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Abstract 

The purpose of this research was to examine the effects of combat 
identification systems on a soldier’s engagement decision. The research 
investigated changes in target identification performance and response 
biases across different simulated battlefield and aid conditions. These 
conditions were manipulated by changing the costs of making an error and 
the availability of an aid.  
 
Signal detection theory served as the basis for this study and its analytical 
model. 19 university students were recruited to interact with a combat 
identification simulation and were asked to identify and engage targets in six 
experiment blocks presented in a random order. Target identification 
performance results indicated a significant effect of aid condition, but not in 
cost of errors. Participants always made fewer errors in the presence of an 
aid, regardless of the costs of error. In addition, response bias results 
revealed no significant effects of aid condition, cost of error, or the interaction 
of both factors. Generally, results indicated that the response bias for all 
conditions was not significantly different from the optimal value, illustrating 
that participants adjusted their response bias appropriately.  
 
This research has implications for the design of operation briefings and 
engagement training for soldiers. Findings from this research can be used to 
help military personnel better understand the effects of combat identification 
systems on their decision making, thereby improving the level of reliance in 
these systems, which can contribute to a reduction in the risk of friendly fire 
incidents. 
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Chapter 1: INTRODUCTION 

 
1.1 Problem Statement and Motivation 

The risk of fratricide, or friendly fire, has always been a by-product of warfare. 

The term fratricide, according to US Army Training and Doctrine Command 

(TRADOC) Fratricide Action Plan, is  

“the employment of friendly weapons and munitions with the intent to 
kill the enemy or destroy his equipment, or facilities, which result in 
unforeseen and unintentional death or injury to friendly personnel” 
(Steinweg, 1995).  

 

Fratricide incidents are a common misfortune of warfare, and these incidents 

have been documented in both World War I and II. Reports have shown that 

fratricide accounted for about 2% of all fatal casualties in the Korean War, 

2.9% in Vietnam, and as much as 25% during the Gulf War (Ayers, 1993). 

Despite today’s advanced technology that enables the creation of very mobile 

and precise weaponry, studies continue to show a rise in the risk of fratricide 

incidents (Pae, 2003).  

 

A variety of technical solutions have been developed with the intent to reduce 

the risk of fratricide, and one of which, the combat identification (CID) system, 

was introduced to assist in improving a soldier’s combat identification ability. 

A weakness of this system is that it cannot positively identify a target without 

a working transponder device (Sherman, 2000, cited in Wang, 2007; 

“SIMLAS,” 2006, cited in Wang, 2007). So, when the received signal on the 

transponder is not a positive identification, the target can be hostile, friendly 
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or neutral. Soldiers seem to have difficulty relying on this imperfect 

automation appropriately, which may limit the benefits and the proper use of 

this technology (Briggs & Goldberg, 1995).  

 

Moreover, this study was motivated by previous research performed by Wang 

(2007). Wang’s study focused on the reliance on combat identification 

systems in which she derived conclusions and implications that could be 

further studied. Suitably, this thesis serves as an extension to Wang’s 

research. The purpose for this study was to examine the effects of combat 

identification systems on a soldier’s engagement decision making, thereby 

deriving implications on future briefings and training to help soldiers more 

appropriately use the system, which ultimately would reduce the risk of 

friendly fire incidents. 

 

1.2 Combat Environment and Fratricide 

The physical environment of the battlefield, the high stakes of combat, and 

the high stress of engagement contribute to a situation that increases the 

likelihood of fratricide occurrences, that is, soldiers erroneously identifying, 

shooting, and killing friendly troops (Dzindolet et al., 2001). One of these 

stress factors can be attributed to time related pressures, where the longer 

the solider takes to make a decision, the more dangerous the situation 

becomes. When the environment becomes too stressful, it can cause soldiers 

to make premature decisions without the appropriate information and 
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accidentally triggering friendly fire. These stressors may also lead to soldiers 

underutilizing the technology. For example, some Gulf War soldiers have 

stated that they turned off their automated systems, choosing to rely on their 

own instincts for target identification (Dzindolet et al., 2001). 

 

Fratricide incidents have not only been a misfortune of warfare in the past, but 

they have continued to occur in recent years. In 2002, an American F-16 

fighter jet dropped a laser-guided 225-kilogram bomb near Kandahar, 

accidentally killing four Canadian soldiers and injuring eight others (“Friendly 

Fire,” 2005). In 2004, a ranger was accidentally killed after his army ranger 

comrades were ambushed in eastern Afghanistan. In the latter case, the 

government and military created a “deliberate and careful misrepresentation” 

of causalities, depicting it as a heroic battle with the enemy instead of a 

friendly fire incident (“U.S. Version,” 2007). These fratricide incidents are 

often “carefully misrepresented” in the media to avoid political disaster. In this 

particular case,  Army troops were ordered to conceal the cause of death 

from the dead soldier’s family (“U.S. Version,” 2007). Fratricide not only 

negatively impacts troops and their morale during battle, but many others 

around them are also greatly affected, especially the families of the 

deceased . These indefinable costs of accidental death must be avoided, and 

one of the first steps in achieving this is to recognize how soldiers make 

decisions while identifying targets, which could then help decrease the 

likelihood of fratricide.  

 3



1.3 Combat Identification System 

Network centric warfare combines sensors, communications, and 

computation systems with tactics, techniques and procedures (TTPs) to 

provide situational awareness to soldiers. An element of this awareness is the 

ability to identify friendly combat entities (Boyd et al., 2005, cited in Wang, 

2007).  

 

Figure 1-1: Working mechanisms of the individual combat identification 
system (adapted from K. Sherman, 2000, p. 137, as cited in Wang, 2007) 
 

An individual combat identification system is an interrogation/response 

system that enables positive identification through the process of query and 

response. The CID system allows an interrogating soldier to send a 

directional laser interrogation query to an unidentified soldier by pressing an 

activation button and aiming the weapon at the unidentified soldier. If the 

interrogated soldier is wearing an appropriate transponder, the transponder 

will decode and validate the interrogation message, and reply with a secure 

radio frequency (RF) signal. If the interrogator receives a correct RF reply, a 
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light-emitting diode (LED) on the weapon will illuminate to display a “blue 

light” feedback. Otherwise, no explicit feedback will be given to the 

interrogating solider (K. Sherman, 2000, cited in Wang, 2007; “SIMLAS,” 

2006, cited in Wang, 2007). 

 

When the response is not a “blue light” feedback, an “unknown” feedback, 

unlit LEDs, is displayed rather than an “enemy” feedback. This is because the 

individual who is being interrogated could be a civilian or neutral force who 

does not have the equipment to send a response. Also, friendly targets can 

be identified as “unknown” when they do not have the appropriate 

transponders to send a reply, or when the appropriate equipment has failed to 

return a signal to the interrogator. This can occur due to many battlefield 

obscurants which can pose detrimental technical and operational threats on 

the interrogation/response process. The system may become disrupted or 

ineffective if there is a high-technology adversary, in a dense electronic 

warfare environment, or on terrain that is blocking the line-of-sight of the radio 

waves (Boyd et al., 2005). 
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Chapter 2: BACKGROUND 

 
2.1 Signal Detection Theory 

Signal detection theory (SDT), as originally used by radar researchers 

(Wickens and Hollands, 2000) was a means to quantify a human operator’s 

performance at detecting a signal amidst the noise and conditions of 

ambiguous stimuli. It is applicable in any situation in which there are two 

discrete states of the world that cannot be easily discriminated. It therefore 

measures human decision making under uncertain conditions.  

 

In SDT, as applied to this study, the state of the world is the presence of an 

enemy or a friend (Canadian). These stimuli are responded to with two action 

categories, shoot (perceived enemy) or no shoot (perceived Canadian). The 

results of an operator’s actions can be mapped onto this 2x2 matrix as shown 

below in Figure 2-1. 

