnel, terrain—and more importantly—the probability of decision outcomes. 
Today, sand-table exercises (STEXs) are critical for developing situational 
awareness of the battlefield as well as developing cognitive-reasoning skills about 
the dynamics of the battlefield elements (Kott et al. 2014). In addition, STEXs are 
cited as effective tactical-training tools with the potential to positively affect 
cognitive-skill development (e.g., spatial orientation) and tactical decision making 
(Amburn et al. 2015). Any effort made to enhance or modify existing, traditional 
sand tables would need to ensure the new system will meet ease-of-use and training 
outcome requirements deemed important by Military instructors and leaders. 

There are high-tech alternatives to traditional sand tables that reflect the complexity 
and dynamically changing needs of current, diverse battlespaces. For example, 
multitouch surfaces (McManis 2012; Szymanski et al. 2008; Bortolaso et al. 2014) 
and total digitization concepts such as 3-D holographic displays (McIntire et al. 
2014; Qi et al. 2005) purport to replace sand table capabilities in the field. These 
systems may augment sand table capabilities by providing consistent distributed 
training, improved after action reviews, and heightened environmental fidelity 
(Waller et al. 1998). These advancements do come at a substantially higher cost as 
system components (e.g., off-the-shelf multitouch surfaces and 3-D holographic 
displays) are available for thousands of dollars and must be integrated with 
customized software solutions. More importantly, these components come with 
scaling, brightness, resolution, and durability issues that may limit their use in the 
field (Geng 2013; Schoning et al. 2008). Beyond the technical issues, research is 
needed to understand the benefits and drawbacks in terms of effectiveness of 
training and efficiency of use of various technologies to execute STEXs and similar 
tactical exercises, with the goal of supporting acquisition cost-benefit analysis 
based on statistical outcomes regarding efficacy. 

The Augmented REality Sandtable (ARES) system combines a traditional sand 
table, providing tactile and 3-D visualization of terrain, with a digital overlay that 
provides enriched graphics and interactivity (Amburn et al. 2015). This 
combination yields a multimodal and multisensory learning experience (O’Shea et 
al. 2009) over both paper maps and digital maps in isolation, which is expected to 
result in significantly higher spatial knowledge and spatial-reasoning skills 
acquisition.  
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This study was designed to empirically examine spatial-knowledge acquisition and 
understanding across 3 distinct media: 1) a 2-D paper map, 2) a digitized 2-D 
display of a 3-D map, and 3) a digital down-project 2-D map displayed on a 3-D 
sand table (ARES). Two main objectives of the study were to a) determine the 
impact of media tool on spatial-knowledge acquisition and spatial-reasoning skills 
and b) provide a foundation for establishment of a learner-centric environment 
using novel technology. Based on previous research, it was hypothesized that the 
2-D map overlaid on a 3-D surface (ARES) would significantly improve spatial-
knowledge acquisition over existent training mediums, as it provides additional 
visual-depth cues to enhance terrain visualization (Wickens et al. 2000) over map 
presentations alone. Improved spatial-knowledge acquisition was equated to 
improved performance scores across 3 experimental tasks—landmark 
identification, distance estimation, and situational judgements—which have been 
used extensively in the research to evaluate spatial knowledge (Darken and 
Peterson 2014; McDaniel and Whetzel 2007; Siegel and White 1975; Thorndyke 
and Goldin 1983).  

2. Methods 

2.1 Participants 

Fifty participants—39 males and 11 females—ranging in age from 18 to 41 years 
(mean age [Mage] = 22.49, standard deviation of age [SDage] = 4.35) voluntarily 
completed the study. Participants who were not active duty Military personnel were 
compensated for voluntary participation. Of the total participants, 43 were from the 
University of Central Florida’s Reserve Officers’ Training Corps and 7 were 
reserve personnel from the US Army’s 143rd Sustainment Command in Orlando, 
Florida. All participants reported familiarity and experience with map reading. A 
within-subjects design was implemented in which all participants experienced the 
full range of experimental conditions. Informed consent was obtained from all 
participants. 

2.2 Apparatus 

Three experimental display media were used in this study:  

1) A 2-D paper map that included an 8.5- × 11.0-inch representative portion 
taken from a US Army topographical map of Fort Irwin, California. 

