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ABSTRACT

This paper provides some preliminary analyses of the relationship between Situation awareness (SA) and confidence, and cultural values and cognitions within a simulated multinational command and control headquarters.  The findings from this paper revealed that although there were clear differences across the participants in terms of national culture and cognitive bias, it was confidence rather that SA that was correlated with the various dimensions of national culture and cognitive bias.  The analyses from this paper illustrate the need to incorporate examinations of culture, cognitive bias and confidence into future studies of SA and team work in multinational settings.

1.0
INTRODUCTION

Good situation awareness (SA) is an essential element for good decision-making in command and control (C2) environments (Bryant, Lichacz, Hollands, & Baranski, 2004).  Good quality SA has been identified as critical during the early stages of C2 operations as it supports the necessary input processes (e.g., cue recognition, situation assessment, prediction) upon which good decisions are based (Riley, Endsley, Bolstad, & Cuevas, 2006).  However, in order for all of the participants to reach a common objective, they must have a common understanding of the environment within which they are working (Bolstad & Endsley, 2003).  
Decisions about planning, directing, coordinating, and controlling operations are dependent upon a coordinated and shared information processing effort of the elements within the C2 environment (Rovira, McGarry, & Parasuramen, 2007).  It is therefore essential to understand those variables that both facilitate and impede information sharing and processing that lead to good SA. 

Certainly, good SA is important for good decision-making.  Still, good SA is not itself sufficient for good decision-making (Artman 2000).  Researchers have shown that the degree of confidence we have in our beliefs and knowledge systems plays an important role in the decisions we make (Griffin & Tversky 1992).  In their review of the literature, Bingi, Turnispeed, & Kasper (2001) reported that the degree of confidence people have in their decisions affects the selection of response alternatives, the amount of implementation effort, and outcome success. Endsley (1993, 1995) has reported that SA and confidence interact to influence decision-making in military settings.  Specifically, Endsley notes that the degree of confidence operators have in their SA impacts their decisions to engage enemies and fire weapons.  However, these reports are based on anecdotal reports from fighter pilots rather than from experimental research.  Accordingly little is known about how SA and confidence interact in these real life contexts.  Interestingly, despite Endsley’s assertions about the important relationship between SA and confidence in the context of decision-making and the plethora of human factors research devoted to the impact of SA on decision-making and performance, only two studies (Lee, 1999; Lichacz & Farrell, 2005) have attempted to examine the relationship between SA and confidence in applied settings.  Thus, more research is required to understand the relationship between SA and confidence in applied settings and how this relationship can impact decision-making in applied settings.

As C2 environments become more multinational in nature (Handley & Levis, 2001; Maginnis, 2005), the ability to develop good levels of SA and confidence in that SA can be impeded by differences in national cultures and language (Hofstede, 1980; Weber & Hsee, 2000), and cognitive biases (Thompson, Naccarato. Parker, & Moskowitz, 2001).  Although heterogeneous teams hold the promise that through diversity, innovative perspectives and practices will yield better solutions to complex problems in contrast to homogeneous teams (Reich & Reich, 2006), cultural differences can become barriers to effective team performance by disrupting communication and cooperation (Handley & Levis, 2001; Grosse, 2002; Kirkman, Gibson, & Shapiro, 2001; Klein, Pongonis, & Klein, 2000; Sutton & Pierce, 2003).  These barriers can impact the quantity and quality of information exchange, impact the manner in which inferences and response choices are made, and can inhibit the formation of collaborative relationships and trigger hostilities amongst inter-cultural groups.  In such team environments information sharing is likely to be minimal and SA sub-optimal.
Despite differences in the complexity of problems and decisions faced by peoples across a plurality of cultures, people everywhere are faced with the same core issues that drive their quest for knowledge and their behaviours: fulfillment of human needs, protection and survival of the individual and group, along with the maintenance of community norms and standards (Mann, Radford, Burnett, Ford, Bond, Leung, Nakamura, Vaughan, & Young, 1998).  However, what may differ across cultures is a set of factors that determine who makes the decision as well as the values and interests served by the decision (Mann et al., 1998).  Hofstede’s (1980, 1991) work on cross-cultural values and interests is the most researched and well established set of data to date (see Bjørnstad, 2006) and therefore might be able to account for differences in decision-making behaviour across cultures.