Stimulus (state of the world) 
Enemy Friend 

Shoot Hit False alarm 

R
es

po
ns

e 

No 
Shoot Miss Correct rejection 

Figure 2-1: Four outcomes of signal detection theory in application to 
combat identification (adapted from Wickens and Hollands, 2000, p18) 
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These four event outcomes are mapped graphically below in Figure 2-2. 

 

Figure 2-2: Hypothetical distributions underlying signal detection theory 

 

The two most prominent parameters of signal detection theory are sensitivity 

and response bias. Sensitivity, or d', refers to the difficulty with which a 

stimulus target can be detected, or the keenness or resolution of the detection 

mechanisms in an observer (Wickens and Hollands, 2000, p. 25). Sensitivity 

measures the separation between the means of the signal plus noise 

distribution P(X | signal + noise) and the noise distribution P(X | noise) in units 

of standard deviations. The greater the sensitivity, the less probable it is for 

an observer to commit errors since signal and noise are more clearly 

discriminated. The overlapping area under the curves represents the chances 

of an error. Therefore, a smaller overlap between the two curves indicates a 

lower chance of error. This is shown below in Figure 2-3. 
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Figure 2-3: Low (d’=1) and high sensitivity (d’=3)  

(adapted from Human Factors and Ergonomic Society, 2007) 
 

Response bias is the extent to which a human operator is more likely to give 

a particular response over another. It is characterized by the operator’s risky 

or conservative decision making strategy. As shown in Equation 2-1 below, 

response bias is dictated by two separate variables: expectancy of signal 

(probabilities) and the costs and benefits of a particular response to the signal 

(payoffs) (Wickens and Hollands, 2000, p. 22). Assuming the human operator 

is a fully informed, rational decision maker, the response bias should coincide 

with the theoretical β optimal (β opt), i.e. where response bias should be set. 

However, empirical β is a calculated measure derived from performance data, 

i.e. where response bias is set in reality.  

 

)()(
)()(

)|(
)|(

MCHV
FACCRV

noisesignalXP
noiseXP

opt +
+

×
+

=β  

Equation 2-1 
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The penalties for a false alarm or a miss, as well as the values of a correct 

rejection and a hit constitute the payoff structure and thus influence the 

response bias. As defined in Equation 2-1 above, C(FA) is the cost of 

committing a false alarm error and C(M) is the cost of committing a miss error. 

While V(H) is the value for correctly identifying an enemy target and V(CR) is 

the value of correctly identifying a Canadian target. If it were crucial to 

eliminate every enemy target, the soldier might perceive a high reward for hits 

and a high penalty for misses, leading to an increased denominator in 

Equation 2-1 and a lower beta value which is manifested in risky responses 

(Wickens and Hollands, 2000, p. 23). When this occurs, it leads to a higher 

probability of hits, but also a higher probability of false alarms. Conversely, if 

false alarms must be avoided at all cost, soldiers would perceive a high cost 

in false alarms and a high value in correct rejections, which would increase 

the value of the numerator in Equation 2-1, leading to a larger beta value and 

more conservative responses. The shifts in response bias are shown in 

Figure 2-4. 

Risky Conservative 

Figure 2-4: Change in response criterion  
(adapted from Human Factors and Ergonomic Society, 2007) 
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2.2 Effects of Varying Consequence Levels  

Since the equation for beta, or response bias, within signal detection theory 

accounts for the costs of errors and the values of appropriate actions, one 

can postulate that varying the level of consequence would affect a human 

operator’s performance. This phenomenon was studied and proven by Skitka 

et al. (1999), Dzindolet et al. (2001), and Ezer et al. (2005). 

 

The study by Skitka et al. (2000) examined the effects of subject 

accountability on automation bias and task error. The experiment introduced 

accountability to one group of participants by informing them that they would 

be asked to explain their performance strategies in a taped interviewed 

following the experiment, while a second group was told that only their 

questionnaire results would be analyzed. It was found that the accountability 

condition had a significant effect on improving participants’ performance and 

in minimizing their errors. 

 

Similarly, the studies performed by Dzindolet et al. (2001) and Ezer et al. 

(2005) exposed participants in their experiments to various levels of 

consequences by assigning different costs to decision errors. The costs 

subsequently affected the compensation granted to the participants. The 

researchers found that varying levels of consequence has an impact on a 

participant’s performance and trust in the automation. 
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In light of these results, previous studies by Dixon and Wickens (2006) and 

Wang (2007) both compensated participants at a fixed rate for their time, in 

addition to an incentive bonus for the top performer(s). This approach to 

compensation was found to be sufficient in emulating different levels of 

consequences associated with distinct scenarios. 

 

2.3 Accountability and Automation Bias 

Automation, which is often introduced in a task to reduce human error, can 

change the way in which humans fundamentally carry out their tasks. In 

addition, it creates a paradoxical effect of simply changing the type of errors 

operators are likely to make. This can in turn lead to more errors of 

“automation bias.” Specifically, users of automated aids tend to under-trust 

and under-utilize aids that are imperfectly reliable (i.e., less than 100% 

accurate) (Lacson et al., 2005). Research investigating how people use 

automated decision aids has led to the conclusion that the presence of 

automated decision aids can at a minimum lead to misuse or abuse of these 

aids (Parasuraman and Riley, 1997), and at worst, can lead to biased 

decision-making processes (Mosier et al.,1998; Skitka et al., 1999). However, 

holding participants accountable for their decisions before the decision 

process begins creates pressure for the decision maker. The participant 

becomes more self critical and employ more multi-dimensional and complex 

information processing strategies, and ultimately, puts more effort into 

identifying the appropriate response (Tetlock, 1985). Results indicated that 
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holding participants accountable for their overall performance or their decision 

accuracy led to lower rates of automation bias.  

 

Studies have also shown that while working in a team, the responsibility for 

the team’s outcome is diffused among all the group members. Similarly, a 

human-computer system can be viewed as a team and this partnership allows 

the human to feel less responsible for the outcome and thus put forth less 

effort (Dzindolet et al., 2001). It has been found that a portion of the 

accountability for the outcome has been delegated from the human onto the 

system. 

 

2.4 Effects of Attribute and Goal Framing 

Research on choice framing shows that if risky alternatives are framed in 

terms of possible gains, people tend to be risk adverse (more conservative), 

whereas if the same information is presented in terms of possible losses, 

people tend to be risk seeking (more risky) (Tversky and Kahneman, 1981). A 

positive frame describes a task goal as “making as many correct decisions as 

possible”, whereas a negative frame would read “avoiding as many incorrect 

decisions as possible.” A neutral frame would combine information in both 

positive and negative terms. Specifically, attribute framing effects occur when 

an object’s attribute is manipulated. For example, the framing of probabilistic 

information, such as the likelihood that an aid will be correct or make an error 

(Levin, Schnittjer, & Thee, 1988; Levin, Schneider, & Gaeth, 1998). Goal 
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framing effects can also occur when mentioning the positive or negative 

consequences of carrying out a behavior or strategy. For example, the cost of 

false alarms versus the benefits of a hit (Levin, Schneider, & Gaeth, 1988).  

 

Lacson’s study (2005) investigated the effects of sensitivity and response bias 

in specific frames (positive, negative and neutral). For participants in the 

positive frame group, the aid reliability was described as accuracy rates and 

the goal information was described as maximizing hits and correct rejections. 