2) A 2-D digital 3-D map display that was a view of Google Earth (free 
desktop version) presented on a laptop computer showing an area of Yuma, 
Arizona. 
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3) A digital down-project 2-D map displayed on a 3-D sand table comprising 
an ARES system with a 55- × 32-inch sand table 3 ft high that contained 
sand 7.5 inches deep, and above it a projector down-projecting a 2-D display 
of an area of the Mustang Mountains near Fort Huachuca, Arizona. 

The 3 test maps were developed by an Army subject matter expert (SME) with 
more than 25 years of service, including Air Defense operations, and were based 
on equivalency of terrain and landmarks present in the area. Expert agreement on 
equivalency of the terrain difficulty of the map areas and landmarks was established 
with a second Army SME with more than 20 years of service. 

2.3 Tasks and Stimuli 

For each experimental display medium, participants were asked to complete 3 tasks. 
The 3 tasks were completed in order as listed here for each participant on each 
medium to consistently present evaluations in order of spatial knowledge 
complexity (Darken and Peterson 2014).  

2.3.1 Landmark Identification Test 

First, the Landmark Identification Test consisted of 8 multiple choice items 
assessing an individual’s proficiency in reading the various landmark features on a 
map that was based on work by Jones (1999). Participants answered on a tablet by 
selecting from a drop-down list of potential answers to define each specific 
landmark feature identified in the presented map.  

2.3.2 Distance Estimation Test 

Second, participants completed the Distance Estimation Test. This included 3 items 
assessing distance estimation (Darken and Banker 1998; Darken and Peterson 
2014). Participants were asked to review 3 specific route segments marked on the 
provided map and estimate the driving distance, taking terrain into account. Each 
map included a scale for reference. Participants were asked to estimate the distances 
from a start location to Location 1, from Location 1 to Location 2, and from 
Location 2 to Location 3 (see Fig. 1). Participants provided their answers on a tablet 
by entering their response in a numeric field on the designated questionnaire form.  
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2.3.3 Situational Judgment Tests 

Finally, each participant completed 2 Situational Judgment Tests (SJTs) designed 
to assess survey knowledge (Darken and Peterson 2014; McDaniel and Whetzel 
2007). Each scripted scenario outlined a scenario objective and required 
participants to label the best, second best, and worst route alternatives displayed on 
the provided map given the scenario objectives and constraints. Each SJT was 
developed by the Army SME (described in Section 2.2).  

 

 

Fig. 1 Example of distance estimation task 

2.4 Questionnaires, Surveys, Psychometric Tests, or Forms 

Validated measures associated with individual differences were selected based on 
past research and theory to examine the effects of individual differences potentially 
impacting performance of the spatial knowledge tasks conducted in this study 
(Goldiez et al. 2007; Darken and Banker 1998; Hart and Staveland 1988; Watson 
et al. 1988). Demographics including age, gender, education, and experience were 
captured on a self-report questionnaire. Additional metrics included the following: 

• Positive and Negative Affect Schedule (PANAS), a validated measure of 
mood during the past week, which may affect individuals’ active 
engagement in each task (Watson et al. 1988).  
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• Task Self Efficacy, a self-report of one’s perceived capability of his/her 
competency to perform spatial knowledge tasks using each tool, which was 
developed based on those used by Jones (1999).   

• Spatial Orientation Aptitude, a validated, computerized assessment battery 
(Carpenter et al. 2010; Johnston et al. 2011) to evaluate the ability to 
imagine rearrangements or restructuring of individual components or 
surfaces to form a multidimensional object (Ekstrom et al. 1976). Past 
research has found that spatial orientation aptitude is related to higher 
learning and performance on the types of tasks in the present study (Goldiez 
et al. 2007; Darken and Banker 1998).   

• NASA Task Load Index (NASA-TLX), a validated, perceived workload 
and effort self-report questionnaire to capture data against these variables, 
which could affect variance in learning and performance scores (Hart and 
Staveland 1988.)   

• Utility Perceptions (UP) Questionnaire, a 5-item self-report that assess 
one’s perceptions of the utility of each level of training and planning tool 
type for learning and potential for performance improvement (Davis 1989). 