Hofstede (1980, 1991) has derived five dimensions that can account for values and interests across different cultures: power distance (PD), individualism/collectivism (IC), masculinity/femininity (MF), uncertainty avoidance (UA), and long-term/short-terms orientation (LT/ST).  PD is the extent to which the less powerful members of society accept and expect that power is distributed unequally. High scores on this dimension indicate high PD.  IC is the degree to which individuals are integrated into groups. Group orientation is linked to close ties between people, whereas individual orientation is linked to loose ties between people.  High scores on this dimension indicate individualism.  MF refers to the distribution of roles between the genders. This measure examines whether a society embraces assertiveness, competitiveness, and material success rather than focusing on modesty, caring for others, quality of life issues.  High scores indicate a more masculine society.  UA deals with a society's tolerance for uncertainty and ambiguity in its search for truth. Uncertainty avoiding cultures try to minimize the possibility of such situations by strict laws and rules, safety and security measures. People from uncertainty avoiding countries are also more emotional, and motivated by inner nervous energy.  People from uncertainty accepting cultures are more tolerant of opinions different from what they are used to; they try to have as few rules as possible.  High scores on this dimension indicate a tendency toward uncertainty avoidance.  LT/ST refers to a difference in focus: the present versus distant future.  The former indicates a propensity for action whereas the latter indicates a propensity for planning.  High scores indicate long-term orientation.

Cognitive biases (i.e., the manner by which people incorporate and synthesize information) can certainly impact persons’ tendency to make judgments.  Cognitive bias represents a move away form looking at how situational variables influence decision-making toward more stable, trait-bound characteristics of the individual (Bar-Tal, 1994; Weber, 2000).  In this regard, Thompson et al., 2001 have shown that the decision to expend time and effort towards obtaining knowledge of one’s surrounding can be determined in part by an individual’s personal need for structure (PNS) and their personal fear of invalidity (PFI).  Persons high in PNS are decisive and confident, but do not like when structure and clarity is missing in their situation.  Persons high in PNS may be rigid and inflexible in their thinking and place too much value on their own beliefs.  In contrast, persons who rate high in PFI tend to be preoccupied with the consequence or perceived risk of their decisions.  Accordingly, these persons tend to look for alternatives and may also vacillate between options.  As a result, persons high in PFI are likely to demonstrate a tendency to hesitate to commit to any particular decision or course of action.
In summary, it is acknowledged that SA is a key component to successful C2 operations.  Moreover, the confidence persons have in their beliefs and knowledge structures has been demonstrated to impact the decisions and behaviours people engage.  However the ability to facilitate good SA and confidence in that SA may be compromised by differences in national cultures and cognitions that might exist across societies.  This paper provides some preliminary analyses of the relationship between SA and confidence, and culture and cognitions within a simulated multinational C2 headquarters.

2.0
METHOD

2.1
Participants
The data from 156 participants from eight countries were analyzed in this study: Canada (21), Germany (29), Finland (7), France (13), Sweden (8), Turkey (23), United Kingdom (12), and United States (43).

2.2
Apparatus

The experiment was conducted within secure laboratories in each of the respective countries.  Information between the participants was shared via a secure collaborative information network.

2.3
Stimuli
The participants in the present experiment were presented with a hypothetical scenario that focused on selected aspects of a developing pre-crisis situation in Afghanistan.

2.4
Procedure

The participants’ task was to work together in a distributed coalition to prevent a pre-crisis situation from developing into a war by identifying and assessing a variety of both military and non-military interventions.

Prior to the experiment, the participants answered two cognitive bias surveys: Personal Need for Structure (PNS) and the Personal Fear of Invalidity (PFI) (Thompson et al., 2001).  The PNS contains 12 questions that measure a person’s need for structure and clarity of information for decision-making. The PFI contains 14 questions that measure of a person’s concern over the cost of committing an error during decision-making. Each survey uses a 6-point Likert rating scale (1 = strongly disagree, 6 = strongly agree) to answer the queries.

