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Can Cultural Differences Lead to Accidents? Team Cultural 
Differences and Sociotechnical System Operations

Barry Strauch, National Transportation Safety Board, Washington, D.C.

Objective: I discuss cultural factors and how they may influence sociotechnical system 
operations. Background: Investigations of several major transportation accidents sug-
gest that cultural factors may have played a role in the causes of the accidents. However, 
research has not fully addressed how cultural factors can influence sociotechnical sys-
tems. Method: I review literature on cultural differences in general and cultural factors 
in sociotechnical systems and discuss how these differences can affect team performance 
in sociotechnical systems. Results: Cultural differences have been observed in social 
and interpersonal dimensions and in cognitive and perceptual styles; these differences 
can affect multioperator team performance. Conclusion: Cultural factors may account 
for team errors in sociotechnical systems, most likely during high-workload, high-stress 
operational phases. However, much of the research on cultural factors has methodologi-
cal and interpretive shortcomings that limit their applicability to sociotechnical systems. 
Application: Although some research has been conducted on the role of cultural dif-
ferences on team performance in sociotechnical system operations, considerable work 
remains to be done before the effects of these differences can be fully understood. I propose 
a model that illustrates how culture can interact with sociotechnical system operations 
and suggest avenues of future research. Given methodological challenges in measuring 
cultural differences and team performance in sociotechnical system operations, research 
in these systems should use a variety of methodologies to better understand how culture 
can affect multioperator team performance in these systems.

Address correspondence to Barry Strauch, Office Marine Safety, National Transportation Safety Board, Washington, DC 
20594; straucb@ntsb.gov. HUMAN FACTORS, Vol. 52, No. 2, April 2010, pp. 246–263. DOI: 10.1177/0018720810362238. 
Copyright © 2010, Human Factors and Ergonomics Society.

INTRODUCTION

Sociotechnical systems are large, complex 
systems that generate electrical power, pro-
cess chemicals, and transport people and cargo, 
among others. These systems have witnessed 
increased cultural interactions over the years, 
largely the result of the globalization of trade and 
commerce. Several major sociotechnical system 
accidents suggest that cultural factors, if not prop-
erly considered in system operations, may lead to 
breakdowns in team performance and, ultimately, 
to catastrophic accidents. Yet little research has 
been conducted to understand how cultural fac-
tors can affect the operations of such systems.

To understand the effects of culture in socio-
technical systems, I first define sociotechnical 
systems and then examine the role of teams in 
their operations. Because systems employ mul-
tioperator teams rather than single operators, 

I then examine the role of teams in sociotechni-
cal systems. Thereafter, I discuss cultural fac-
tors and sociotechnical systems, focusing on 
two systems, marine and aviation, and propose 
a model that describes how cultural factors can 
affect team performance in system operations. 
Finally, I suggest research to help understand 
how cultural factors can influence sociotechni-
cal system operations.

SOCIOTECHNICAL SYSTEMS

Sociotechnical systems interrelate socio- (of 
people and society) and technical (of machines 
and technology) elements to accomplish sys-
tem objectives (Walker, Stanton, Salmon, & 
Jenkins, 2008). Operators must demonstrate both 
social and technical skills to be effective (see 
also Carayan, 2006). Social skills typically take 
the form of intrateam communication and 
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coordination (Paris, Salas, & Cannon-Bowers, 
1999), whereas technical skills require mastery 
of the relationship between system state and team 
actions sufficient to maintain situation awareness 
through all operating cycles (Endsley, 1995). 
Applying situation awareness to such systems 
typically involves (a) receiving and perceiving 
system information, (b) comprehending the per-
ceived information regarding system operations, 
(c) projecting system status into the near future, 
and (d) selecting the response appropriate to the 
interpretation or assessment of the system state 
(G. A. Klein, 1993).

Because of their size, scope, and complex-
ity, these systems typically require considerable 
operator training and expertise as well as sys-
tematic regulatory and/or company oversight. 
Much has been written about the operating 
environments of these systems. Orasanu and 
Connolly (1993), for example, cite eight factors 
often found in such systems, including (a) ill- 
structured problems, (b) uncertain dynamic envi-
ronments, (c) time stress, and (d) high stakes. 
It is perhaps the latter features that distinguish 
sociotechnical systems from more simple ones. 
Component failure or team error can lead to 
catastrophic results, as illustrated by any num-
ber of past large-scale transportation accidents 
or military incidents (e.g., Wilson, Salas, Priest, 
& Andrews, 2007).

Multioperator teams rather than single oper-
ators are considered the “strategy of choice” in 
sociotechnical system operations (Salas, Cooke, 
& Rosen, 2008), because the complexity of 
tasks performed and the need for a range of 
skills, abilities, and experience can exceed the 
capabilities of individual operators. Workload 
in these systems can vary greatly through vari-
ous operating phases, a function of the time 
available for task completion, operating phase, 
and external or internal conditions (Reiman & 
Oedewald, 2007). Multiple rather than single 
operators also allow tasks and duties to be 
delegated among team members during high- 
workload operational phases, reducing what could 
otherwise be intense individual workload.

Although much is known about cultural dif-
ferences and about system operations, little is 
known about how cultural differences among 
team members can influence sociotechnical 

systems. An understanding of culture’s effects 
on team performance is needed because of 
the increasing role of culturally heterogeneous 
teams in sociotechnical system operations. This 
study seeks to address this need, describe what is 
known about the influence of culture on socio-
technical system operations, and suggest avenues 
of research for researchers and practitioners.

Culture and Social-Interpersonal Factors

Culture incorporates the meaning, value sys-
tem, and behavioral patterns that people with 
common characteristics share (Thomas, Au, & 
Ravlin, 2003). When applied to those who live 
in a particular region, it is referred to as national 
culture. Cultures vary not only across national 
borders but within them as well, forming sub-
cultures. Within subcultures, norms can vary by 
demographic factors, such as age, education, 
and occupation (Schwartz, 1999). Subcultures 
associated with organizations or companies are 
referred to as organizational or corporate cultures 
(Schein, 1990, 1996). Cultural values and norms 
are evolutionary; they can change over time.