2.5 Experimental Design 

The experiment was conducted as a within-subjects experimental design with a 
single factor consisting of 3 levels: paper map, 2-D display of 3-D map, and down 
project of 2-D on 3-D surface. Within the context of a series of spatial knowledge 
acquisition exercises, participant performance was assessed on multiple dependent 
measures: Landmark Identification Test, Distance Estimation Test, SJT, and UP 
(Darken and Banker 1998; Darken and Peterson 2014; Jones 1999; McDaniel and 
Whetzel 2007). Potential covariate measures collected included mood (Watson et 
al. 1988), task self-efficacy (adapted via Jones 1999), and spatial-orientation 
aptitude (Johnston et al. 2011). Measures of perceived workload (NASA-TLX) 
(Hart and Staveland 1988) and perceived utility (Davis 1989) were also collected.   

2.6 Procedure 

Upon arrival, participants reviewed and signed an informed-consent form. 
Participants were then provided with an overview of the study and asked to 
complete pretask and self-report measures, including the demographics 
questionnaire and the PANAS. After completing the self-report measures, 
individuals completed the computerized test, which assessed spatial orientation 
aptitude. During testing, study conditions were counterbalanced to avoid order 
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effect. Each participant was exposed to the 3 study conditions: paper map, 2-D 
digital display of a 3-D map, and a 2-D overlay on a 3-D sand surface. Before 
completing tasks on each interface, participants completed the Task Self Efficacy 
questionnaire. Participants then performed each spatial-knowledge task (landmark 
identification, distance estimation, and situational judgment test) on each of the 3 
study conditions. Following exposure to each condition, participants completed the 
NASA-TLX to assess perceived workload and effort for the given condition. After 
all tasks were completed under a given condition, participants also completed a 
utility perceptions assessment after which they had a 5-min rest period. A total of 
3 experimenters collected data following a prescribed experimental protocol to 
avoid differences in experimental procedures across experimenters. Table 1 
presents the ordered description of the experimental procedures experienced by 
each participant. Exposure to each tool type for in-test assessments was 
counterbalanced. 

Table 1 Order of experimental procedures 

Informed consent 
 
Study instructions 
 
Pretest assessments Demographic Questionnaire 

PANAS  
Spatial Orientation Aptitude Test 
 

In-test assessments (with 
counterbalanced exposure to 
tool type) 

 
Task Self Efficacy 
Landmark Identification Test 
Distance Estimation Test 
SJT 
 

Posttest assessments NASA-TLX 
UP 
 

Debrief 
 

3. Results and Discussion 

3.1 Data Reduction and Analysis 

To assess data for analyses, data were coded and scored as follows. 

Landmark identification produced 8 responses for each participant that were coded 
numerically as correct (1) or incorrect (0), then summed to give a total score of  
0–8. Higher scores indicate better performance.  
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Distance estimation produced raw distance estimates in meters for a path. Delta 
distance was calculated for the path by taking the absolute value of participant 
distance estimates from the actual distance values. The delta distance value 
indicates how close a participant’s estimates were to actual distances and, as such, 
smaller numbers indicate better distance-estimation performance. Three estimates 
were made along each and averaged to calculate delta distance scores. This 
approach was implemented based on distance-estimation tasks used in past research 
(e.g., Jones 1999) and provided opportunities to collect distance estimations across 
various terrain types (e.g., valleys, mountain range) within the smaller segments of 
the overall path. The goal was to provide multiple opportunities for estimating 
distances, increasing sampling, to better assess the impact of the tool type on the 
measure.  

The SJT was scored by comparing participant rankings of route effectiveness to 
SME ranking of route effectiveness (see Table 2). Points were applied based on 
accuracy of participant ranking. When the optimal route per SME analysis of the 
criteria was ranked as optimal/first by a participant, 2 points were awarded. When 
the worst route was ranked as optimal/first by the participant, 0 points were 
awarded. If the second best route was ranked as optimal/first by the participant, 1 
point was awarded.  