In order to measure SA, SA queries were administered three times during the course of the event at the end of an experimental day.  The participants received 12 true/false queries about events in the theatre of operations.  The participants indicated their answers by clicking on response buttons on the computer screen.  Following each query, the participants were required to rate their confidence regarding the correctness of their SA response using a 5-point rating scale (very low, low, moderate, high, very high) that was also presented on the computer screen.

Finally, the participants’ data were coded and analyzed according to Hofstede’s (1980) four dimensions of culture: power distance, masculinity, individualism, and uncertainty avoidance.  The dimension of long terms/short term orientation was not included because Finland, France, and Turkey do not have data for this dimension.  The experiment lasted two weeks.

3.0
Results
3.1 Situation awareness and confidence

The SA and confidence data were analyzed within separate 7 (country) x 3 (query session) analyses of variances (ANOVAs) with repeated measures on the last variable.  The partial eta squared (η2) and power (β) statistics are reported for each significant effect.  All post hoc analyses were conducted using the Least Significant Difference statistic with α = .05.

Analysis of the SA data revealed a mean accuracy of 52%.  There was an effect of session, which showed that accuracy increased across query sessions, F (2,296) = 63.7, MSe = 162, p < .001, η2 = .30, β = 1.0 (see Figure 1).  The post hoc analysis showed that accuracy was lowest during the first query session.  Interestingly, there was a null effect of country, F (7,148) = 1.1, MSe = 171, p = .38 (see Figure 2).  A separate analysis with language as the between subjects variable revealed a null effect of language, F = 1.3, p = .25.
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Analysis of the confidence data revealed a mean confidence rating of 3.  The analysis showed a main effect of country, F (7,148) = 2.7, MSe = 2.2, p < .01, η2 = .12, β = .90 (see Figure 3).  A separate analysis using language as the between subjects variable showed that the non-native English speaking participant provided higher ratings of confidence in their SA responses than the native English speaking participants (3.1 vs. 2.6), F (1,154) = 9.8, MSe = 2.2, p < .002.
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One way to study the relationship between the accuracy of our responses and the degree of confidence we have in these responses is to examine the issue of over/underconfidence (Baranski & Petrusic, 1995).  Over/underconfidence indicates the direction and extent to which an individual’s subjective performance estimates deviate from overall calibration (Lichtenstein & Fischhoff, 1977).  Calibration curves are obtained by plotting the percentage of correct responses associated with each confidence category (see Figure 4).  A person is considered overconfident (underconfident) if the person’s mean confidence exceeds (underestimates) their mean percentage correct (Baranski & Petrusic, 1999).  In this way, overconfidence (underconfidence) is denoted by points falling below (above) the solid ideal calibration line” (Baranski & Petrusic, 1998). Perfect calibration occurs when the mean percent correct matches the confidence rating.  That is, the data points line up on the diagonal line within the calibration curves; the ideal calibration line.  In terms of predicting behaviour, persons who are underconfident tend to be much more cautious and possibly hesitant to engage decisions and actions, whereas persons who are overconfident believe that they are doing better than they really are and may be prone to enter into decisions and actions where they should exercise greater caution.  Accordingly, the better-calibrated people are, the better their decision-making should be in general. Thus, in addition to cultivating good information sharing and SA, it should be paramount understand ways to increase the calibration between persons’ SA and their confidence in their SA. 

The overall group confidence calibration curves and the calibration curves for language and personalities are presented in Figure 4.  In general, the calibration curves show that the participants were overconfident in their SA responses.  This trend is consistent across both language groups and nationalities.
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3.2
Hofstede’s Cultural Dimensions
Each country’s scores on each of Hofstede’s (1980) cultural dimensions are shown in Figure 5.  Separate 1-way ANOVAs were used to analyse each dimension of Hofstede’s culture scores for both country and language.  Analysis of the power distance data revealed and significant effect of country, F (7,148) = 72237, MSe = .05, p < .001.  Post hoc analyses revealed significant differences across all countries.  Moreover, the native English-speaking participants had lower power distance scores than the non-native English speaking participants (38 vs. 48), F (1,154) = 26.3, MSe = 140.7, p < .001.  What is more, power distance was observed to have a small positive correlation with confidence, r = .066, p < .001.

