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Eduardo Salas, Rebecca Grossman, Ashley M. Hughes, and Chris W. 
Coultas. Measuring Team Cohesion: Observations from the Science. S. 
365-374. 

Objective: The aim of this study was to review literature relevant to cohesion 
measurement, explore developing measurement approaches, and provide theoretical and 
practical recommendations for optimizing cohesion measurement. 
Background: Cohesion is essential for team effectiveness and performance, leading 
researchers to focus attention on understanding how to enhance it. However, cohesion is 
inconsistently defined and measured, making it difficult to compare findings across 
studies and limiting the ability to advance science and practice. Method: We reviewed 
empirical research through which we uncovered specific information about cohesion’s 
conceptualization, measurement, and relationships with performance, culminating in a 
set of current trends from which we provide suggestions and possible solutions to guide 
future efforts and help the field converge toward greater consistency. Results: Cohesion 
demonstrates more significant relationships with performance when conceptualized using 
social and task (but not other) dimensions and when analyses are performed at the team 
level. Cohesion is inherently temporal, yet researchers rarely measure cohesion at 
multiple points during the life of a team. Finally, cohesion matters in large, dynamic 
collectives, complicating measurement. However, innovative and unobtrusive 
methodologies are being used, which we highlight. Conclusion: Practitioners and 
researchers are encouraged to define cohesion with task and social subdimensions and to 
measure with behavioral and attitudinal operationalizations. Individual and team-oriented 
items are recommended, though team-level analyses are most effective. 
Innovative/unobtrusive methods should be further researched to enable cohesion 
measurement longitudinally and in large, dynamic collectives. Application: By applying 
our findings and conclusions, researchers and practitioners will be more likely to find 
consistent, reliable, and significant cohesion-to-performance relationships. 

• Keywords: organizational behavior/design, organizational psychology, 
macroergonomics and the environment, group processes, social processes, team 
dynamics, teams and groups, team collaboration, team communication 

ACCIDENTS, HUMAN ERROR 



Hao Rong and Jin Tian. STAMP-Based HRA Considering Causality Within 
a Sociotechnical System: A Case of Minuteman III Missile Accident. S. 
375-396. 

Objective: The study contributes to human reliability analysis (HRA) by proposing a 
method that focuses more on human error causality within a sociotechnical system, 
illustrating its rationality and feasibility by using a case of the Minuteman (MM) III missile 
accident. Background: Due to the complexity and dynamics within a sociotechnical 
system, previous analyses of accidents involving human and organizational factors clearly 
demonstrated that the methods using a sequential accident model are inadequate to 
analyze human error within a sociotechnical system. Methods: System-theoretic 
accident model and processes (STAMP) was used to develop a universal framework of 
human error causal analysis. To elaborate the causal relationships and demonstrate the 
dynamics of human error, system dynamics (SD) modeling was conducted based on the 
framework. Results: A total of 41 contributing factors, categorized into four types of 
human error, were identified through the STAMP-based analysis. All factors are related to 
a broad view of sociotechnical systems, and more comprehensive than the causation 
presented in the accident investigation report issued officially. Recommendations 
regarding both technical and managerial improvement for a lower risk of the accident are 
proposed. Conclusion: The interests of an interdisciplinary approach provide 
complementary support between system safety and human factors. The integrated 
method based on STAMP and SD model contributes to HRA effectively. Application: The 
proposed method will be beneficial to HRA, risk assessment, and control of the MM III 
operating process, as well as other sociotechnical systems. 

• Keywords: human error, causal relationship, sociotechnical system, STAMP, 
system dynamics 

AUTOMATION, EXPERT SYSTEMS 

Francis T. Durso, Eric J. Stearman, Daniel G. Morrow, Kathleen L. Mosier, 
Ute Fischer, Vlad L. Pop, and Karen M. Feigh. Exploring Relationships of 
Human-Automation Interaction Consequences on Pilots: Uncovering 
Subsystems. S. 397-406. 

Objective: We attempted to understand the latent structure underlying the systems 
pilots use to operate in situations involving human-automation interaction (HAI). 
Background: HAI is an important characteristic of many modern work situations. Of 
course, the cognitive subsystems are not immediately apparent by observing a 
functioning system, but correlations between variables may reveal important relations. 
Method: The current report examined pilot judgments of 11 HAI dimensions (e.g., 
Workload, Task Management, Stress/Nervousness, Monitoring Automation, and Cross-
Checking Automation) across 48 scenarios that required airline pilots to interact with 
automation on the flight deck. Results: We found three major clusters of the dimensions 
identifying subsystems on the flight deck: a workload subsystem, a management 
subsystem, and an awareness subsystem. Discussion: Relationships characterized by 
simple correlations cohered in ways that suggested underlying subsystems consistent 
with those that had previously been theorized. Application: Understanding the 
relationship among dimensions affecting HAI is an important aspect in determining how a 
new piece of automation designed to affect one dimension will affect other dimensions as 
well. 