Table 2 SJT scoring scheme 

 SME-ranked routes (A) Optimal  (B) Second 
best  

(C) Worst  

Pa
rt

ic
ip

an
t- 

ra
nk

ed
 r

ou
te

 

(a) Optimal 2 points 
 

1 point 
 

0 points 
 

(b) Second 
best 

1 point 
 

2 points 
 

1 point 
 

(c) Worst 0 points 
 

1 point 
 

2 points 
 

 
Two situational judgment tasks were completed with a maximum of 6 points each, 
earned when participant rankings exactly matched SME rankings (see Table 3). 
Scores were summed across 2 situational judgment tasks as per guidance from past 
literature (McDaniel and Whetzel 2007), resulting in a total possible point value of 
12. Higher scores indicate better performance. 
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Table 3 Scoring scheme 

Participant-ranked 
route combinations 

 
Points awarded 

a/b/c 6 
a/c/b 4 
b/a/c 4 
b/c/a 2 
c/a/b 2 
c/b/a 2 

3.1.1 Outlier Analysis 

Outliers were defined as data points that fell outside 2 standard deviations from the 
mean. If a single participant had more than 50% of his/her data considered to be an 
outlier, then the entire dataset for the participant would be omitted from data 
analysis (e.g., McGill et al. 1978). No participant was omitted completely by this 
rule. However, 5 outliers were detected for the distance estimation task and were 
excluded from that analysis only (see Appendix A). The goal for outlier removal 
was to reduce potential for inflated error rates, skewed data, and potential 
misrepresentation of statistical analysis (Zimmerman 1994). 

3.1.2 Normality Testing 

To test normality of the data, an evaluation of skewness and kurtosis was performed 
in the Statistical Package for Social Science. In addition, descriptive data were 
reviewed along with histograms with normalcy curves and box plots (see Appendix 
B). Variables that resulted in values of greater than ±2 in either skewness or kurtosis 
from the statistical evaluation were considered abnormal. (See Appendix C for a 
summary of the data.) According to the results, data from one variable, Utility 
Perception under the ARES condition, violated the criteria indicating skewness and 
kurtosis. The skewness of data is a result of very high ratings on subjective 
perceptions of utility for the ARES condition. Because there is no nonparametric 
equivalent, a repeated measures analysis of variance (ANOVA) was used to analyze 
the data. 

3.1.3 Sphericity Testing 

Additionally, Mauchly’s sphericity test was performed for all repeated measures 
ANOVA tests performed, as sphericity is an important assumption for repeated 
measures ANOVA. The F-tests violation was found for Distance Estimation data 
only. A Greenhouse–Geisser correction was applied. No other violations to the test 
of sphericity were found. The Greenhouse–Geisser correction F-statistic and 



 

Approved for public release; distribution unlimited. 
9 

accompanying p-value for all other tests were equal to that of the statistics reported 
when sphericity was assumed based upon the total number of participants.  

For each metric under evaluation, a repeated measures ANOVA was used to 
analyze the screened data. We followed a full counterbalanced design to control for 
order effects with repeated measures analysis. Data were collected on a total of 54 
participants (groups of 9 for each condition). Our analysis was conducted on data 
for 50 participants due to incomplete data sets. Analysis revealed no significant 
correlations between order of exposure to the 3 conditions and any of the dependent 
variables, indicating no order effects.  

Eta squared (η2) and partial eta squared (ηp2) are 2 of the commonly used measures 
of effect size in ANOVA, particularly for repeated measures designs (Lakens 2013; 
Bakeman 2005). When reporting effect sizes for ANOVAs, it is recommended to 
report partial eta squared, which may also be useful for comparing effects across 
different studies in contrast to eta squared (Lakens 2013). Partial eta squared is 
reported here as the appropriate effect-size statistic for repeated measures ANOVA 
with the rule of thumb for small, medium, and large effects, respectively, as 0.01, 
0.06, and 0.14. As partial eta squared does not explain the size difference between 
each of the pairwise mean differences, we also include Cohen’s (1988) effect-size 
values (d) with the convention for small, medium, and large effects, respectively, 
as 0.2, 0.5, and 0.8. Past research evaluating the effectiveness on instructional 
design features through meta-analysis of studies comparing different simulation-
based instructional interventions utilized these Cohen’s effect-size benchmarks for 
determining educational significance (Cook et al. 2013). Post hoc analysis was 
completed using Bonferroni’s procedure and is reported on significant effects. 