Considerable research has addressed cul-
tural differences in general, with Hofstede’s 
(e.g., 1980, 1991) work being particularly 
influential. Hofstede initially identified four 
dimensions that distinguish between cultures, 
labeled individualism-collectivism, power dis-
tance, masculinity-femininity, and uncertainty 
avoidance.

Individualism-collectivism refers to the degree 
to which individuals in a culture accept and 
pursue goals that are in their own best inter-
ests, as compared with those of the group to 
which they belong. Power distance is the extent 
to which people view and accept inequality 
within the distribution of power or status of 
their own groups and the degree to which peo-
ple need or depend on superiors in the group. 
Masculinity-femininity refers to the degree to 
which people in a culture are assertive, ambi-
tious, and competitive—considered masculine 
traits—as compared with caring and addressing 
interpersonal concerns—considered feminine. 
Uncertainty avoidance refers to the tolerance 
for ambiguity and the extent to which people 
in a culture feel comfortable in unstructured 
situations.
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Hofstede later adapted an American per-
sonality inventory to the Chinese culture, iden-
tifying a fifth dimension that he added to the 
original four, labeled Confucian dynamism or 
long-term/short-term orientation (Hofstede and 
Bond, 1988). Long-term orientation reflects 
values such as thrift and perseverance, whereas 
short-term orientation reflects what Hofstede 
and McCrae (2004) refer to as “respect for tra-
dition, fulfilling social obligations, and protect-
ing one’s ‘face’” (p. 65), all values typically 
associated with Asian cultures.

Since Hofstede’s initial work, others have 
conducted multicultural research based on the 
results of Likert-type surveys, as Hofstede did. 
Schwartz (1999), for example, derived seven 
“cultural values,” including harmony, conserva-
tism, hierarchy, mastery, egalitarianism, intel-
lectual autonomy, and affective autonomy.

A comparative study of individuals in 
a variety of companies in 62 countries, the 
GLOBE (Global Leadership and Organizational 
Behavior Effectiveness) study, envisioned as a 
multiyear, multiphase endeavor, yielded nine 
cultural factors: power distance, uncertainty 
avoidance, and seven others (House, Hanges, 
Javidan, Dorfman, & Gupta, 2004). Critics of 
using Likert-type surveys in cultural research 
have cited shortcomings in the methodologies 
used in many of the studies and the inability 
of the derived cultural dimensions or factors to 
account for the complexities and subtleties that 
underlie cultural differences (e.g., Chen, 2008; 
Heine, Lehman, Peng, & Greenholtz, 2002; 
McSweeny, 2002).

Peng and Nisbett (1999) found differences in 
conflict avoidance and conflict resolution, with 
one culture tending to find a “middle ground” or 
a compromise between two conflicting positions 
when dealing with conflicts or conflicting situa-
tions and another tending to determine and sup-
port a position viewed as more correct. Peng and 
Nisbett considered the differences they observed 
to reflect differences in cognitive styles between 
cultures. Asian cultures relied on what Peng and 
Nisbett termed “dialectical thinking,” whereas 
Westerns ones relied on formal and analytical 
logic.

Oetzel, Ting-Toomey, Masumoto, Yokochi, 
Pan, Takai, and Wilcox (2001) suggest that those 

from individualistic and low-power-distance cul-
tures tend to address conflict directly, whereas 
those from collectivistic and high-power-distance 
cultures smooth over conflict. Markus, Kitayama, 
and VandenBos (1996) found differences in 
how cultures express emotion. In some cultures 
people believe that expressing emotion, par-
ticularly anger, is potentially disruptive to the 
social order, whereas in others, people view such 
expressions as within an individual’s needs (see 
also Markus & Kitayama, 1998, 2003).

Cultural factors have been observed in the 
consideration of “face,” a uniquely Asian con-
cept that has no Western analog. It combines 
the sense of self-worth and identity with ele-
ments of social custom and status. Kang (2004) 
described face as the desire to behave according 
to aspects of the norms of the particular culture 
involved. In some cultures, social status—
the hierarchical position of an individual in 
society—influences the perception of face (see 
also Oetzel et al., 2001). Jing, Lu, and Peng 
(2001) argue that power distance does not 
accurately describe the role of hierarchy in the 
Chinese culture. Instead, they propose a unique 
Chinese cultural factor that incorporates ele-
ments similar to face to explain the role of the 
leader in the culture.

Early (1989) found cultural differences in 
“social loafing,” the tendency of individuals to 
exert less effort at the expense of others when 
working in a team. Those from individualistic 
cultures tend to exhibit more social loafing on a 
team task than did those from collectivistic ones. 
Karau and Hart (1998) found that social loafing 
decreases with team cohesiveness. Social loaf-
ing was reduced or eliminated in teams that had 
worked together for extended periods.

Culture and Cognitive-Perceptual Factors

Researchers have observed differences in per-
ception and cognitive styles across cultures (e.g., 
Hong, Morris, Chieu, & Benet-Martinez, 2000; 
Ji, Peng, & Nisbett, 2000). Blais, Jack, Scheepers, 
Fiset, and Caldara (2008), for example, found 
that cultures differ in the way they look at faces, 
similar to cultural differences in the conception 
of face. That is, generally collectivistic cultures, 
which attend to the societal view of face, tend to 
focus on “holistic” features of the central facial 
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region, whereas more individualistic cultures, 
which focus on specific features, tend to focus on 
the eyes (Hong et al., 2000).

Morris and Peng (1994) found that cultures 
differ in their attribution of cause, consistent 
with their individualistic or collectivistic orien-
tation. Collectivist cultures attribute causality 
to the interaction of circumstances and individ-
uals, whereas individualistic cultures attribute 
causality to the actions of the individuals them-
selves. Nisbett, Choi, Peng, and Norenzayan 
(2001) believe that cultures differ in their “tacit 
epistemologies” and “the nature of their cogni-
tive processes” (p. 291). In their view, a given 
stimulus elicits different cognitive processes 
and cognitions in different cultures. “Indeed,” 
they note,

as some of the perceptual work we have 
reviewed indicates, the different focus of 
attention of Easterners and Westerners indicates 
that they may sometimes not be seeing the 
same stimulus situation at all—even when 
their heads are immobilized at a fixed distance 
away from a computer screen. (Nisbett et al., 
2001, p. 306)

Nisbett and Norenzayan (2002) suggest that 
linguistic differences, as well as differences 
in ancient cultural philosophical orientations, 
account for cultural differences in cognition. 
They observed differences in the degree to 
which cultures (a) attend to objects rather than 
to the contexts in which the objects are located, 
(b) observe complexity in their environments 
and contradictions in causal elements, (c) cat-
egorize aspects of their environments according 
to formal logic or object similarities and rela-
tionships, and (d) attribute causality.