Participants assigned to the negative frame group were given information on 

the reliability of the aid in terms of error rates and goal information as 

minimizing misses and false alarms. Results indicated that positive and 

negative frames led to similar sensitivity and response bias as the neutral 

frame. As a result, the study indicated that the manner in which information is 

presented has only subtle significance, and that sensitivity and response bias 

indicated few differences between the positive, negative and neutral frame 

groups.  

 

 13



Chapter 3: METHODOLOGY 

 
3.1 Objective and Hypothesis 

There are two objectives in this experiment. The first is to investigate changes 

in target identification performance and response bias across three different 

computer simulated battlefield conditions. The second is to investigate the 

changes in these measures across aided and unaided conditions. Four 

hypotheses are derived from the literature review presented in the previous 

chapters. 

Hypothesis 1:  As the cost of making an error increases, participants 

will correspondingly commit fewer errors.  

Hypothesis 2:  When given an aid, participants will commit fewer 

false alarm errors. 

Hypothesis 3:  In conditions where costs of making an error are high, 

participants will adjust their response bias to be more 

conservative. 

Hypothesis 4:  When given an aid, participants will diffuse their 

responsibility onto the aid, feel less responsible for 

the outcomes, and shift their response bias to be 

more risky.  
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3.2 Design of Experiment 

A 3 x 2 within-subjects design was used for the experiment. The points 

condition consisted of three levels: 2, 10 and 20 penalty points for every miss 

or false alarm. The aid condition had two levels: aided and unaided.  

 

There were 100 trials for each of the 6 aid condition-points combinations, or 

blocks. The below table summarizes the experiment design: 

Table 3-1: Design of experiment 
 2 points 10 points 20 points 

Aided n = 100 n = 100 n = 100 
Unaided n = 100 n = 100 n = 100 

 

Each block presented equal numbers of enemy targets (50) and Canadian 

targets (50). The order of their appearance was randomized in every block. In 

blocks where a CID aid was available, either no light was presented, which 

indicated an “unknown” target, or a “blue light” was presented, which 

indicated a Canadian target. Aid reliability is defined as the percentage of 

trials in which a CID feedback of “unknown” correctly identified an enemy 

target. That is to say, in every aided block, 80% of the “unknown” feedback 

correctly identified an enemy target. On the other hand, 100% of the “blue 

light” feedback correctly identified a Canadian target. In the blocks where a 

CID aid was not available, the CID was turned off, and no feedback was given 

to the participant. 
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The experiment consisted of 6 blocks, each comprising of 100 trials. In each 

trial, only one target appeared on screen for 11 seconds. These blocks were 

presented in a random order to the participants.  

 

Similar experiments in the past have made use of confidence level surveys to 

confirm the applicability of SDT on CID research. However, since Wang’s 

study (2007) has already confirmed the equal spread of both signal and noise 

distributions, and thus the applicability of SDT on CID research, confidence 

level surveys were not administered as part of this experiment. 

 

3.3 Participants 

Participants with normal visual acuity, as determined by the Snellen eye chart, 

were recruited from the University of Toronto student population. Based on  

similar experiment designs in the past, 19 participants were recruited. 

Complete data was collected from all 19 participants; however, only 14 

participants’ data were used for the SDT analysis due to the model’s 

constraints. The vision and demographic data of the participants can be found 

in Appendix E. 

 

Participants were compensated at a fixed rate of $10 CAD/hour. The 

experiment took three hours to complete, which included time for 

administrative tasks, training and experimentation. Thus, each participant 

received $30 CAD for his/her participation. In addition, an incentive rate was 
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given according to the participant’s performance. The top three performers 

who had the greatest accuracy in engagement decisions were awarded an 

incentive of $15, $10 and $5 CAD respectively. Similar incentive-based 

compensation schemes were used in prior studies (Dzindolet et al., 2001; 

Wang, 2007) and were found to have adequately motivated participants.  

 

3.4 Equipment and Facility 

IMMERSIVE (Instrumented Military Modeling Engine for Research using 

Simulation and Virtual Environments), developed by Defense Research and 

Development Canada, was used as the research platform for this experiment. 

It utilizes the modules of a commercial first-person shooter game – Unreal 

Tournament 2004. In IMMERSIVE, experimenters can create unique 

scenarios by modifying uniforms, weapons, actions, and feedback from the 

CID system to distinguish friendly from hostile forces 

(http://www.mie.utoronto.ca/labs/cel/research/platform/immersive.htm). 

 

The research was conducted in the Cognitive Engineering Laboratory at the 

University of Toronto. A Dell OptiPlex GX270 desktop computer was used for 

the simulation and the technical specifications of the computer are: 

• Intel Pentium 4 800Mhz FSB processor 
• 80GB 7200ROM Parallel ATA 
• NVIDIA GeForce 6800 Graphics Card 
• SoundMAX Integrated Digital Audio 
• FPS 1500 speakers 
• 20 inch UltraSharp 2000FP flat panel monitor 
• High Color (32bit) resolution, 800 x 600 pixels. 
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3.5 Tasks and Procedures 

The entire experiment spanned three hours, and was comprised of 

administrative tasks, training blocks, and experiment blocks. 

 

3.5.1 Administrative Tasks 

Prior to starting the experiment, participants were tested for normal vision by 

checking visual acuity, normal colour vision, and ocular dominance. Visual 

acuity was tested using the Snellen eye test. Qualified participants, whose 

vision was better than 10/12.5 with normal colour vision, were then asked to 

complete an informed consent form (see Appendix A) and a participant 

information survey (see Appendix B). Next, general instructions introducing 

the experiment, the CID aid and the targets were presented to the participants 

(see Appendix C). To control for differences among experimenters, all 

instructions were presented through printed text. After reading the general 

instructions, participants completed a short assessment to confirm their 

absolute comprehension of the instructions (see Appendix D). 

 

3.5.2 Training Blocks 

Participants were then guided through three training blocks by the 

experimenters. During the training blocks, participants were asked to read 

Instruction 4 (see Appendix C). 
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The first training block consisted of four trials where participants were not 

required to shoot at any targets. This block was intended to familiarize 

participants with the interface and the simulated battlefield environment. 

 

The second training block emulated the unaided condition. Participants were 

given 20 trials where they were asked to shoot at enemy targets and hold fire 

on Canadian targets. To improve decision accuracy, experimenters were 

present to give immediate feedback to participants after each trial regarding 

the correctness of target identification. 

 

The final training block emulated the aided condition in which the aid reliability 

was 80%. Participants were reminded of the aid reliability before undergoing 

the 20 trials of this training block. Again, experimenters gave immediate 

feedback to participants regarding the correctness of target identification. 

 

3.5.3 Experiment Blocks 

After completing the training blocks, participants performed six experiment 

blocks (each of the aid condition-points combinations), wherein each block 

consisted of 100 trials. Prior to each block, an instruction slip was presented 

to the participants reminding them of the aid condition, its reliability (if 

applicable) as well as the number of points to be deducted in the event of a 

false alarm or miss (see Appendix C). Participants were asked to verbally 

confirm the proportion of Canadian soldiers and potential penalties prior to 
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beginning the block (see Appendix C). During the experiment block, 

participants were asked to shoot as quickly as possible at perceived enemy 

targets and hold fire on perceived Canadians targets.  

 

3.6 Measures 

 
3.6.1 Target Identification Performance 

Four objective measures were captured from the participant’s performance 

data to examine the target identification performance. 

• Hit (H) rate: proportion of trials where a participant decided to shoot at 

a target and the target was an enemy. 

• Miss (M) rate: proportion of trials where a participant decided not to 

shoot at a target when the target was actually an enemy. 

• Correct Rejection (CR) rate: proportion of trials where a participant 

decided not to shoot at a target when the target was a Canadian 

soldier. 

• False Alarm (FA) rate: proportion of trials where a participant decided 

to shoot at a target when the target was actually a Canadian soldier. 