• Keywords: automation, aviation and aerospace, pilot decision making, human-
automation interaction, automation expert systems, cognitive structure, cognition, 
knowledge elicitation/acquisition, methods and skills 



Kevin Anthony Hoff and Masooda Bashir. Trust in Automation: 
Integrating Empirical Evidence on Factors That Influence Trust. S. 407-
434. 

Objective: We systematically review recent empirical research on factors that influence 
trust in automation to present a three-layered trust model that synthesizes existing 
knowledge. Background: Much of the existing research on factors that guide human-
automation interaction is centered around trust, a variable that often determines the 
willingness of human operators to rely on automation. Studies have utilized a variety of 
different automated systems in diverse experimental paradigms to identify factors that 
impact operators’ trust. Method: We performed a systematic review of empirical 
research on trust in automation from January 2002 to June 2013. Papers were deemed 
eligible only if they reported the results of a human-subjects experiment in which 
humans interacted with an automated system in order to achieve a goal. Additionally, a 
relationship between trust (or a trust-related behavior) and another variable had to be 
measured. All together, 101 total papers, containing 127 eligible studies, were included 
in the review. Results: Our analysis revealed three layers of variability in human–
automation trust (dispositional trust, situational trust, and learned trust), which we 
organize into a model. We propose design recommendations for creating trustworthy 
automation and identify environmental conditions that can affect the strength of the 
relationship between trust and reliance. Future research directions are also discussed for 
each layer of trust. Conclusion: Our three-layered trust model provides a new lens for 
conceptualizing the variability of trust in automation. Its structure can be applied to help 
guide future research and develop training interventions and design procedures that 
encourage appropriate trust. 

• Keywords: trust in automation, human–automation interaction, automated 
system, trust formation, reliance 

BIOMECHANICS, ANTHROPOMETRY, WORK PHYSIOLOGY 

Jay P. Mehta, Steven A. Lavender, Richard J. Jagacinski, and Carolyn M. 
Sommerich. Effects of Task Precision Demands on Behavioral and 
Physiological Changes During a Repetitive Asymmetric Lifting Activity. S. 
435-446. 

Objective: This study investigated the effects of task precision demands on behavioral 
and physiological changes during repetitive asymmetric lifting. Background: Repetitive 
lifting encountered in manual material handling leads to muscle fatigue and is a 
documented risk factor for low back disorder. Method: A total of 17 healthy volunteers 
performed repetitive asymmetric lifting for 60 min (10 lifts/min). Task precision demands 
were imposed by varying the entry width onto the destination conveyor. Physiological 
changes were assessed using near-infrared spectroscopy obtained from the erector 
spinae muscles. Three-dimensional spine kinematics and moment responses were 
quantified to understand behavioral changes during the lifting activity. Results: Task 
precision demands showed no effect on erector spinae muscle oxygenation levels. 
Behavioral changes associated with repetitive lifting included increases in the overall lift 
duration, peak forward bending motion, and three-dimensional movement velocities of 
the spine, along with a decrease in the lateral bending moment. Relative to low precision 
demands, high precision demands resulted in 20% longer placement periods, which, in 
turn, resulted in a 12% increase in the time-integrated twisting postures and a 10% 
increase in the time-integrated lateral bending moments during load placement. 
Conclusion: The elevated risk of low back injury when lifting under greater precision 
demands is likely due to the sustained spine twisting and the sustained lateral bending 
moment on the spine in the final phase of these lifts. Application: Understanding 



behavioral changes to repetitive asymmetric lifting, especially for tasks requiring greater 
precision can be used to support injury prevention efforts. 

• Keywords: manual materials handling, fatigue, kinematics, biomechanics, near-
infrared spectroscopy (NIRS) 

Amir Houshang Mehrparvar, Seyyed Jalil Mirmohammadi, Rahmatollah 
Hafezi, Mehrdad Mostaghaci, and Mohammad Hossein Davari. Static 
Anthropometric Dimensions in a Population of Iranian High School 
Students: Considering Ethnic Differences. S. 447-460. 