H. A. Klein (2005) contends that cultures 
differ cognitively on several dimensions. These 
include dialectical reasoning, viewing contra-
dictory perspectives to select the single best 
as compared with seeking compromise; hypo-
thetical thinking, imagining scenarios to exam-
ine the implications of plans versus reasoning on 
the basis of personal experience; time orienta-
tion, respecting and attending to traditions and 
customs versus focusing on long-term goals; 
and activity orientation, having work-related 
endeavors as a central focus of activities as 

compared with having interpersonal relation-
ships as the focus.

Ambady and Bharucha (2009) suggest that 
social and cognitive differences between cul-
tures may be reflected in differences in neural 
processing. Their review of the neuroscience lit-
erature, research that is admittedly preliminary, 
suggests that neural processes have evolved 
over time consistent with changes in culture. 
The brain, they theorize, has internalized and 
modified neural processing in ways that reflect 
cognitive differences between cultures. An over-
view of information on studies on cultural dif-
ferences is presented in Table 1.

Implications for Sociotechnical Systems

Because there has been little research on the 
effects of cultural differences in sociotechni-
cal system operations, researchers are limited 
in their ability to describe or predict how cul-
ture could influence these systems. Moreover, 
much of the research that has been applied to 
sociotechnical systems has relied extensively 
on attitude surveys, instruments that may not 
capture features unique to sociotechnical sys-
tems. Furthermore, the respondents complet-
ing these surveys had little in common with the 
technically oriented and team-based operators 
of sociotechnical systems. Most were college 
students, office workers, or elementary school 
teachers. The very potential of sociotechnical 
systems for intense time pressure and severe 
consequences from errors distinguishes sys-
tem operators from the respondents of the 
bulk of cultural research. Thus, findings 
based on survey-based research may have 
limited applicability to sociotechnical system 
operations.

Of the cultural research applied to socio-
technical systems, Hofstede’s has been cited 
the most. Researchers have applied Hofstede’s 
dimensions to such systems or applications as 
commercial aviation (Merritt, 2000; Merritt & 
Helmreich, 1996), aviation accidents (Soeters 
& Boer, 2000), oil and gas industries (Mearns & 
Yule, 2009), and commercial shipping (Havold, 
2007). However, these studies have been gener-
ally characterized by (a) comparisons between 
different culturally homogeneous groups rather 
than within culturally heterogeneous ones or 
between homogeneous and heterogeneous groups, 
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(b) attribution of cultural dimensions after 
the fact to explain previously identified per-
formance differences, and/or (c) assumptions 
regarding the efficacy of sociotechnical system 
moderators (e.g., training) without supporting 
evidence. 

Nonetheless, given the findings of social-
personal and cognitive-perceptual cultural dif-
ferences, it can be suggested that sociotechnical 
team members differing on these factors may 
be more likely to commit errors than are those 
in culturally homogeneous teams. As Klein and 
Steele-Johnson (2007) note, “National differ-
ences in thinking and reasoning styles . . . create 
formidable barriers to understanding and col-
laboration” (p. 475). There is support for this 
assertion, although it is from research that was 
not conducted in sociotechnical system settings.

Thomas (1999) demonstrated that the greater 
the extent of cultural differences in critical 
social, cognitive, and perceptual dimensions, 
the more likely teams will commit errors in a 
cognitive task relative to more culturally homo-
geneous teams. Referring to what he termed 
“relative cultural distance,” he observed that 
culturally homogeneous groups consistently 
outperformed heterogeneous ones in the same 
problem-solving task. Watson, Kumar, and 
Michaelson (1993) obtained similar differences 
in the performance of culturally heterogeneous 
and homogeneous teams. However, during a 
period of 17 weeks, as the culturally hetero-
geneous teams continued to work together, 
performance differences between the teams 
disappeared.

Gelfand, Nishii, and Raver (2006) contend 
that differences in the strength of cultural norms 
and the degree to which the group tolerates 
deviation from the norms affect performance 
between cultures. Tight norms allow little devi-
ance by group members and are more likely to 
influence behavior than are loose norms. The 
dimension of tightness-looseness, they argue, 
is independent of other dimensions, such as 
individualism-collectivism.

H. A. Klein (2005) suggests that of Hofstede’s 
dimensions, two—power distance and uncer-
tainty avoidance—affect team performance. 
Because power distance affects the way subor-
dinates view and defer to others on the team as a 
function of their perceived hierarchical status, it 

can be assumed that team members from high-
power-distance cultures would differentially 
attend to inputs from colleagues according to 
their perceived status. Perception of power dis-
tance can also affect the willingness of team 
members to defer to their colleagues or supervi-
sors in matters of system operations, even when 
deference may not be warranted. 

Furthermore, because of the likelihood that 
systems will present ambiguous or conflicting 
cues, and what Orasanu and Connolly (1993) 
refer to as “ill-structured problems,” uncer-
tainty avoidance can be expected to directly 
affect sociotechnical system team performance. 
Those with high tolerance for ambiguity would 
be expected to respond more quickly and/or 
more appropriately to uncertain situations than 
would those from cultures with low tolerance 
for ambiguity.

Differences in cognitive and perceptual styles 
can affect team performance by leading to dif-
ferences in the way operators perceive and com-
prehend system cues, differences that can affect 
situation awareness and subsequent decision 
making. Differences such as these, that interfere 
with team perception and interpretation of sys-
tem cues, or can delay team response to cues, 
have the potential to cause breakdowns in team 
performance.

The literature suggests that team performance 
errors are more likely to be committed, and more 
likely to adversely affect system operations, 
during operational phases when workload and 
stress on operators are the highest. In lower-
workload phases, operators can more effectively 
attend to system cues and monitor and respond 
to changes in system status, because there are 
fewer demands on their cognitive processes and 
more time available to attend to system opera-
tions (Urban, Weaver, Bowers, & Rhodenizer, 
1996; Weaver, Bowers, & Salas, 2001; Woods 
& Patterson, 2001).