 

3.6.2 Participant Scores 

For each of the six experiment blocks, participants were informed that they 

would lose points if they failed to shoot an enemy (i.e. miss) or shot a 

Canadian soldier (i.e. false alarm). In each block, C(M) and C(FA) were 

identical and the participants either lost 2, 10 or 20 points for these errors. 
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The three performers who had the least number of points deducted were 

awarded the bonus incentive. The participants’ scores are listed in  

Appendix F. 

 

3.6.3 Signal Detection Theory Statistics 

Response bias was used as a measure to reflect the participant’s risky or 

conservative decision making strategy. It can be calculated using empirical 

data and was compared to βopt (βopt is where beta should be set). βopt. can be 

calculated using deterministic probabilities and payoffs.  

 

The probabilities of signal and noise were held constant at P(Enemy)=0.5 and 

P(Canadian)=0.5, which yielded a βopt of 1 as shown in Equation 3-1.  

)(
)(

EnemyP
CanadianP

opt =β  

Equation 3-1 
 

Different payoffs, particularly the costs of errors, were assigned for each 

experiment block, where C(FA) and C(M) could be either 2, 10 or 20 points 

and V(H) and V(CR) was not differentiated. When these costs and benefits 

are included into Equation 3-1, the equation will be expanded to Equation 3-2.  

 

)()(
)()(

)(
)(

MCHV
FACCRV

EnemyP
CanadianP

opt +
+

×=β  

Equation 3-2 
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Since the cost of a false alarm and a miss are identical for each block, and 

there was no assigned value for making a correct decision, the payoff 

structure of the ßopt equation was set to 1. Combining both the probability and 

payoff portions of the equation allows ßopt = 1 in each experiment block. 

 

The statistics of participants’ empirical response bias were defined by the 

following formulae: 

d’ = Zhit – ZFA

C = -1/2(Zhit – ZFA) 

ß = exp(d’ x C) 

The calculated response bias, ß, was used as a measure to gauge the 

participants’ conservative or risky behaviour in engagement decision making. 
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Chapter 4: DATA ANALYSIS 

This section presents an overview of the experiment results as they pertain to 

target identification performance and response bias. The two-way ANOVA 

was the primary analytical technique. Conclusions were drawn when effects 

reached the significance level of 0.05, thus α=0.05. 

 

4.1 Target Identification Performance 

The Anderson-Darling test revealed that the assumption of normality was 

violated for P(M) and P(FA) data, so an arcsine transformation was applied to 

all the probability data to increase their normality as shown in Equation 4-1.  

 

Transformed Probability Data = 2*arcsine [Probability Data]1/2
 

Equation 4-1 (adopted from Dzindolet et al., 2001, as cited in Wang, 2007) 

 

4.1.1 Miss 

The 3 (points condition: 2, 10, 20) x 2 (aid condition: aided, unaided) ANOVA 

test on the transformed P(M) data showed a significant effect (F=5.08, 

p=0.026) of aid condition on the probability of participants missing an enemy 

target.  

 

The same test revealed no significant effect (F=0.43, p=0.652) of points on 

P(M). Similarly, the aid condition x points interaction was found to be non-

significant (F=0.01, p=0.994). See Appendix H for ANOVA results. 
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As seen in Figure 4-1 below, participants made fewer miss errors when the 

aid was available than when it was not, regardless of points. 
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Figure 4-1: Effect of aid condition and points on transformed P(M) 

 

4.1.2 False Alarm  

The 3 x 2 ANOVA test on the transformed P(FA) data revealed a highly 

significant effect (F=32.28, p<0.01) of aid condition on the probability of 

participants committing false alarm errors. It was shown that participants 

made significantly fewer false alarm errors when aided. 
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The same ANOVA test showed that both points and aid condition x points 

interaction had non-significant effects on P(FA), exhibiting F=0.2, p=0.816 

and F=0.51, p=0.6 respectively. See Appendix I for ANOVA results. 

 

Shown in Figure 4-2 below, when compared with unaided blocks, participants 

always made much fewer false alarm errors in aided blocks, regardless of 

points. 
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Figure 4-2: Effect of aid condition and points on transformed P(FA) 

 

4.1.3 Target Identification Errors 

The 3 (points condition: 2, 10, 20) x 2 (aid condition: aided, unaided) x 2 

(error type: false alarm, miss) ANOVA on the transformed P(error) data 
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showed a significant main effect of error type (F=4.72, p=0.031). The test also 

found a significant effect of the error type x aid condition interaction (F=7.20, 

p<0.01). See Appendix J for ANOVA results. 

 

As seen in Figure 4-3 below, participants always made fewer errors when the 

aid was available. In addition, the aid’s error reduction effect was much more 

pronounced for false alarms than for misses. As seen in Figure 4-3 below, the 

gap between false alarms in aided and unaided blocks was much larger than 

the gap between misses in aided and unaided blocks. This demonstrates that 

false alarms are more easily minimized with the use of an aid. 
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Figure 4-3: Error type x aid condition interaction on transformed P(error)  
 

The ANOVA test revealed no further significant interaction effects, p>0.05 in 

all other cases. Nonetheless, as observed in Figure 4-4 below, participants 

 26



made slightly fewer miss errors than false alarm errors in all cases. Although 

its effect was insignificant, the effect of points was marginally observable in 

Figure 4-4. When compared to a penalty of 2 or 10 points, a lower probability 

of error was shown when the penalty was 20 points. 
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Figure 4-4: Error type x points interaction on transformed P(error)  
 

4.2 SDT Measure on Response Bias 

 
Five participants were able to 100% correctly make a hit and correct rejection 

in all but one of the blocks. Since 100% rates cannot be applied to SDT 

measure for response bias, the data from these five participants was not 

included in the following SDT analysis. These 100% rates were examined for 

any systematic errors that may have been introduced in the experiment 
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procedure, inherent within the blocks, or in the order of data collection. No 

systematic errors were discovered, so these outliers were excluded.  

 

The two-way ANOVA was the primary analytical technique. Conclusions were 

drawn when effects reached the significance level of 0.05, α=0.05. When the 

Anderson-Darling test revealed that the assumption of normality was violated 

for response bias ß, a natural log transformation was applied to increase the 

normality of the response bias distribution. After the natural log transformation 

was applied, the distribution increased in normality from AD=5.29, p<0.005 to 

AD=0.507, p=0.196. A residuals versus fit plot was also performed, and the 

residuals appeared to be randomly scattered about zero. Thus, there was no 

evidence of non-constant variance or outliers. 

 

The 3 (points condition: 2, 10, 20) x 2 (aid condition: aid, unaided) ANOVA on 

transformed response bias data revealed no significant effects of aid 

condition (F=1.77, p=0.187). Similarly, the results revealed no significant 

effects of the points condition (F=0, p=0.996). For the aid condition x points 

interaction, it also did not show significant effects (F=0.52, p=0.594). 

Therefore, response bias did not vary with the aid condition, points condition, 

or the interaction of the two. The ANOVA statistics can be found in  

Appendix G. 
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After the natural log transformation was applied to the response bias, one 

sample t-tests were conducted to examine the difference between ln(ß) 

values and the optimal values. The results are summarized in Table 4-1.  