3.2 Results 

3.2.1 Landmark Identification 

Significant main effects were found with regard to tool type for performance on 
landmark identification: F(2, 94) = 11.55, p < 0.001, ηp2 = 0.197 (see Fig. 2). 
Landmark identification was assessed via a count of correct identifications. Higher 
values indicate better performance scores in the landmark identification task. Post 
hoc analysis of scores on landmark identification using Bonferroni’s procedure 
indicated that average performance using the 2-D map projected on the 3-D sand 
table (MST = 5.04, SDST = 2.14) was significantly better than performance using the 
paper map (MP = 4.25, SDP = 1.85, p = 0.006, 95% confidence interval (CI) [0.19, 
1.40], d = 0.39) and significantly better than scores using Google Earth (MGE = 
3.88, SDGE = 1.10, p < 0.001, 95% CI [0.48, 1.85], d = 0.69). The scores for 



 

Approved for public release; distribution unlimited. 
10 

landmark identification using paper map and Google Earth were not significantly 
different, p = 0.30. 

 

Fig. 2 Comparison of means for landmark identification performance (standard error [SE] 
bars shown) 

3.2.2 Distance Estimation 

There was a significant main effect of tool type for distance estimation performance 
(i.e., the accuracy in estimating distances as measured by the average deviation 
between participant estimates and actual distances), F(1.71, 60.05) = 13.19, p < 
0.001, ηp2 = 0.274 (see Fig. 3). Lower values indicate better performance in 
estimating distances across the tool types. Post hoc analysis of means using 
Bonferroni’s procedure indicates that distance estimates performed using the 2-D 
map on the 3-D sand table (MST = 296.27, SDST = 171.68) were shown to be 
significantly better (more accurate) than paper (MP = 642.51, SDP = 306.25, p < 
0.001, 95% CI [–486.44, –206.04], d =1.39) and Google Earth (MGE = 570, SDGE = 
433, p = 0.002, 95% CI [–459.33, –88.11], d = 0.83). The paper map and Google 
Earth were not significantly different in terms of effects on distance estimation,  
p = 1.00. 
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Fig. 3 Comparison of means for distance estimation performance (SE bars shown) 

3.2.3 SJT 

Statistical analysis on composite data across 2 SJTs revealed there was no 
significant effect of tool type on performance in SJTs, F(2, 100) = 1.19, p = 0.309, 
ηp2 = 0.023. Performance with the sand table was comparable to performance using 
the other 2 media.  

3.2.4 Perceived Utility 

There was a significant main effect of tool type for UP, F(2, 80) = 13.26, p < 0.001, 
ηp2 = 0.249 (Fig. 4). According to results of post hoc analysis, participants rated the 
utility of the sand table (MST = 24.34, SDST = 4.99) significantly higher as compared 
to either the paper map (MP = 19.10, SDP = 6.68, p < 0.001, 95% CI [2.33, 8.16], d 
= 0.89) or Google Earth (MGE = 19.44, SDGE = 6.54, p < 0.001, 95% CI [2.39, 7.42], 
d = 0.84). Perception of utility on the paper map and Google Earth were not 
significantly different, p = 1.00. 

In general, participants rated the 2-D map projected on the 3-D sand table as highly 
useful. Specific user comments indicate the sand table was easy to use, that users 
enjoyed using the sand table to complete navigational tasks over traditional 
methods, and they thought they would learn wayfinding/navigational skills 
effectively using the sand table. Table 4 is a sample of participants’ comments when 
asked open-ended questions about sand-table interaction. 
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Table 4 Subjective perceptions of sand table 

What did you like best about the sand table? 
Extremely easy route viewing, comparison of routes are much easier. 
Fun, better than just looking at a map. Easy to use and see. 
It showed in 3D what the contours looked like. 
Seeing topographic features and elevation was much easier than on a paper map. 
Super easy to learn on and gives you a good idea of what you should be doing in your head 
when you are navigating. 
Better visualization. 
Gives a more accurate representation of terrain than a map. 

What did you like the least about the sand table? 
Could be larger to incorporate more terrain features. 
Just the fact that it has to be put in slideshow mode in order for it to project correctly. 
It probably took a lot of time to form the terrain perfectly to the map. 
Switching back between screens on the computer and the table. 