Cultural Research in the Marine System

Culturally heterogeneous teams are more 
likely to be found in systems that operate inter-
nationally, such as transportation, than in domes-
tic ones, such as chemical processing. The 
marine and aviation systems, both of which 
operate internationally, have been the subject of 
more research on cultural interactions than most 
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systems, although considerably more research 
has been conducted in the aviation than in the 
marine system. Both marine and aviation systems 
have also been the subject of official acci-
dent investigations that, although lacking in 
sample size and possessing other shortcom-
ings for research purposes, nevertheless offer 
insights into multicultural team performance.

The marine transportation system consists 
of military, recreational, research, and other 
types of vessels and vessel operations. I focus 
here on international commercial operations, 
with vessels that traverse both oceans and local 
waterways, across international borders. When 
traversing foreign ports, commercial vessels are 
almost universally required to retain local har-
bor pilots to navigate or guide the vessels to and 
from berths and pilot stations. Captains or mas-
ters and other bridge crewmembers are expected 
to work together with the pilots, as a single team, 
to maneuver a vessel in narrow waterways, around 
other vessels and obstructions, while avoiding 
shallow water or other hazards.

In this respect, the marine system is unique 
among sociotechnical systems. Pilots, usually 
unknown to vessel crewmembers, are likely to dif-
fer in culture and native language from the vessel 
crewmembers as well as in their respective expe-
rience in the particular waterway. Yet the pilots 
are expected to serve as fully functioning team 
members almost immediately on entering a ves-
sel’s bridge, during the highest workload phase 
of vessel operations, navigating in local waters. 
Nonetheless, the system appears to be robust, and 
pilot-involved accidents are infrequent.

Hetherington, Flin, and Mearns (2006) focused 
exclusively on operators in a review of ship-
ping safety and marine accidents. They identi-
fied unique factors that played a role in those 
accidents, including bridge resource manage-
ment and engine resource management, marine 
analogs to aviation’s crew resource manage-
ment. Hetherington et al. (2006) concluded 
that language and cultural issues affect vessel 
safety, primarily through breakdowns in com-
munication and misunderstandings within 
the teams. Although the findings suggest an 
influence of culture on system operations, the 
authors did not distinguish between culture and 
language. Absent a methodology that distin-
guishes between language and culture, research-

ers are likely to be constrained in discriminating 
between the influence of one or the other on sys-
tem operations.

Havold (2007) examined national cultures 
among crewmembers of Norwegian-flagged com-
mercial vessels to determine whether nationality 
was related to vessel safety culture, or what he 
termed “safety orientation.” He found that cul-
tural differences between the crewmembers were 
consistent with several of Hofstede’s dimen-
sions. In addition, Havold found differences in 
the fatalism of the respondents and in factors that 
he termed “actions based on accidents,” “work 
itself,” and “espouses safety values.”

The Transportation Safety Board of Canada 
(1995) examined 273 accidents of oceangoing 
vessels in Canadian waters that occurred between 
1981 and 1992. The study focused exclusively 
on accidents involving pilots on internationally 
operating vessels, almost all of which involved 
multicultural operator teams. Two hundred of 
the accidents were determined to involve such 
issues as misunderstandings between pilots and 
captains or other bridge officers and misjudg-
ments by pilots or captains. Follow-up inter-
views with both captains and pilots found that 
many attributed these misunderstandings to 
deficient language skills (French and English) 
of the vessel officers. However, some pilots 
also reported that “an increasing number of for-
eign masters consider the arrival of a pilot on 
board as a relief, a way to discharge some of 
their responsibilities, a chance to get some rest” 
(p. 6), suggesting an explicit cultural difference 
in social loafing.

A recent marine accident in the United States 
illustrates how cultural factors can influence 
social loafing in marine system operations. 
On November 7, 2007, in thick fog, the Hong 
Kong-registered container ship Cosco Busan 
struck the pier of a supporting tower of the San 
Francisco-Oakland Bay Bridge. The vessel’s 
fuel tank was torn open, and more than 50,000 
gallons of fuel oil spilled into San Francisco 
Bay as a result (National Transportation Safety 
Board, 2009). The vessel was under the navi-
gational control of a local harbor pilot, a U.S. 
national with more than 26 years of experience 
in the San Francisco port. The pilot had been 
taking multiple prescription medications that 
degraded his cognitive skills and his ability to 
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interpret electronic navigation data, effects that 
would have been unrecognizable to those work-
ing alongside him.

Investigators concluded that with the har-
bor pilot, the vessel’s master or captain shared 
responsibility for the accident because he did 
not review with the pilot the intended vessel 
navigation plan from the Oakland berth to the 
San Francisco pilot station (the pilot boards a 
moving inbound vessel or disembarks from 
an outbound moving vessel at a pilot station 
outside the immediate port area) and did not 
effectively monitor the pilot’s navigation of 
the vessel through the harbor. By the captain’s 
admission, he deferred all navigation tasks to 
the pilot. The captain, a licensed mariner for 
more than 20 years and a captain for almost 
10 years, was on his first voyage through San 
Francisco harbor.

The captain, who, like the other crewmem-
bers, was a national of the People’s Republic of 
China, interpreted the pilot’s demeanor nega-
tively when they first met. As he told investi-
gators in an interview conducted through a 
translator,

Normally as a captain I would welcome the 
pilot with my open arms, enthusiastic, and 
I would show my hospitality in offering him 
if he need any food or coffee or tea, et cetera. 
And then pilot came on board with a very 
cold face. Some of them just don’t want to 
pay attention on us and some of them would 
not like to talk with us. . . . It seems the pilot 
coming on board was with cold face, doesn’t 
want to talk. I don’t know if he had a hard day 
before or because he was unhappy because 
I was a Chinese. (National Transportation Safety 
Board, 2009, pp. 67–68)

Several factors, either alone or in combi-
nation, likely account for the captain’s mini-
mal participation in harbor vessel navigation. 
Lacking any experience in the harbor, the cap-
tain may have simply deferred all navigation 
tasks to the pilot, the harbor expert. On the other 
hand, the captain’s own explanation suggests 
that cultural factors played a role. His almost 
immediate focus on the pilot’s face was consis-
tent with Asian perceptual styles (Blais et al., 

2008) and led him to limit his involvement with 
the pilot in a team task, vessel navigation.