Table 4-1: T-test comparing participants’ response bias with optimal 
value 

Aid 
Condition 

Points 
Condition ln(optimal beta) t-value p-value (2 tailed) 

Aided 2 ln(1) = 0 -0.78 0.449 
Unaided 2 ln(1) = 0 -1.18 0.258 

Aided 10 ln(1) = 0 0.07 0.945 
Unaided 10 ln(1) = 0 -2.48 0.027 

Aided 20 ln(1) = 0 -0.18 0.859 
Unaided 20 ln(1) = 0 -2.33 0.036 

 

With the exception of the 10 and 20 points blocks within the unaided condition, 

results indicated that the response bias for all other conditions was not 

significantly different from the optimal value. This result showed that under 

most conditions, the participants’ response biases were around the optimal 

value. In the unaided condition with 10 and 20 points, results indicated that 

the response biases for these two conditions were significantly different from 

the optimal value, with t=-2.48, p=0.027, and t=-2.33 and p=0.036 

respectively. This was also illustrated in Figure 4-5, where the mean beta of 

the unaided condition with 10 and 20 points deviated significantly from the 

optimal value. The figure also shows that the spread of the data for the aided 

conditions were much wider than the unaided condition.  
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Figure 4-5: Boxplot of ln(beta) 

 

The analysis also revealed that the mean beta in the aided condition, which 

was -0.077, was slightly closer to the optimal value of ln(1) = 0, than the mean 

beta in the unaided condition, which was -0.303. Because the mean of the 

aided condition was higher than the unaided condition, the participants were 

slightly more conservative under aided conditions than unaided conditions. 

However, notice that both values are less than the optimal value ln(1). Thus, 

in both aid conditions, the participants were slightly more risky than what they 

should have been. For the points condition, the mean beta values for each of 

the conditions were very similar, they were -0.190, -0.199, and -0.181 for the 

2, 10 and 20 points conditions respectively. Again, since all the values were 
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less than the optimal ln(1)=0, the participants were slightly more risky than 

theoretical optimal beta. 
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Chapter 5: DISCUSSION 

 
5.1 Target Identification Performance 

In this experiment, it was shown that providing participants with an aid 

contributed to significant reductions in the number of false alarm and miss 

errors. This error reduction effect was much more noticeable in the false 

alarm error type because participants were cognizant of the 100% accuracy 

of the “blue light” feedback which always correctly identified Canadian targets. 

Very few participants fired at a target after receiving the “blue light” feedback. 

This accounts for the highly significant effect of the aid in reducing false alarm 

errors.  

 

Although the effect of points on both false alarm and miss errors was found to 

be non-significant, it is of interest to note that the spread between the false 

alarm probabilities in aided blocks and unaided blocks actually widened as 

penalty points increased. This suggests that despite the insignificant main 

effect of points, participants did become slightly more vigilant and relied more 

heavily on the aid as the cost of errors increased. 

 

These findings are, therefore, consistent with hypotheses 1 and 2. 

Participants made fewer miss errors in both aided and unaided blocks as 

penalty points increased. Similarly, participants committed fewer false alarm 

errors as penalty points increased in the aided blocks. In addition, the aid 

 32



exhibited an error reduction effect not only in false alarm errors, but also in 

miss errors. 

 

Where Wang’s study (2007) showed a significant reduction in the number of 

friendly fire errors when a combat identification aid was available, previous 

studies found no improvements on identification accuracy by imperfect 

combat identification systems (Dzindolet et al., 2001, as cited in Wang, 2007; 

Karsh et al., 1995, as cited in Wang, 2007). Comparable to Wang’s study 

(2007), the combat identification aid in this experiment was found to have 

significantly contributed to a reduction in the number of both false alarm 

errors and miss errors committed by participants.  

 

In addition, contrary to studies by Skitka et al. (1999), Dzindolet et al. (2003), 

and Ezer et al. (2005), the results from this experiment did not reveal any 

significant effects of consequence levels on the participants’ target 

identification performance. 

 

Several noteworthy verbal anecdotes were captured from participants during 

this experiment. One participant noted that the aid was used merely as a 

means of confirmation after he has visually performed the target identification 

task unaided. He felt that using the aid as a primary source of information 

would delay the engagement decision. This behaviour may have contributed 

to disuse of the aid during the aided blocks. Another participant discovered 
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that the simulation display behaved like a rounded scope, when the mouse 

cursor was moved to the extreme top or bottom positions, images on the 

screen would enlarge. This potentially created a target identification task that 

is much easier than intended. If this anomaly occurred during the experiment 

blocks, error probabilities may have been artificially depressed due to a user-

induced lower difficulty level in the target identification task. Care should be 

taken to rectify this anomaly prior to future studies with this simulator. 

 

5.2 SDT Measure on Response Bias 

Results for the points condition showed no significant effect on response bias, 

and in fact, the mean beta values across the points conditions were very 

similar. Since the probability and payoff structure were kept constant in the 

response bias formula, it can be safely assumed that any changes in the 

participants’ response bias are caused by changes in their perceived payoff 

structure. In essence, the optimal response bias for all conditions should have 

been ln(1)=0. The results did not support the initial hypothesis which stated 

that as costs of errors increase, participants will change their response bias to 

be more conservative. In fact, the participants did not change their response 

bias to be more conservative, but correctly kept their response bias close to 

the optimal value as they should despite the increase of cost of errors.  

 

One of the challenges for the points condition was establishing costs that 

differed enough so that the participants would be able to perceive, and act on, 
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the differences for each condition. The design of the experiment could have 

been improved by setting the costs to be more spread out, test whether a 

larger spread of cost of errors would influence the participant’s perceived 

payoff, then examine the change in the participant’s response bias to detect 

any shifts away from the optimal beta towards inappropriately risky or 

conservative decision making behaviour.  

 

Results for aid condition showed no significant effect on response bias. The 

mean for the aided condition did show that it was slightly closer to the optimal 

value than the unaided condition. This illustrated that participants’ decision 

making was more appropriate when an aid was available than when no aid 

was provided. Also, the results showed that the mean response bias for the 

aided condition was slightly higher than the unaided condition, illustrating that 

participants were slightly more conservative when given an aid. Again, this 

did not support the initial hypothesis which stated that with an aid, participants 

would tend to be more risky as they would delegate some of their 

responsibility onto the aid. The participants did not seem to shift their 

responsibility onto the aid from the results of this study. 

 

When one sample t-tests were conducted to test the difference between the 

ln(ß) and the optimal values, only the unaided condition in 10 and 20 points 

showed a significant difference between the participants’ response bias and 

optimal value. The mean response biases for these two higher cost conditions 
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were less than the optimal value, showing that participants were more risky 

when no aid was available. Again, this did not support the initial hypothesis, 

which stated that participants would shift their response bias to be more risky 

when given an aid, since they would feel less responsible for the outcome. In 

fact, results showed that participants were more risky during higher costs of 

error when given no aid. Further investigations confirmed these results; 

studies have indicated that when given an imperfectly reliable aid, participants 

would tend to under-trust and under-utilize the aid (Lacson et al., 2005), and 

accordingly, shift their response bias to become more conservative. 

 

In this study, the attribute and goal were presented in a negative frame. As 

such, the instruction scripts stated that the reliability of the aid was 20% 

incorrect and the costs of errors were 2, 10 or 20 points. This negative frame 

should not have had an effect on response bias. As indicated in the study by 

Lacson (2005), results showed that positive and negative frames led to similar 

sensitivity and response bias effects as the neutral frame.  
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Chapter 6: CONCLUSION 

 
6.1 Summary of Research Findings 

The two manipulated factors in this experiment were aid condition and penalty 

points. Through measuring target identification performance and response 

bias, the effects of an automated combat identification system on the human 

operator’s decision making were examined.  

 

Target identification performance data, measured through the probabilities of 

false alarm and miss errors, revealed a significant error reduction effect of the 

combat identification aid. Further, this error reduction effect was more 

pronounced in false alarm errors than in miss errors. The factor of penalty 

points, however, was not shown to have a significant effect on performance. 

Nonetheless, slight improvements in performance were generally observed as 

penalty points increased. 