What else would you like to tell us about the sand table as it relates to 
wayfinding/navigation? 

Is a great tool and is very easy to use for navigating. 
Good interactivity. 
Very good learning tool to introduce people to a topographical map. 
It is a good tool, especially for doing post-training after action reports. 
That was AWESOME!!!!  Where was this when I was in basic????  Especially helpful for 
people like me who struggle with depth perception. 
Easily seen/user friendly. 

 
 

 
 

 

Fig. 4 Comparison of means for UP (SE bars shown) 
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3.2.5 Workload 

The 2-D map projected on a 3-D sand table resulted in comparable subjective 
workload ratings (MST = 53.00, SDST = 13.16) as compared to traditional 2-D paper 
maps (MP = 55.64, SDP = 13.85) and Google Earth (MGE = 54.91, SDGE = 13.26). 
The sand table produced the lowest overall workload ratings, though the analysis 
of the workload data revealed no significant effect of tool type F(2,96) = 1.23, p = 
0.30, ηp2 = 0.025. This may be related to the perceived ease of use as captured in 
the UP questionnaire reported above.  

4. Conclusions 

The ARES combines the tactile nature of a traditional sand table with digital terrain 
overlay on sand to promote interactivity and improve terrain visualization in 3-D. 
This multimodal combination is expected to result in better performance on tasks 
involving spatial knowledge and spatial reasoning. The current study was aimed at 
assessing the impact of tool capabilities on these types of spatial skills and 
comparing ARES outcomes to performance results observed with more traditional 
map mediums: paper maps and 3D map representations (e.g., Virtual Battlespace). 
Results are promising and indicate that ARES, which provides for user-controlled, 
multimodal interactions with tactile and 3-D visualizations, produced superior 
performance on various spatial-knowledge tasks and higher overall perceived 
usefulness, on average, as compared to the other tool types. These results present 
initial evidence that ARES and similar novel technologies can be effective learner-
centric environments for training and rehearsal.  

In general, ARES was rated high in terms of perceived utility. Analysis revealed 
significantly higher ratings for ARES as compared to a paper map and 3-D 
representation. It is possible that the higher utility scores observed for ARES were 
the result of the novelty of the technology for participants. While this potential 
exists, it can be noted perceived utility was assessed for all media following 
counterbalanced exposure to the specific tool type and participants did not provide 
comparative assessments across the 3 tool types. Additionally, open-ended 
questions regarding the utility of ARES resulted in participant comments on the 
ease of use of the technology for completing the specified experimental tasks.  

Though participants are expected to have been more familiar with paper maps, 
workload ratings for ARES were comparable to (not significantly higher than) 
ratings provided for the paper map and—also potentially novel—the 3-D map 
representation. This study found ARES produced significantly higher performance 
on landmark identification tasks and distance estimation tasks as compared to a 
paper map and a 3-D map representation. Surprisingly, similar results were not 
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observed for the SJT. Analysis revealed no significant effect of tool type on these 
results. Upon further review of the test design and instructions, it was concluded 
that instructions for the situational judgment tasks may have produced a conflicting 
set of goals (i.e., prioritizing distance optimization with hazard avoidance) that the 
participants were not able to resolve in the manner expected. This limitation may 
have led to the overall low performance scores observed for the SJTs and, 
ultimately, the lack of impact of the tool type. Overall, ARES yielded superior 
results as compared to paper map and 3-D representation (e.g., Google Earth) on 
representative spatial knowledge and spatial reasoning tasks, suggesting it as a 
potential benefit to the US Military for training and planning.  

Future research should focus on further exploring the findings presented here, 
specifically the inconclusive results on the situational judgment tasks and with 
respect to utility of ARES for enhancing performance on other spatial and decision 
making tasks (e.g., route planning and analysis, mission planning, course of action 
analysis), as well as tasks that incorporate interaction with the sand and digital 
overlay to assess the impact of the tangible interface to learning and knowledge 
retention. As interface designs can substantially impact the quality of performance 
with various technologies, work should be done to systematically evaluate ARES 
interfaces to ensure utility is not hindered by usability. Further, given the potential 
for ARES and other sophisticated sand-table technologies for enhancing training, 
research should be conducted to empirically evaluate a) the potential for learning, 
b) how long learning persists as compared to more traditional training tools, and  
c) the potential for transfer of training from ARES to reality.   
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Appendix A: Graphs of Outlier Analysis  
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Fig. A-1 Outliers distance estimation scores, Google Earth condition; Participants 29, 26,  
and 9 