Furthermore, his complete reliance on the 
pilot in navigating the vessel suggests a cultural 
difference in social loafing, consistent with the 
Transportation Safety Board of Canada’s (1995) 
finding regarding a pilot’s description of the 
role of non-Canadian captains in harbor navi-
gation. Consequently, although noncultural fac-
tors cannot be excluded in accounting for the 
breakdown in the performance of the captain 
and pilot team, the circumstances of this acci-
dent suggest that cultural factors played a role.

Cultural Research in the Aviation System

Aviation operations comprise many segments, 
such as military, recreational, agricultural, and 
commercial, which differ in complexity, type 
and extent of operator training and experi-
ence, operating procedures, and company or 
government oversight, among other factors. 
I focus primarily on commercial air transport, 
because most aviation cultural research has 
been carried out in this system and because 
it is the one most likely to involve intercul-
tural interactions. Typically, such interactions 
occur when pilots fly into countries different 
from their own. Multinational cockpit crews 
are relatively uncommon within the world’s 
commercial fleet, although they are present in 
some airlines.

Although marine systems routinely introduce 
cultural heterogeneity to vessel teams when har-
bor pilots guide the vessels in port, consider-
ably more cultural research has been carried 
out in the aviation than in the marine system. 
Much of the research has applied the results 
of attitude surveys to aviation settings. For 
example, Merritt and Helmreich (1996) applied 
two of Hofstede’s dimensions, individualism-
collectivism and power distance, to Asian and 
American pilots and flight attendants in what 
they termed “cockpit management attitudes.” 
Consistent with Hofstede’s findings, Asian 
crewmembers were found to perceive greater 
differences between the authority of superi-
ors and subordinates (i.e., between captains 
and first and second officers or between cap-
tains and flight attendants) and to recognize the 
need for greater crew harmony to support the 
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captain than did their American counterparts. 
Conversely, American crewmembers believed 
that self-reliance and personal responsibility 
were more influential in contributing to effec-
tive crews than did the Asian crews.

Sherman, Helmreich, and Merritt (1997) 
surveyed pilots from 12 countries to determine 
their attitudes toward automation and automated 
aircraft, as highly automated, “fly-by-wire” air 
transport aircraft were being introduced into the 
worldwide fleet. A “consistent and substantial” 
relationship was found between pilots’ attitudes 
toward automation and their nationalities. In 
particular, pilots from cultures scoring high on 
Hofstede’s power distance dimension tended to 
prefer and use automation more than did pilots 
from cultures scoring lower on the dimension. The 
latter tended to see fewer differences between 
superiors and subordinates than did those who 
scored high. Merritt (2000) surveyed pilots from 
19 countries to determine the extent to which 
Hofstede’s initial four dimensions of culture 
could be replicated. The dimensions were repli-
cated, although the findings differed somewhat 
from those of Hofstede’s studies.

Li, Harris, and Chen (2007) compared 
the results of Human Factors Analysis and 
Classification System (HFACS) applications, a 
human error classification scheme (Shappell & 
Wiegmann, 1997, 2001), from a study of aircraft 
accidents in India (Gaur, 2005), the Republic of 
China (Li & Harris, 2005), and the United States 
(Wiegmann & Shappell, 2001). Significant dif-
ferences between the accidents in the three 
countries were found in seven HFACS catego-
ries. However, although suggestive of cultural 
differences, the study had serious methodologi-
cal flaws. Differences between the countries 
(and in the case of India, within the country) in 
the complexity of the operation, type of opera-
tion (military, commercial, and agricultural), 
level of government oversight, and extent of 
equipment sophistication and operator skill, 
among others, were not accounted for and, as a 
result, cannot be excluded as factors explaining 
the obtained differences.

Researchers also applied Hofstede’s dimen-
sions, after the fact, to explain previously 
observed differences in aviation accident rates. 
Soeters and Boer (2000) compared accident 

rates of 11 North Atlantic Treaty Organization 
(NATO) air forces from 1988 through 1992 and 
of 14 NATO air forces from 1991 through 1995 
(data for 3 of the 14 air forces were unavail-
able in one interval). Accident rates correlated 
significantly with national scores on three of 
Hofstede’s four dimensions.

Jing et al. (2001) compared aviation acci-
dents in 59 countries in Asia-Australia, Europe, 
North America, Africa-Middle East, and South 
and Central America-Caribbean, across a 
combination of cultural factors identified by 
Hofstede and others. Power distance accounted 
for more than 50% of the variance in accident 
rates across the five regions. Because of the pre-
viously described limits to the generalizability 
of the initial attitude survey results, as well as 
the post hoc application of Hofstede’s dimen-
sions to the observed differences in accident rates, 
the findings of both Soeters and Boer (2000) and 
Jing et al. (2001) are only suggestive of cultural 
effects on aviation.

Helmreich (1994), Meshkati (2002), and 
Orasanu, Fischer, and Davison (1997) contend 
that cultural factors played a role in the 1990 acci-
dent of a Colombian aircraft in which the crew 
allowed the aircraft to exhaust its fuel and crash 
on approach to New York City (National Trans-
portation Safety Board, 1991). The Colombian 
crew failed to unambiguously convey to the 
American air traffic controllers the urgency 
of their fuel state (the aircraft had been hold-
ing before approaching New York and was dan-
gerously low on fuel when the crew initiated 
the first approach). Had the pilots declared an 
emergency, the controllers would have been 
required to expedite efforts to clear the air-
plane to land. Because the crew did not do so, 
the airplane was not given priority when it first 
entered New York airspace and instead was 
placed behind other aircraft in a queue lined up 
for the approach, despite the crew’s awareness 
of their perilously low fuel state.

The captain and first officer communicated 
with each other in Spanish, whereas the first 
officer communicated with the U.S. air traf-
fic controllers in English. The captain directed 
the first officer to declare an emergency to the 
controllers, but the first officer did not do so. 
Instead, he told the controllers, “I think we 
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need priority” and “We’re running out of fuel.” 
Although language factors may have played a 
part in the communication breakdown between 
the Colombian first officer and the U.S. air 
traffic controllers, the similarity of the English 
word emergency with the Spanish word emer-
gencia would argue against it.