 

The second measure was ß, the signal detection theory parameter for 

response bias. Aid condition was not found to have a significant effect on 

response bias, although ß levels associated with the aided condition were 

closer to the optimal value than the ß levels of the unaided condition. The 

only significant deviations away from optimal ß were found in the unaided 

blocks of 10 and 20 penalty points. ß levels in those blocks suggest that, 

contrary to the original hypothesis, participants’ decision making behaviour 
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was more risk-seeking when given no combat identification aid. The points 

condition was not found to have any significance on response bias at all. 

 

6.2 Research Limitations and Recommendations for Future Work 

A recommendation for future work is to change the payoffs such that the 

costs of making an error and the value of making a correct decision are both 

introduced in the experiment. Still keeping the payoff portion of the formula 

constant, studies could be conducted to see whether changing both costs and 

values in the payoff structure will change a soldier’s decision making. While 

this study focused on changes in payoffs of different decision outcomes within 

response bias, and Wang’s research (2007) focused on changes in the target 

probability, another recommendation for future work is to combine and modify 

both target probabilities and payoffs. Future study on this could be performed 

to learn the effects of changes on not only response bias, but other measures 

such as sensitivity, within the signal detection theory.  

 

Although measures were taken into consideration to simulate a study so that 

conclusions could be drawn and applied to real life situations, there were 

several limitations of this study.  

 

First, it was originally suggested that the experiment blocks could be defined 

using various Rules of Engagement so that it would better represent a real life 

battlefield scenario. However, it was felt that blocks defined in this manner 
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would not be as meaningful to the student participants since they will likely 

lack the context and years of expert training undergone by infantry soldiers. In 

contrast, it was felt that points systems and incentive payment schemes are 

intrinsically more meaningful to student participants. For that reason, the 

experiment blocks were designed using a points system and incentive 

payments.  

 

Second, it is understood that this study, to a large extent simplifies the 

combat identification task. While soldiers are expected to carry out combat 

identification under conditions of hostility, ambiguity, physical fatigue and high 

workload, participants of this study only carried out the combat identification 

task in a controlled environment where targets did not shoot at the 

participants, and extra workload was not imposed. Moreover, only Canadians 

and enemy forces appeared in the simulation under a controlled time interval, 

and no neutral forces or civilians emerged in the battlefield. Whereas in a 

real-life situation, targets of all kinds could appear at any time. It is duly 

acknowledged that the research laboratory environment in which participants 

carried out the experiment was much less complex than the battlefield 

environment in which infantry soldiers are required to carry out their decision 

making.  

 

Third, the intended users of combat identification systems are not students. 

Although student participants may not have similar decisions making skills as 
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trained infantry soldiers, the decision to use student participants was based 

on several factors. First, prior studies of combat identification systems have 

used students as participants (Dzindolet et al., 2001; Wang, 2007) and using 

student participants in this study has ensured the applicability of findings from 

existing literature to this study. Second, compared to infantry soldiers, 

students are easier to recruit and schedule for experimentation. Third, 

recruited student participants were required to pass a visual acuity test, which 

is also a requirement for infantry soldier recruits. 

 

6.3 Research Implications 

The results of this study showed that the availability of a combat identification 

aid acted in favour of the soldiers by helping to reduce the probabilities of 

error. Further, the presence of an aid generally did not alter the decision 

maker’s response bias towards inappropriate risk seeking or risk adverse 

behaviours, they remained in close proximity to the optimal value regardless 

of the aid condition. One important application of this research is in confirming 

the effectiveness of combat identification systems. Validating to military 

personnel the aids’ positive impacts on soldiers’ target identification 

performance will help alleviate possible disuse of the available systems. 

 

This research also revealed no significant effect of penalty points, or utility, on 

the decision maker’s performance and response bias. As such, future briefing 

protocol and training can be designed with little focus on situational utility, 
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since it has minimal bearing on a soldier’s target identification performance 

and response bias. Alternatively, future training should place a high emphasis 

on supporting the interaction between the soldier and his/her combat 

identification aid. Effective management of this human-computer interaction 

will ultimately enhance a soldier’s target identification performance and save 

lives by facilitating more accurate combat identification decisions. 
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APPENDICES 

Appendix A: Informed Consent Form 

 
 
 
 

INFORMED CONSENT FORM 
  

Examining Human Decision Making in Automated Combat Identification 
Systems using Signal Detection Theory 

  
Investigators: Bonnie Chan, Meji Lee, Patrick Mok 

Faculty Supervisor: Professor Greg A. Jamieson 
Department of Mechanical and Industrial Engineering 

University of Toronto 
 
The purpose of this study is to discover the necessary information that can facilitate 
soldiers’ use of an automated Combat Identification (combat ID) system. The results 
of this study will guide training and protocol design for the combat ID system, which 
will help soldiers to better utilize the combat ID system, thereby reducing friendly fire 
incidents. You are invited to participate in this study because you are a student with 
normal or corrected-to-normal vision at the University of Toronto (U of T). The 
experiment will be conducted in the Cognitive Engineering Laboratory at U of T and 
there will be altogether 20 participants involved.  
  
During the experiment, you will be seated in front of a computer workstation to 
interact with a combat ID virtual simulation and you will be asked to shoot hostile 
targets in simulated combat scene. The whole experiment will last approximately 3 
hours, which includes the following sections:  
1. Instruction (10 min): the investigator will give you instruction on how to complete 
tasks in the combat ID simulation.  
2. Training (20 min): you will practice in training scenarios.  
3. Formal Experiment (150 min): you will complete tasks in 6 mission blocks. 
 
The risk is minimal in this study and is comparable to playing a video computer 
simulated shooter game. You will receive a cash compensation of 30 CAD. In 
addition, you will have the potential to earn a bonus 15, 10 or 5 CAD if you are the 
top 3 performers among all the participants. The cash compensation will be paid to 
you right after the experiment. After we collect data from all the participants, you will 
be contacted and receive bonus if you are the top 3 performers. 
  
Your privacy and identity will be carefully protected in this study. A Master List with 
your identity information will be kept in order to find and reward the participant with 
the best performance in the experiment. The Master List will be stored securely in a 
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locked filing cabinet. Only the experimenters of this study and the financial officer in 
the MIE Department at U of T will have access to it. Once the experiment has been 
completed, the unidentifiable raw data of each participant will be assigned a “non-
descriptive alias” and the Master List will be destroyed. In any publication, 
information will be provided in such a way that you cannot be identified.  
 
Your participation in this study is completely voluntary. You may refuse to 
participate without any negative consequences. In addition, you may withdraw from 
the study at any time without any penalty, and request your data be destroyed. In that 
case your remuneration will be calculated based on the actual time you would have 
spent in the study, at a rate of 10 CAD per hour. 
 
 
You will be given a copy of this form to keep. 
 
PARTICIPANT CERTIFICATION: 
 
I have read this Informed Consent Form. I have had the opportunity to ask any 

questions that I had regarding the study, and I have received answers to those 

questions. By my signature I affirm that I agree to take part in this study as a research 

participant and that I have received a copy of this Informed Consent Form. 

 
 

 
 

 
.…………………………………… 
Signature of Research Participant  
 
 
 
.…………………………………… 
(Please PRINT name) 

 
…………………………………… 
Signature of Investigator 
 
 
 
.…………………………………… 
 (Please PRINT name) 

 
 
 
.…………………………………… 
Date

 48



Appendix B: Participant Information Survey 

 
Vision: 
 Right: ________ 
 Left: ________ 
 Dominant eye: ________ 

Colour blindness: ________ 
 

Age: ________ 
 
Sex: ________ 
 
Field of study: ________________________________ 
 
 
How often do you play first-person shooter games? 
 