Background: Anthropometric dimensions of the end users should be measured in order 
to create a basis for manufacturing of different products. This study was designed to 
measure some static anthropometric dimensions in Iranian high school students, 
considering ethnic differences. Method: Nineteen static anthropometric dimensions of 
high school students were measured and compared among different Iranian ethnicities 
(Fars, Turk, Kurd, Lor, Baluch, and Arab) and different genders. Results: In this study, 
9,476 subjects (4,703 boys and 4,773 girls) ages 15 to 18 years in six ethnicities were 
assessed. The difference among ethnicities was statistically significant for all dimensions 
(p values < .001 for each dimension). Conclusion: This study showed statistically 
significant differences in 19 static anthropometric dimensions among high school 
students regarding gender, age, and ethnicity. 

• Keywords: anthropometry, anthropometric dimensions, ethnicity, high school 

Derek P. Zwambag and Stephen H. M. Brown. The Effect of Contralateral 
Submaximal Contraction on the Development of Biceps Brachii Muscle 
Fatigue. S-. 461-470. 

Objective: The aim of this study was to determine if a submaximal contraction in the 
contralateral limb affected the fatigability of the dominant limb. Background: Muscle 
fatigue is a known risk factor for musculoskeletal injury; however, it is unknown whether 
a submaximal contraction in the nondominant limb, such as for stabilizing a tool or load, 
affects the rate of development of fatigue, potentially increasing risk of injury. Current 
ergonomic assessments of injury risk do not involve consideration of submaximal 
contralateral demands. It was hypothesized that increased neuromuscular drive and 
active muscle mass during bilateral contractions would increase fatigability. 
Method: Twelve males isometrically maintained a 30% unilateral contraction and a 30% 
dominant + 15% nondominant bilateral contraction until failure on two different 
collection days, separated by 7 days. Results: No statistically significant differences 
were found for time to task failure (p = .6204), decrease in maximal force (p = .1698), 
or alterations in electromyography amplitude (p = .7223) or frequency (p = .3292) 
between unilateral and bilateral conditions. Conclusion: The hypothesis that the addition 
of a lesser submaximal isometric contraction would increase fatigability was rejected. 
Application: These findings indicate that in ergonomic settings, muscle fatigability can 
be estimated by the more demanding task and do not need to be complicated by lesser 
submaximal contractions in the opposing limb. 

• Keywords: ergonomics, bilateral fatigability, injury risk, muscle endurance 

COMMUNICATION 

Daniel J. Barber, Lauren E. Reinerman-Jones, and Gerald Matthews. 
Toward a Tactile Language for Human–Robot Interaction: Two Studies of 
Tacton Learning and Performance. S. 471-490. 



Objective: Two experiments were performed to investigate the feasibility for robot-to-
human communication of a tactile language using a lexicon of standardized tactons 
(tactile icons) within a sentence. Background: Improvements in autonomous systems 
technology and a growing demand within military operations are spurring interest in 
communication via vibrotactile displays. Tactile communication may become an 
important element of human–robot interaction (HRI), but it requires the development of 
messaging capabilities approaching the communication power of the speech and visual 
signals used in the military. Method: In Experiment 1 (N = 38), we trained participants 
to identify sets of directional, dynamic, and static tactons and tested performance and 
workload following training. In Experiment 2 (N = 76), we introduced an extended 
training procedure and tested participants’ ability to correctly identify two-tacton 
phrases. We also investigated the impact of multitasking on performance and workload. 
Individual difference factors were assessed. Results: Experiment 1 showed that 
participants found dynamic and static tactons difficult to learn, but the enhanced training 
procedure in Experiment 2 produced competency in performance for all tacton 
categories. Participants in the latter study also performed well on two-tacton phrases and 
when multitasking. However, some deficits in performance and elevation of workload 
were observed. Spatial ability predicted some aspects of performance in both studies. 
Conclusions: Participants may be trained to identify both single tactons and tacton 
phrases, demonstrating the feasibility of developing a tactile language for HRI. 
Application: Tactile communication may be incorporated into multi-modal 
communication systems for HRI. It also has potential for human–human communication 
in challenging environments. 

• Keywords: tactons, tactile communication, human–robot interaction, 
multitasking, workload 

HEALTH CARE/HEALTH SYSTEMS 

Sara J. Czaja, Christina Zarcadoolas, Wendy L. Vaughon, Chin Chin Lee, 
Maxine L. Rockoff, and Joslyn Levy. The Usability of Electronic Personal 
Health Record Systems for an Underserved Adult Population. S. 491-506. 