Helmreich (1994) suggests that the high power 
distance of the Colombian culture explains 
the first officer’s reluctance to seek clarifica-
tion from the captain regarding an emergency 
declaration. Orasanu et al. (1997) attributes to 
cultural factors the crew’s reluctance to request 
assistance in obtaining fuel from U.S. dispatch-
ers, even after being informed that they might 
have to hold before reaching their destination. 
Meshkati (2002) believes that the crewmem-
bers’ desire to avoid uncertainty might have 
made them reluctant to discuss alternatives to 
their plan to land in New York. Although the 
pilots’ communication errors may have been 
influenced by cultural influences, other expla-
nations, such as the crew’s unfamiliarity with 
U.S. dispatch offices, a reluctance to divert to 
an airport with which the airline did not have 
prearranged fueling and passenger handling pro-
cedures, and poor “airmanship” skills in their 
inability to relate expected holding times to 
anticipated fuel needs, could also account for 
their performance errors.

By contrast, a 1977 aviation accident offers 
few explanations other than culture to account for 
the breakdown in team performance. A Japanese 
cargo aircraft en route to Tokyo crashed shortly 
after takeoff from Anchorage, Alaska, killing 
the three crewmembers and two cargo han-
dlers on board (National Transportation Safety 
Board, 1979).

Investigators determined that the captain 
was intoxicated—postmortem analysis showed 
a blood alcohol level of 0.29%—causing obvi-
ous performance decrements (a U.S. driver 
with a blood alcohol level of 0.08% is consid-
ered to be legally intoxicated). The captain’s 
intoxication was sufficiently manifest that the 
driver who took the crew to the airport from 
their hotel informed his dispatcher of the cap-
tain’s behavior. The dispatcher notified the air-
line’s Anchorage office, but no further action was 
taken. Cockpit voice recorder data showed that 

neither the first nor the second officer remarked 
about the captain’s intoxication, and neither 
attempted to deter the captain from controlling 
the airplane.

The captain was a U.S. national, age 53, 
whereas the first officer and the flight engi-
neer, both Japanese, were ages 31 and 35, 
respectively. The reluctance of the two junior 
crewmembers to confront the captain, and their 
inaction in the face of his control of the aircraft, 
can be attributed to their reluctance to humil-
iate the captain. This is because an affront 
to the captain’s “face” would have resulted 
by their suggesting to the captain, their supe-
rior, that he delegate the takeoff to the first offi-
cer, a junior crewmember (e.g., Kang, 2004; 
Oetzel et al., 2001). The circumstances of this 
accident suggest few factors other than cul-
ture that can adequately explain the failure of 
the junior crewmembers to prevent the captain 
from taking control of the aircraft, even at the 
cost of an accident.

The Cosco Busan marine accident and the 
Anchorage aviation accident share some char-
acteristics. Critical operator performance was 
degraded by the use of alcohol in one and 
prescription drugs in the other, although in the 
Cosco Busan accident, the degradation was 
subtle and undetectable to others. In both acci-
dents, the crewmembers who failed to properly 
respond to deficiencies in team member perfor-
mance were members of a single cultural group 
and the impaired operator the “outsider.” Their 
failure to coordinate team objectives in operat-
ing the aircraft and vessel led to a breakdown 
in team performance, which led to accidents. 
An overview of information on studies on cul-
tural differences in sociotechnical systems is pre-
sented in Table 2.

DISCUSSION

Culture’s Effects on Team Performance

The findings of the present study provide 
insight into how cultural differences can affect 
sociotechnical system operations. Culturally 
heterogeneous teams, in which team members 
differ in sufficient degree in critical social and/
or cognitive dimensions, will be more likely 
to commit errors than would culturally homo-
geneous teams. These errors are more likely to 
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be committed during high-stress system opera-
tional phases than during routine ones (Salas, 
Rosen, & King, 2007; Weaver et al., 2001; 
Woods & Patterson, 2001). The Cosco Busan 
marine (National Transportation Safety Board, 
2009) and the Anchorage airline accidents 
(National Transportation Safety Board, 1979) 

illustrate how cultural differences can influence 
team communication, coordination, and deci-
sion making in the respective systems. In both 
accidents, the breakdown in team performance 
occurred during the phases of highest workload: 
port navigation in restricted visibility in the for-
mer accident and takeoff in the latter.

TABLE 2: Studies of Cultural Differences in Sociotechnical Systems

Author(s) Year Method System Findings

Havold 2007 Likert-type survey Marine Consistent with Hofstede
Helmreich 1994 Literature review Aviation Hofstede’s dimensions 

could explain cause of an 
accident

Hetherington, Flin, & 
Mearns

2006 Literature review Marine Not applicable

Jing, Lu, & Peng 2001 Literature review Aviation National differences relate 
to differences in accident 
rates

Klein & Steele-Johnson 2007 Exploratory study of 
training effectiveness

Military Training may moderate 
cultural differences in 
cognitive and social 
factors

Li, Harris, & Chen 2007 Accident rates of three 
countries compared 
using HFACS to 
explain differences

Aviation National differences 
accounted for 
differences in accident 
rates

Merritt 2000 Likert-type survey Aviation Consistent with Hofstede
Merritt & Helmreich 1996 Likert-type survey Aviation Consistent with Hofstede
Meshkati 2002 Literature review Aviation Hofstede’s dimensions 

could explain cause of an 
accident

National 
Transportation 
Safety Board (NTSB)

1979 Accident investigation Aviation Not applicable

NTSB 1991 Accident investigation Aviation Not applicable
NTSB 2009 Accident investigation Marine Not applicable
Orasanu, Fischer, & 

Davison
1997 Literature review Aviation Hofstede’s dimensions 

could explain cause of an 
accident

Sherman, Helmreich, 
& Merritt

1997 Likert-type survey Aviation Pilot views on automation 
consistent with Hofstede

Soeters & Boer 2000 Applied previous findings 
to account for accident 
rate differences

Aviation Consistent with Hofstede

Transportation Safety 
Board of Canada

1995 Safety study Marine Not applicable

Note. HFACS = Human Factors Analysis and Classification System. Hofstede refers to Hofstede (1980, 1991), 
Hofstede and Bond (1988), and/or Hofstede and McCrae (2004).
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The potential influence of cultural factors on 
sociotechnical system operations is illustrated 
in Figure 1, a model of how culture can affect 
team performance in the systems.