A. Never B. Rarely C. Sometimes  D. Regularly 
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Appendix C: Instruction Scripts 

 
Instruction 1: Experiment Procedure  
 
You will complete 6 mission blocks in this experiment, each consisting of 100 trials. 
In each trial, an unknown soldier, which we call the “target”, will appear in the 
simulated combat scene. These targets can be either hostile terrorists or friendly 
Canadian soldiers. Your task is to shoot terrorists as soon as possible, while holding 
fire on Canadian soldiers.  
 
There are two types of error that can be made. One of which is a “friendly fire” or 
shooting a Canadian solider. The other is a “miss”; this is when you do not shoot a 
terrorist. The cost of these errors will be presented to you prior to each mission block. 
 
Your final score will be based on the accuracy of your response. The score will also 
determine the bonus portion of your payment.  
 
For all 6 mission blocks, the targets will be half terrorists and half Canadian soldiers. 
In 3 of the 6 mission blocks, you will have a combat identification (combat ID) aid to 
assist you. The order of the trials has been randomized.  
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Instruction 2: Combat Identification System 
 
The combat ID aid in this experiment simulates a real-world combat ID system. In 
this experiment, you will automatically receive feedback when you point your 
weapon at a target: a blue light indicates a Canadian soldier and no light indicates an 
unknown (either a terrorist or a Canadian) target. 
 
 
 
 
 
 
 
 
 
 
 
 

Blue light indicates a Canadian soldier  No light indicates an unknown target 
 

 
Although this aid is usually reliable, it is not 100% reliable all the time. This is 
because of the occasional failures in communications between an interrogator and a 
transponder in a chaotic battlefield. It is possible that when no light is shown, the 
target is actually friendly. During the interrogation, if the aid displays no light, the 
possibility of it being incorrect is 20%. In contrast, blue lights will always correctly 
identify Canadian soldiers: the blue light will never appear when the target is a 
terrorist.  
  
To confirm your understanding of these instructions, please answer the questions on 
the sheet of “Assessment of Instruction Comprehension”.  
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Instruction 3: Appearance of Canadian Soldiers and Terrorists 
 
The different appearance of terrorists and Canadian soldiers are illustrated in the 
graphics below. Note that they have different helmets, masks, weapons, etc. Please 
take your time to inspect the images and when you are ready we can move on to the 
training session. 
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Instruction 4: Training Part 1 
 
The purpose of this training session is to develop your skill in identifying the targets 
and familiarize you with the simulation.  
 
In the first 4 trials, the combat ID aid will be turned on. If you point your weapon at 
the targets, the light will either illuminate to indicate the presence of a Canadian 
soldier, or remain unlit to indicate that the identity of the target is unknown. In these 4 
trials, the response from the combat ID aid will be always correct.  
 
The goal of the first 4 trials is to inform you of the targets’ distinctive appearances. 
To emphasize the differences between the appearances of Canadian and terrorist 
soldiers, targets will follow a path sometimes very close to you, which will never 
happen in the mission blocks. Please do not shoot in these 4 trials, just carefully 
examine the differences in the appearance of each type of target.  
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Instruction 4: Training Part II 
 
Now there will be 40 practice trials that are similar to the trials in the mission blocks.  
 
In the first 20 of these trials, the combat ID aid will be turned off. Therefore, you 
have to identify the target by yourself. Your task is to shoot terrorists as soon as you 
can, while holding fire on Canadian soldiers.  
 
After each target appears, please state verbally whether the target was a Canadian 
soldier or a terrorist. The targets are hard to distinguish. Do not feel frustrated if you 
do not answer correctly. The experimenter will help you to improve your 
performance. 
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Instruction 4: Training Part III 
 
In these 20 trials, the combat ID aid will be turned on. A blue light indicates the 
presence of a Canadian soldier and no light indicates an unknown target. Contrary to 
the first four training trials, the combat ID aid is no longer 100% correct. In other 
words, it is possible that the aid displays no light when the target is actually a 
Canadian soldier. If the aid displays no light, the possibility of it being incorrect is 
20%. On the other hand, the blue light will be 100% correct - the blue light will 
never appear when the target is a terrorist. Again, your task is to shoot terrorists as 
soon as you can, while holding fire on Canadian soldiers. 
 
After each target appears, please state verbally whether the target was a Canadian 
soldier or a terrorist. The targets are hard to distinguish. Do not feel frustrated if you 
do not answer correctly. The experimenter will help you to improve your 
performance. 
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Instruction 5: Before each Mission Block 
 
General Instructions:  
Before each mission block, you will be told whether an aid is available or not. 
However, due to possible communication failures, the aid is only 80% reliable when 
it is available. 
 
You will lose points for shooting at a Canadian soldier (i.e. friendly fire) and for 
failing to shoot a terrorist (i.e. miss). These points will vary for each mission block, 
and you will be told of their cost prior to starting each block. 
 
 
Please orally answer the following questions: 
In this block, ___% of all targets will be Canadian soldiers. 
I will lose ___ points if I fail to shoot a terrorist. 
I will lose ___ points if I shoot at a Canadian soldier. 
 
 
Aid 
Condition 

Points 
Condition 

Instruction 

Aid 20 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is available 
so it will be turned on. 
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
Since the aid is only 80% reliable, there is a 20% of the 
targets identified as unknown (no light) are actually 
Canadian soldiers. The blue light will be correct 100% 
of the time. 
 
In this mission, you will lose 20 points for failing to shoot a 
terrorist, and lose 20 points for shooting at a Canadian 
soldier. 
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Aid 
Condition 

Points 
Condition 

Instruction 

Aid 10 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is available 
so it will be turned on. 
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
Since the aid is only 80% reliable, there is a 20% of the 
targets identified as unknown (no light) are actually 
Canadian soldiers. The blue light will be correct 100% 
of the time. 
 
In this mission, you will lose 10 points for failing to shoot a 
terrorist, and lose 10 points for shooting at a Canadian 
soldier. 

 
 
Aid 
Condition 

Points 
Condition 

Instruction 

Aid 2 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is available 
so it will be turned on.  
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
Since the aid is only 80% reliable, there is a 20% of the 
targets identified as unknown (no light) are actually 
Canadian soldiers. The blue light will be correct 100% 
of the time. 
 
In this mission, you will lose 2 points for failing to shoot a 
terrorist, and lose 2 points for shooting at a Canadian 
soldier. 
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Aid 
Condition 

Points 
Condition 

Instruction 

No-
Aid 

20 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is not 
available so it will be turned off, and you will not get any 
feedback from it.  
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
In this mission, you will lose 20 points for failing to shoot a 
terrorist, and lose 20 points for shooting at a Canadian 
soldier. 

 
 
Aid 
Condition 

Points 
Condition 

Instruction 

No-
Aid 

10 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is not 
available so it will be turned off, and you will not get any 
feedback from it. 
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
In this mission, you will lose 10 points for failing to shoot a 
terrorist, and lose 10 points for shooting at a Canadian 
soldier. 

 
 
Aid 
Condition 

Points 
Condition 

Instruction 

No-
Aid 

2 Now you will start a mission block which will last about 20 
minutes. In this mission block, the Combat ID is not 
available so it will be turned off, and you will not get any 
feedback from it. 
 
The targets will be half terrorists and half Canadian 
soldiers.  
 
In this mission, you will lose 2 points for failing to shoot a 
terrorist, and lose 2 points for shooting at a Canadian 
soldier. 
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Appendix D: Assessment of Instruction Comprehension 

 
1. Please fill in the blank: 
 
In each block, ______ % of the targets will be Canadian soldiers. 
 
When a target is a terrorist, the light on the combat ID aid should be _________. 
 
When a target is a Canadian soldier, the light on the combat ID aid should be 
_________. 
 