Objective: The goals of this study were to identify the demands associated with using 
electronic personal health records (PHRs) and to evaluate the ability of adults of lower 
socioeconomic status and low health literacy to use PHRs to perform health management 
activities. Background: PHRs are proliferating in clinical practices and health care 
organizations. These systems offer the potential of increasing the active involvement of 
patients in health self-management. However, little is known about the actual usability of 
these tools for health consumers. Method: We used task analysis and health literacy 
load analysis to identify the cognitive and literacy demands inherent in the use of PHRs 
and evaluated the usability of three currently available PHR systems with a sample of 54 
adults. Participants used the systems to perform tasks related to medication 
management, interpretation of lab/test results, and health maintenance. Data were also 
gathered on the participants’ perception of the potential value of using a PHR. 
Results: The results indicated that a majority of the participants had difficulty 
completing the tasks and needed assistance. There was some variability according to 
task and PHR system. However, most participants perceived the use of PHRs as valuable. 
Conclusions: Although considered a valuable tool by consumers, the use of PHR 
systems may be challenging for many people. Strategies are needed to enhance the 
usability of these systems, especially for people with low literacy, low health literacy, or 
limited technology skills. Application: The data from this study have implications for the 
design of PHRs. 

• Keywords: patient portal, electronic medical records, usability 

SENSORY AND PERCEPTUAL PROCESSES 



Jane H. Barrow and Carryl L. Baldwin. Individual Differences in Verbal-
Spatial Conflict in Rapid Spatial-Orientation Tasks. S. 507-522. 

Objective: The impact of interference from irrelevant spatial versus verbal cues is 
investigated in an auditory spatial Stroop task, and individual differences in navigation 
strategy are examined as a moderating factor. Background: Verbal-spatial cue conflict 
in the auditory modality has not been extensively studied, and yet the potential for such 
conflict can be high in certain settings, such as modern aircraft and automobile cockpits, 
where multiple warning systems and verbally delivered instructions may compete for the 
operator’s spatial attention. Method: Two studies are presented in which participants 
responded to either the semantic meaning or the spatial location of directional words, 
which were presented from congruent and incongruent locations. A subset was selected 
from the larger sample for additional analyses based on their navigation strategy. 
Results: Results demonstrated greater interference when participants were responding 
to the spatial location and thus attempting to ignore conflicting semantic information. 
Participants with a verbal navigation strategy paralleled this finding. Conversely, highly 
spatial navigators responded faster to spatially relevant information but did not show 
corresponding interference when trying to ignore spatial information. Conclusion: The 
findings suggest that people have fundamentally different approaches to the use of 
auditory spatial information that manifest at the early level of orienting toward a single 
word or sound. Application: When designing spatial information displays and warning 
systems, particularly those with an auditory component, designers should ensure that 
either verbal-directional or nonverbal-spatial information is utilized by all alerts to reduce 
interference. 

• Keywords: auditory spatial orienting, spatial-navigation strategies, Stroop 
paradigm, warning-systems, design individual differences 

Bing Wu, Roberta Klatzky, Randy Lee, Vikas Shivaprabhu, John Galeotti, 
Mel Siegel, Joel S. Schuman, Ralph Hollis, and George Stetten. 
Psychophysical Evaluation of Haptic Perception Under Augmentation by 
a Handheld Device. S. 523-537. 

Objective: This study investigated the effectiveness of force augmentation in haptic 
perception tasks. Background: Considerable engineering effort has been devoted to 
developing force augmented reality (AR) systems to assist users in delicate procedures 
like microsurgery. In contrast, far less has been done to characterize the behavioral 
outcomes of these systems, and no research has systematically examined the impact of 
sensory and perceptual processes on force augmentation effectiveness. Method: Using a 
handheld force magnifier as an exemplar haptic AR, we conducted three experiments to 
characterize its utility in the perception of force and stiffness. Experiments 1 and 2 
measured, respectively, the user’s ability to detect and differentiate weak force (<0.5 N) 
with or without the assistance of the device and compared it to direct perception. 
Experiment 3 examined the perception of stiffness through the force augmentation. 
Results: The user’s ability to detect and differentiate small forces was significantly 
improved by augmentation at both threshold and suprathreshold levels. The 
augmentation also enhanced stiffness perception. However, although perception of 
augmented forces matches that of the physical equivalent for weak forces, it falls off with 
increasing intensity. Conclusion: The loss in the effectiveness reflects the nature of 
sensory and perceptual processing. Such perceptual limitations should be taken into 
consideration in the design and development of haptic AR systems to maximize utility. 
Application: The findings provide useful information for building effective haptic AR 
systems, particularly for use in microsurgery. 

• Keywords: augmented reality, haptic interfaces, perceptual effectiveness, force 
perception, stiffness perception 