The literature indicates that cultural factors 
must meet two criteria to influence team per-
formance: (a) Team cultural differences must be 
sufficiently great in the dimensions that influ-
ence critical performance (Thomas, 1999), and 
(b) the dimensions must be sufficiently influ-
ential (i.e., tight rather than loose; see Gelfand 
et al., 2006). Cultural factors within sociotech-
nical system teams that meet these criteria can 
affect team performance.

Team errors in sociotechnical systems can 
take several forms (Strauch, 2002). Team mem-
bers can fail to catch or mitigate the errors of 
others, they can adversely influence the per-
formance of others, or they can fail to properly 
coordinate or communicate critical information. 
These errors, primarily social-interpersonal in 
nature, are in addition to those that individual 
operators could commit, irrespective of whether 
they are working within teams. These errors 
include misinterpreting system cues, incorrectly 
assessing system state, and taking incorrect 
action in response to the system state—errors 
that are largely cognitive-perceptual in nature.

Cognitive/Technical 
• Figure/context 
• Causal attribution 
• Dialectical 

thinking/formal 
logic 

Cultural Factors 
• Tight-loose
• Different-

similar 

Social/Interpersonal 
• Power distance 
• Individualism/

collectivism 
• Uncertainty 

avoidance 
• Social loafing 

Multicultural
Operating Team  

System Operating 
Phase 

• Routine-
nonroutine 

Effective 
Performance 

Team Error 

Moderating Factors 
• Training 
• Operating procedures 
• Oversight 
• Team longevity 

Figure 1. Culture’s proposed influence on multioperator teams in sociotechnical systems.
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The research on sociotechnical system oper-
ations and on cultural differences indicate 
that situation assessment errors, that is, errors 
involving cognition and perception, and coordi-
nation and communication errors, which involve 
social and interpersonal skills, are those most 
likely to be committed in sociotechnical sys-
tems. Furthermore, these errors are not expected 
to be equally likely in all system operational 
phases. High-workload, high-stress operational 
phases are more unforgiving of operator perfor-
mance and are thus more likely to have team 
errors committed in them than would likely 
occur during routine operations. This is because 
of the increased demands these operational 
phases place on team cognitive processes and 
coordination and communication.

Two types of cultural factors appear to 
influence team performance. These are social 
and interpersonal (e.g., Early, 1989; Hofstede, 
1980, 1991; Kang, 2004; Oetzel et al., 2001; 
Schwartz, 1999) and cognitive and percep-
tual factors (e.g., Blais et al., 2008; Hong 
et al., 2000; Ji et al., 2000; Nisbett et al., 2001; 
Nisbett & Norenzayan, 2002). Differences in 
social-personal factors could affect team coor-
dination and communication, and differences 
in cognitive-perceptual factors can affect team 
situation assessment.

It is possible that system factors, such as 
operator and team training, duration of team 
membership, operating procedures, and com-
pany or regulator oversight, may moderate the 
influence of culture on team performance. Team 
training, especially for performance during 
high-stress operating phases (Burke, Hess, & 
Salas, 2006; Klein & Steel-Johnson, 2007), and 
extended team stability can moderate the poten-
tial adverse influences of culture on team perfor-
mance (e.g., Thomas, 1999) by allowing team 
members to practice team performance and to 
familiarize team members with their perceptual 
and social styles during these system phases.

The proposed model is consistent with 
Moray’s (1994, 2000) theory of error in socio-
technical systems. Moray argues that culture 
interacts with other system elements, through 
the general expectations and “philosophy of 
life” that are imparted to members of the cul-
ture, to influence operator decision making and 

risk tolerance. Thus, it is expected that in socio-
technical systems, culturally heterogeneous teams 
would be more likely to perform differently 
than would culturally homogeneous ones.

Reason’s (1990, 1997) model of latent errors, 
and organizational defenses against those errors, 
does not directly account for the effects of 
culture, but he gives prominence to the actions 
that companies can take to moderate or reduce 
the effects of “latent” or hidden errors that 
adversely affect operator performance. Training 
in performance in high-stress operational 
phases and strict procedures with systematic 
and thorough company oversight are examples 
of defenses that may moderate the effects of 
cultural differences on team performance.

Sutton, Pierce, Burke, and Salas (2006) 
argue that teams can “culturally adapt,” that is, 
change in response to changing circumstances 
(Burke, Stagl, Salas, Pierce, & Kendall, 2006) 
by recognizing, acknowledging, and address-
ing cultural differences within the teams (see 
also Stone-Romero, Stone, & Salas, 2003). 
H. A. Klein (2005) and Klein and Steele-Johnson 
(2007) suggest that training can lessen potential 
adverse effects of cultural differences on mul-
tinational team performance; both studies pro-
pose ways in which systems can moderate or 
“defend” against the potential role of cultural 
differences on team performance.

Researching Culture in Sociotechnical 
System Operations

The relatively little research directly exam-
ining the influence of culture on sociotechnical 
system operations may be attributable to diffi-
culties in measuring performance in these sys-
tems. To illustrate, four types of cultural studies 
have generally been conducted in or have had 
findings applied to sociotechnical systems: 
(a) attitude surveys used to identify cultural fac-
tors (e.g., Hofstede, 1980, 1991; House et al., 
2004; Schwartz, 1999), (b) the results of attitude 
surveys applied to sociotechnical systems (e.g., 
Soeters & Boer, 2000), (c) close familiarity 
with a culture used to apply cultural factors to 
a sociotechnical system (e.g., Fang, 2003; Jing 
et al., 2001), and (d) retroactive survey of cultural 
factors directly in a sociotechnical system (e.g., 
Transportation Safety Board of Canada, 1995).
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Although the first and second types can 
reveal differences in attitudes and suggest 
social-behavioral differences in general, stud-
ies involving those methods did not examine 
such differences in sociotechnical operations 
and, as noted, may have limited applicability. 
Cultural research in system operations has gen-
erally involved the third type, inference based 
on close familiarity with a particular culture, 
but neither this nor the previous two methods 
directly focused on the effects of operator per-
formance in sociotechnical systems. Only the 
fourth type provides an examination of culture 
in sociotechnical systems, but few such studies 
have been conducted.