 

 

Fig. A-2 Outliers distance estimation scores, ARES sand-table condition; Participants 6  
and 7 



 

Approved for public release; distribution unlimited. 
21 

 

 

 

 

 

 

 

 

Appendix B: Histograms with Normalcy Curves  
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Fig. B-1 Histogram landmark identification scores, paper condition 

 

 
 

Fig. B-2 Histogram landmark identification scores, Google Earth condition 
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Fig. B-3 Histogram landmark identification scores, sand-table condition 

 

 

Fig. B-4 Histogram distance estimation scores, paper condition 
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Fig. B-5 Histogram distance estimation scores, Google Earth condition 
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Fig. B-6 Histogram distance estimation scores, sand-table condition 

 

 

Fig. B-7 Histogram situational judgment task scores, paper condition 
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Fig. B-8 Histogram situational judgment task scores, Google Earth condition 

 
 

 

Fig. B-9 Histogram situational judgment task scores, ARES condition 
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Fig. B-10 Histogram utility perception ratings, paper condition 

 
 

 

Fig. B-11 Histogram utility perception ratings, Google Earth condition 
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Fig. B-12 Histogram utility perception ratings, sand-table condition 
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Appendix C: Summary Results of Normality Testing 
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This appendix appears in its original form, without editorial change.



 

 

Table C-1 Normality test statistics 
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N Valid 44 40 44 42 43 38 43 39 44 38 44 41 
Missing 13 17 13 15 14 19 14 18 13 19 13 16 

Mean 4.3636 629.5833 9.2727 19.2143 3.8605 564.5263 8.837 19.8974 5.0682 303.9912 8.636 24.3171 
Median 5.0000 539.3333 10.0000 20.0000 4.0000 461.1667 10.000 22.0000 6.0000 278.3333 8.000 26.0000 
Mode 5.00 362.33a 8.00 23.00a 4.00 212.67a 10.0 25.00 6.00a 154.00 8.0 28.00 
Std. Deviation 1.93007 293.81123 1.83460 6.52775 1.12507 424.59499 2.3997 6.67988 2.15015 183.02614 1.8689 5.00719 
Variance 3.725 86325.041 3.366 42.611 1.266 180280.905 5.759 44.621 4.623 33498.567 3.493 25.072 
Skewness -.586 1.283 -.329 -.640 -.555 .824 -.536 -.714 -.651 1.119 .022 -2.652 
Std. Error of Skewness .357 .374 .357 .365 .361 .383 .361 .378 .357 .383 .357 .369 
Kurtosis -.628 1.989 .305 -.221 -.242 -.050 -.454 -.444 -.667 1.047 -.072 8.207 
Std. Error of Kurtosis .702 .733 .702 .717 .709 .750 .709 .741 .702 .750 .702 .724 

P
er

ce
nt

ile
s 

25 3.0000 420.0833 8.0000 15.0000 3.0000 209.6667 8.000 15.0000 3.0000 158.0000 8.000 23.0000 

50 5.0000 539.3333 10.0000 20.0000 4.0000 461.1667 10.000 22.0000 6.0000 278.3333 8.000 26.0000 

75 6.0000 728.6667 10.0000 24.0000 5.0000 929.2500 10.000 25.0000 7.0000 398.6667 10.000 28.0000 

a. Multiple modes exist. The smallest value is shown 
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List of Symbols, Abbreviations, and Acronyms 

2-dimensional  2-D 

3-dimensional  3-D  

ANOVA  analysis of variance 

ARES  Augmented REality Sandtable 

CI  confidence interval 

d  Cohen’s d 

η2  eta squared 

ηp2  partial eta squared 

M  mean 

NASA-TLX  NASA Task Load Index 

PANAS  Positive and Negative Affect Schedule 

SD  standard deviation 

SE  standard error 

SJT  Situational Judgment Test 

SME  subject matter expert 

STEX  sand-table exercise 

UP  utility perceptions 
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