_____% of the “no light” responses will be false/incorrect (i.e. the targets are actually 
Canadian soldiers). 
 
_____% of the “blue light” responses will be false/incorrect. 
 
2. Please circle the right answer: 
 
When a target is a terrorist, I should ______. 
A. hold fire B. shoot it as soon as possible 
 
When a target is a Canadian soldier, I should ______. 
A. hold fire B. shoot it as soon as possible 
 
When the light on the combat ID aid is blue, it is ____ that the target is a terrorist. 
A. possible  B. not possible 
 
When there is no light on the combat ID aid, it is ____ that the target is a Canadian. 
A. possible B. not possible 
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 Appendix E: Participant Vision and Demographic Data 

 

Participant 
No. 

Right 
Eye 
Vision 

Left 
Eye 
Vision 

Dominant 
Eye 

Colour 
Blindness Age Sex

Field of 
Study 

Frequency 
of Playing 
Shooter 
Game 

1 10/7.5 10/10 R N 22 M 
Industrial 
Engineering Never 

2 10/10 10/10 R N 23 F 
Industrial 
Engineering Never 

3 10/7.5 10/7.5 R N 23 M 
Engineering 
Science Rarely 

4 10/12.5 10/12.5 R N 22 M 
Electrical 
Engineering Sometimes 

5 10/12.5 10/12.5 L N 22 M 
Industrial 
Engineering Rarely 

6 10/10 10/10 R N 22 M 
Civil 
Engineering Sometimes 

7 10/10 10/10 L N 22 M 
Industrial 
Engineering Sometimes 

8 10/12.5 10/12.5 L N 22 M 
Mechanical 
Engineering Sometimes 

9 10/10 10/12.5 R N 23 M 
Industrial 
Engineering Rarely 

10 10/10 10/12.5 R N 22 M 
Industrial 
Engineering Sometimes 

11 10/7.5 10/10 R N 20 M 
Engineering 
Science Often 

12 10/12.5 10/10 L N 23 M 
Industrial 
Engineering Sometimes 

13 10/7.5 10/10 R N 23 M 
Industrial 
Engineering Sometimes 

14 10/10 10/10 R N 23 M 
Engineering 
Science Sometimes 

15 10/10 10/10 L N 25 M 
Engineering 
Science Rarely 

16 10/10 10/10 R N 21 M 
Chemical 
Engineering Rarely 

17 10/10 10/10 L N 21 F 
Mining 
Engineering Never 

18 10/10 10/10 R N 22 M 
Engineering 
Science Often 

19 10/10 10/10 R N 20 M 
Industrial 
Engineering Often 
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Appendix F: Participant Score 

 
Participant No. Score

6 454
16 512
10 584
7 586

11 646
13 648
19 664
5 806
3 860

15 932
8 1110

18 1392
12 1402
9 1550

17 1610
14 1720
2 1834
1 2140
4 2510
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Appendix G: Participant Response Bias 

 
Two-way ANOVA: ln(beta) versus Condition, Points  
 
Source       DF       SS       MS     F      P 
Condition     1   1.0766  1.07658  1.77  0.187 
Points        2   0.0044  0.00221  0.00  0.996 
Interaction   2   0.6361  0.31805  0.52  0.594 
Error        78  47.3317  0.60682 
Total        83  49.0488 
 
S = 0.7790   R-Sq = 3.50%   R-Sq(adj) = 0.00% 
 
 
                      Individual 95% CIs For Mean Based on 
                      Pooled StDev 
Condition       Mean  -------+---------+---------+---------+-- 
Aided      -0.076607             (-----------*-----------) 
Unaided    -0.303027  (-----------*-----------) 
                      -------+---------+---------+---------+-- 
                          -0.40     -0.20     -0.00      0.20 
 
 
                   Individual 95% CIs For Mean Based on Pooled StDev 
Points       Mean    -+---------+---------+---------+-------- 
 2      -0.190022     (-----------------*-----------------) 
10      -0.198596    (------------------*-----------------) 
20      -0.180833     (------------------*-----------------) 
                     -+---------+---------+---------+-------- 
                   -0.48     -0.32     -0.16      0.00 
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Appendix H: Participant Target Identification Performance (Miss) 

 
Two-way ANOVA: Transformed P(M) versus Aid Cond, Points  
 
Source        DF        SS         MS     F      P 
Aid Cond       1  0.017204  0.0172040  5.08  0.026 
Points         2  0.002905  0.0014524  0.43  0.652 
Interaction    2  0.000041  0.0000204  0.01  0.994 
Error        108  0.365769  0.0033868 
Total        113  0.385919 
 
S = 0.05820   R-Sq = 5.22%   R-Sq(adj) = 0.83% 
 
 
                    Individual 95% CIs For Mean Based on 
                    Pooled StDev 
Aid Cond      Mean  -------+---------+---------+---------+-- 
Aided     0.109174  (---------*---------) 
Unaided   0.133744                  (---------*---------) 
                    -------+---------+---------+---------+-- 
                         0.105     0.120     0.135     0.150 
 
 
                  Individual 95% CIs For Mean Based on 
                  Pooled StDev 
Points      Mean  ------+---------+---------+---------+--- 
 2      0.126571          (-----------*------------) 
10      0.123217        (-----------*------------) 
20      0.114588  (-----------*------------) 
                  ------+---------+---------+---------+--- 
                      0.105     0.120     0.135     0.150 
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Appendix I: Participant Target Identification Performance (False Alarm) 

 
Two-way ANOVA: Transformed P(FA) versus Aid Cond, Points  
 
Source        DF        SS        MS      F      P 
Aid Cond       1  0.129658  0.129658  33.28  0.000 
Points         2  0.001586  0.000793   0.20  0.816 
Interaction    2  0.003995  0.001997   0.51  0.600 
Error        108  0.420760  0.003896 
Total        113  0.555999 
 
S = 0.06242   R-Sq = 24.32%   R-Sq(adj) = 20.82% 
 
 
                    Individual 95% CIs For Mean Based on Pooled StDev 
Aid Cond      Mean    +---------+---------+---------+--------- 
Aided     0.105098    (----*----) 
Unaided   0.172548                          (-----*----) 
                      +---------+---------+---------+--------- 
                    0.090     0.120     0.150     0.180 
 
 
                  Individual 95% CIs For Mean Based on 
                  Pooled StDev 
Points      Mean  ----+---------+---------+---------+----- 
 2      0.139441      (------------*------------) 
10      0.143050        (------------*-------------) 
20      0.133978  (------------*-------------) 
                  ----+---------+---------+---------+----- 
                    0.120     0.135     0.150     0.165 
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Appendix J: Participant Target Identification Error (Interaction) 

 
ANOVA: P(error) versus Aid Cond, Error, Points  
 
Factor    Type   Levels  Values 
Aid Cond  fixed       2  Aided, Unaided 
Error     fixed       2  False Alarm, Miss 
Points    fixed       3   2, 10, 20 
 
 
Analysis of Variance for P(error) 
 
Source                  DF        SS        MS      F      P 
Aid Cond                 1  0.120661  0.120661  33.14  0.000 
Error                    1  0.017186  0.017186   4.72  0.031 
Points                   2  0.003913  0.001956   0.54  0.585 
Aid Cond*Error           1  0.026201  0.026201   7.20  0.008 
Error*Points             2  0.000578  0.000289   0.08  0.924 
Aid Cond*Points          2  0.002035  0.001017   0.28  0.757 
Aid Cond*Error*Points    2  0.002001  0.001001   0.27  0.760 
Error                  216  0.786529  0.003641 
Total                  227  0.959103 
 
 
S = 0.0603435   R-Sq = 17.99%   R-Sq(adj) = 13.82% 
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