A fifth type, incident and accident investi-
gations, has provided insights on the role of 
culture in sociotechnical system operations. 
However, the infrequency of these events, the 
small sample sizes involved, and the influence 
of other, potentially more important elements 
in accident causation, among other potential 
factors, limit the generalizability of the cultural 
insights derived. Consequently, to examine rela-
tionships between culture and sociotechnical 
systems, researchers have had to draw infer-
ences from studies of cultural factors and from 
studies of team performance and apply them 
to team performance in sociotechnical system 
operations. This has limited the hypotheses and 
theories proposed to explain how culture affects 
sociotechnical system operations.

Because no single method of studying the 
effects of culture is without flaws, research-
ers need to select appropriate methodologies to 
obtain meaningful data on cultural factors. As 
Tayeb (2001) notes, “the debate surrounding the 
best paradigm and method to use to collect data 
cross culturally is as old as the life of cross cul-
tural investigation itself” (p. 101). Researchers 
may also consider applying multiple methods to 
obtain meaningful results regarding the effects 
of culture on sociotechnical system operations.

An ethnographic or anthropological method, 
as Hutchins, Holder, and Perez (2002) advo-
cate, is resource intensive, requires consider-
able expertise, and may be subject to observer 
variability. However, such methods can produce 
subtle insights into culture that more rigorous 

experimental methods could miss. Cultural 
research conducted during system operations 
is especially challenging because of the need 
to avoid interference with system operations. 
Yet Mumaw, Roth, Vicente, and Burns (2000) 
demonstrated that insightful observations of 
operator performance can be obtained during 
ongoing system operations by a combination of 
systematic observations with structured inter-
views of operators.

In-depth interviews can elicit cultural insights 
not available through other methods, but the 
results, which may not be quantifiable, depend 
on the expertise of the interviewers and the con-
text of the interviews. Tayeb (2001) recom-
mends that participants maintain diaries that 
record their perceptions of given events and can 
provide subtle insights into how culture affects 
operator perceptions and cognitions. Kitayama 
(2002) advocates a method he calls “situation 
sampling,” in which participants from different 
cultures assess a variety of situations, imagine 
themselves in those situations, and indicate how 
they would act in them. Each of these methods, 
although offering the possibility of subtle cul-
tural insights, lacks experimental rigor and the 
ability to effectively test hypotheses.

The use of system simulators to observe 
operator performance avoids interfering with 
system observations and allows experimental 
control of system- and operator-related vari-
ables. However, the lack of situation verisimili-
tude, because team errors have no consequences, 
alters a critical element on which our under-
standing of sociotechnical system operations 
is based, that is, the high risk for operators fol-
lowing team error or system component failure. 
However, simulators can allow researchers to 
control independent variables to study cultural 
effects in system operations in a way that is 
superior to other methods.

Other “unconventional” methods, based on 
data routinely collected in system operations, 
may provide researchers with valuable insights. 
For example, analysis of recordings of air traffic 
control communication may allow insights into 
multicultural exchanges, within a limited range 
of communications. Some sociotechnical sys-
tems routinely use video and/or audio recorders 
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in their operating environments, and these, too, 
may provide insights into operations with cul-
turally heterogeneous groups. Methods such as 
these that allow for analysis and categorization 
of the nature of the communications may pro-
vide insights into cultural effects as well.

Recommendations for Future Research

Many questions regarding the influence of 
culture on sociotechnical systems remain unan-
swered, and research should be undertaken to 
determine how culture affects sociotechnical sys-
tems. For example, it is unknown whether cul-
tural differences derived from attitude surveys, 
from populations other than system operators, 
are observable within sociotechnical systems. It 
has also not been determined whether social- 
interpersonal factors influence team perfor-
mance in these systems as much as cognitive-
perceptual differences do, whether one is more 
critical to effective system performance than 
the other, or whether there are no differences 
in the influence of the two. We do not know 
whether the potential effects of culture are con-
stant across systems or whether they are likely 
to occur more in some systems than in others. 
It has also not been demonstrated whether dif-
ferences in system operating phases can influ-
ence the likelihood of errors among culturally 
heterogeneous teams as compared with homo-
geneous ones.

Moreover, although research has demon-
strated that training can improve team perfor-
mance (Salas, DiazGranados, Klein, Burke, 
Stagl, Goodwin, and Halpin, 2008), and research-
ers have suggested that training can moderate the 
effects of culture (e.g., Klein & Steele-Johnson; 
2007; Sutton et al., 2006), the actual effects of 
proposed moderators on cultural differences are 
unknown. In short, because of the relative scar-
city of research on the effects of team cultural 
differences on performance in sociotechnical 
system operations, numerous questions remain 
unanswered regarding the likelihood of multi-
operator team errors according to the types of 
cultural differences, the nature of the sociotech-
nical systems, and the operating phases of those 
systems.

Final Thoughts

Intercultural interactions in sociotechni-
cal systems occur regularly. The Cosco Busan 
accident illustrates a potentially pernicious 
type of interaction, in which team members 
from cultures different in critical technical 
and social dimensions, with no shared training 
or experience, briefly work together in high-
stress, high-workload operations. The subse-
quent breakdown in team performance that 
resulted in that accident illustrates the need to 
better understand how culture can affect socio-
technical system operations. Was the captain’s 
perception of the pilot consistent with Asian 
perceptions? The answer is yes, as supported 
by literature on the role of face in Asian cul-
tures. Can his perceptions explain the break-
down in team performance? Here, too, the 
answer is yes, according to literature on culture 
and social loafing, although other explanations 
cannot be ruled out.

In the title of this article, I ask whether cultural 
differences can lead to accidents in sociotechni-
cal systems. The research suggests that under cer-
tain conditions, during some operational phases, 
and in the absence of system moderators, they 
can. At least one aviation accident and likely a 
marine accident suggest that, at the least, cultural 
factors played a role in the breakdown in team 
performance that led to the accidents.  As inter-
cultural interactions increase in sociotechnical 
systems, the need for research to better answer 
how culture can influence sociotechnical system 
operations increases as well.
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