Analysis of the individualism/collectivism data showed a significant effect of country, F (7,148) = 141146, MSe = .05, p < .001.  Post hoc analyses revealed significant differences across all countries.  The native English-speaking participants were associated with higher scores on the individualism scale than the non-native English speaking participants (87 vs. 59), F (1,154) = 276.8, MSe = 115.7, p < .001.  There was a small negative correlation between the individualism/collectivism scores and confidence, r = -.107, p < .001.

Analysis of the masculinity/femininity dimension showed a significant effect of country, F (7,148) = 104982, MSe = .05, p < .001.  Post hoc analyses revealed significant differences across all countries.  The native English-speaking participants were observed to have higher scores on masculinity than the non-native English speaking participants (59 vs. 46), F (1,154) = 35.2, MSe = 194.8, p < .001.  Scores on the masculinity/femininity dimension did not correlate significantly with either SA or confidence.

Finally, analysis of the uncertainty avoidance dimension revealed a significant effect of country, F (7,148) = 7114, MSe = .06, p < .001.  Post hoc analyses revealed significant differences across all countries.  The native English-speaking participants were associated with lower scores on the uncertainty avoidance scale than the non-native English speaking participants (45 vs. 69), F (1,154) = 152.6, MSe = 162.4 p < .001 and uncertainty avoidance was observed to be correlated with the confidence ratings, r = .16, p < .001.
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3.3 Cognitive Bias
The PFI and PNS data for both countries and language are shown in Figure 6.  The PFI and PNS data were analysed using separate 1-way ANOVA for both country and language.  Analysis of the PFI data showed a significant effect of country, F (7,118) = 2.1, MSe = .29, p < .05 and language, F (1,124) = 6.7, MSe = .30, p < .01, such that the native English speakers had on average a higher PFI score than the non-native English speaking participants (3.84 vs. 3.58).  Analysis of the PNS data showed a significant effect of country, F (7,117) = 2.4, MSe = .24, p < .02 but a null effect of language, F (1,124) = .55, MSe = .26, p = .46.  Both the native and non-native English speakers demonstrated average PNS scores of 4.1.  Finally, only the PNS construct was observed to be negatively correlated with confidence, r = -.076, p < .001.
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Discussion

To re-iterate, the purpose of this paper is to provide a preliminary examination of the relationship between SA and confidence within a multinational C2 headquarters along with the relationship between SA and confidence and various dimensions of national culture, as derived by Hofstede (1980, 1991), and Thompson et al’s (2001) dimensions of cognitive bias.

The analysis of the SA data revealed that the participants’ responses to the SA queries were poor.  The participants scored slightly better than chance.  Interestingly, the SA scores where unaffected by country or language.  Of course it would be premature to suggest that SA is unaffected by nationality or language.  That SA scores remained consistent could be an artefact of the difficulty of these queries.  Indeed, differences in SA have been observed across nations in previous studies (see Lichacz & Farrell, 2005).  Without a doubt, in order to have a better understanding of the relationship between SA and nationality future research should utilize a broad range of SA queries that span an array of SA themes.

In contrast to the SA data, confidence ratings were related to both country and language.  Analysis of the country data revealed varying levels of confidence in SA responses for each country.  Moreover, the non-native English speaking participants were observed to be more confident in their responses that the native English speaking participants.  Though not entirely surprising that differences in confidence ratings were observed across all groups, it is important to note that these differences could translate into differences in the timeliness and quality of information processing, decision-making, and action implementation exhibited by each group (Bingi et al., 2001; Endsley, 1993, 1995; Griffin & Tversky 1992).  Consequently, such differences in confidence in SA could lead to an inability for synchronization of effort, thereby putting a particular mission at risk of failure.

In addition to the observed differences in confidence, the data from this study showed that all groups were overconfident in their SA responses.  Indeed, the participants exhibited a belief that they are doing better than the data suggests they are doing.  Given previous work on the relationship between confidence and behaviour (Griffin & Tversky, 1992), it might be expected that decision-making and response selection in this headquarters might likely be made in a hasty manner.  The calibration of the SA and confidence data warrants that the persons in this headquarters should exercise caution in their decision-making and response selection.  In real-life settings, a lack of caution could result in a willingness to engage in ill-conceived responses that could result in entirely unforeseen and unexpected consequences of a life-and-death nature (Griffin & Tversky, 1992).

The analysis of the Hofstede (1980, 1991) cultural dimensions revealed clear differences across countries and both language groups.  However, differences on these four dimensions were not shown to be correlated with SA scores.  Rather, with the exception of the MF ratings, these cultural dimensions correlated with the participants’ confidence ratings in their SA responses: PD and UA were positively correlated with confidence, while IC was negatively correlated with confidence.  Accordingly, it should be expected that persons from cultures high in PD and UA will exhibit higher levels of confidence than persons from cultures lower in PD and UA, and that persons from cultures high in individualism should display lower levels of confidence than persons from cultures that are more collectivist.  It is thus likely that these varying degrees of confidence in SA might translate into differences in response selection and implementation effort (Bingi et  al., 2001; Endsley, 1993, 1995) thereby further exacerbating the ability to ensure synchronization of effort and mission success.

Similar to the Hofstede (1980, 1991) dimensions, there were differences across country and language groups with regard to the PNS scores while the PFI scores were affected only by country.  Moreover, neither the PNS nor the PFI ratings were significantly correlated with SA.  However, the PNS construct was negatively correlated with the participants’ confidence ratings, indicating that as ones’ need for structured information increases, confidence in SA decreases. 
The findings from this study show that the SA scores, although quite low, remained stable across countries and language groups.  In contrast, it was the participants’ confidence in their SA responses that was moderated by the variables in this study.  The observed correlations between confidence and the dimensions of national culture and cognitive bias revealed a potentially complex relationship between confidence and SA and ultimately this relationship’s impact on decision-making.  To the extent that various dimensions of national culture and cognitive bias can modulate confidence in SA and given Endsley’s (1993, 1995) report on the impact of the relationship between confidence and SA on response selection, the differences in cultural and cognitive make-up that exist in a multinational HQ will pose a real challenge to ensuring coordinated decision-making.  However, knowing in advance the cultural and cognitive traits of the operators in advance ought to be able to inform us about the degree of confidence that the operators might demonstrate in a specified situation and subsequently the nature of the decisions and actions to be made.  Moreover, knowing the degree of over/underconfidence displayed by the operators can shed light on both the quality and timeliness of the decisions made and actions taken.  In contrast, alone, SA scores do not tell us much about how the participants will make decisions or act.  At best, this information will tell us that decisions and actions are being engaged based on an erroneous understanding of a situation.  In this sense we would not be surprised to observe incorrect decisions and actions.  There is little in the SA data that can inform us about the nature of decisions made and the actions taken.

To be sure the analyses reported here are preliminary and the conclusions speculative.  However, this paper does highlight that the study of SA, especially within multinational contexts, should involve more that the examination of SA.  That is, given all of the previous work on the impact that confidence has on our belief systems and decision-making processes, the examination of the relationship between SA and confidence should be an integral component of any study of SA.  Moreover, the present findings have shown that the level of confidence exhibited by an operator is moderated by cultural variables and personality traits. These correlations between culture, cognitive bias, and confidence indicate that the relationship between SA and confidence is very complex and this complex relationship will have implications for decision-making.  Accordingly, future research ought to strive to study those variables that moderate confidence and then examine the impact of that on SA and ultimately the impact that this relationship has on decision-making.
In addition to including an examination of issues related to confidence, culture, and cognitive bias within the context of SA research, it is imperative the future research of this type be designed to have operators make explicit decisions and responses to better understanding the impact that confidence, culture, and cognitive bias have on SA.  Moreover, we should start to look at decision times and manipulating the completeness of data and the urgency of the decision-making process.  Finally, there is the need to study a wider range of SA queries that reflect the various levels of SA (Endsley, 2001) in order to have a broader understanding of the extent to which these variables affect SA as well as to get better understanding of the underlying cognitive structures and processes responsible for each construct.  Indeed, continued research in increasingly challenging multinational environments is required to validate these current findings and to discover ways to guard against situations where decision-makers are “often wrong but rarely in doubt” (Griffin and Tversky, 1992, p. 412).
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