PAGE  
1

TITLE:  FLIGHT DECK ENGINEERING: IMPACT OF FLIGHT DECK CREW ALERTING AND INFORMATION SYSTEMS ON ENGLISH AS A SECOND LANGUAGE FLIGHT CREW PERFORMANCE IN AIRLINE FLIGHT OPERATIONS
AUTHOR: Dujuan B. Sevillian- The Boeing Company and Cranfield University
AUTHOR: Steve Jarvis, PhD-Jarvis Bagshaw Ltd
AUTHOR: Miguel Silveria-University of Lusofona

AUTHOR: David A. Graeber, PhD-The Boeing Company
Manuscript Metrics: main text 5, 996 words; 968 words are on reference page; 245 words in Abstract; 0 tables; 0 figures; 43 References
Abstract
Flight Deck Crew Alerting Systems (FDCAS)—alert systems/Quick Reference Handbook (QRH) checklists are designed with an understanding of how to effectively integrate human capabilities with alert system complexities. There are large populations of English as a second language (ESL) flight crew members that operate western designed FDCAS, while conversing in an array of languages on the flight deck. Purpose of this study was to determine if ESL flight crew members’ performance was impacted by use of western built FDCAS in a simulated flight environment. Results indicated a significant difference between ESL flight crew performance using English written and Portuguese written QRHs. English written QRH workload scores and response times were both significantly lower than the Portuguese condition. For both English written QRH and Portuguese written QRH conditions, the correlation between ESL flight crew members’ workload scores and response time was statistically insignificant. An effect was found on ESL flight crew members' airline years of experience < 20 and workload scores using Portuguese written QRH. The ESL flight crew members with <20 years of experience that utilized Portuguese written QRH experienced higher workload.  The ESL flight crew members' with 20 or > years of experience had lower workload scores when utilizing Portuguese written QRH. The ESL flight crew members’ that primarily speak Portuguese on the flight deck, experienced higher workload utilizing English QRH checklist than the Portuguese written QRH checklist.
Key Words:  Aviation Safety, Language, Aircraft Accident Investigation Technical Documentation, Ethnography
I. Introduction:

Procedure divergence has been linked to native (English speaking) and non-native English as a second language (ESL) flight crew members use of English language in flight operations. On January 25, 1990, a Boeing 707 (operated by AVIANCA) crashed killing multiple passengers.  Scarcity of standardized and understandable terminology for pilots and controllers technical documentation was cited as a contributory factor to the crash (NTSB, 1993). The National Transportation Safety Board (NTSB) report also noted that the flight crew members were Spanish-speaking and the air traffic controllers were English speaking.  These language dissimilarities may have contributed to the accident (NTSB, 1993). Although communication between air traffic controllers and flight crew is important, utilization of English written technical documentation by ESL flight crew members on the flight deck is also important.  In order to ensure that human system interfaces are adequate, documentation should be consistent with human expectations and designed logically (Degani, Wiener, 1993). Effective flight crew communication and adequate use of checklists can impact performance on the flight deck (Ornato and Peberdy 2014). On the flight deck, “aircraft crews develop confidence in their communication techniques and command of necessary language” (Young and Stanton, 2006 p.14).  The FAA (1996) found that ESL flight crew members communication barriers may lead to misinterpretations in system feedback (e.g. warning, caution, and advisories) and technical documentation.
I a. Communication barriers and related accidents:


Language based communication barriers are influential factors that may confuse and delay understanding, or cause a flight crew member to make an undesirable decision on the flight deck. In 1993, Chinese flight crew members’ crashed an MD-80 aircraft, killing several passengers. A factor that may have contributed to the cause of the crash of China Northern flight 6901 was the flight crew members’ misunderstanding of the aural warning from the Ground Proximity Warning System (GPWS). According to the report, the pilot did not understand the meaning of “pull up” (Laird, 2006). The ICAO has often stated “there are three distinct roles of language as a factor in aviation accidents and incidents [they are:] use of phraseologies, proficiency in plain language, and the use of more than one language” (ICAO, 2004, xii). Additionally, ICAO noted that in “accidents investigated by the NTSB, insufficient language proficiency on part of the flight crew or controller had played a contributing role in the chain of events leading to the accident” (ICAO, 2004, 1-1). There could be a difference in ESL flight crew members interaction regarding flight deck crew alerting and information systems in flight crew operations, based on flight crew members English language proficiency. This research will analyze ESL flight crew members performance in non-normal conditions while using documentation to solve aircraft system issues.
II. Literature Review
Technical documentation and information on displays serve as artifacts of information utilized to perform various tasks (e.g. normal and non-normal checklist tasks) on the flight deck.  Although technical documentation and information on displays support flight crew missions, it is important that design and integration of technical information affords adequate communication.  This is especially paramount when considering language factors that may impact ESL flight crew members communication on the flight deck.  Fundamentally, it is critical to understand how technical documentation and displayed information impact flight crew communication.
II a. Interpretations of English language in socio-technical environments 
Core skills such as ability to read, write, speak, comprehend, and utilization of English in contextual environments can be challenging to ESL learners. According to Neuroscience and Behavioral Health NBH (2004), there are three forms of literacy:  print, text, and functional.  Basic print literacy encompasses ability to read, write, and understand written language with respect to subject knowledge.  Text literacy is characterized as ability to understand format of information as well as written text intricacies.  Functional literacy is ability to utilize information to complete a task in a contextual environment. Bigelow & Swarz (2010) have reiterated that lacking fundamentals of print literacy can cause challenges with interpretation of English language. Use of English language and language proficiency may be deeply rooted in way of life. Inadequate formal schooling, regional economic structure, inadequate pedagogical approaches to teaching, and inability to decode and encode the English language, are considered barriers, which may impact English language proficiency (Bigelow & Swarz, 2010). It is important to understand how English language may be utilized and various challenges that impact application of English language.  
Empirical literature indicates that utilization of paper and informational data on displays are considered communication devices.  Interpretation of paper documentation, comprehension of displayed information, and communication with others are factors that influence human performance. Documentation format and communication of the English language are also considered influential factors. Variables that influence the ability to interpret paper documentation include presentation of text, and context comprehension. Ambiguities with pseudo-words such as acronyms or abbreviations may be easy to read within the context of literature when the language is familiar to the reader (English language and English technical language).  However, “readers easily forget what the author’s abbreviation or [acronyms] stand for when they are not familiar with the material, and when they come from a different country” (Hartley, 1994, 928). According to Dyson (2004) typographical variables such as configuration of data and text size may impact perception of information on paper. Mangen (et al. 2013, 66) stated that with respect to linear text on paper, “fixity of text printed on paper supports reader’s construction of the spatial representation of the text by providing unequivocal and fixed spatial cues for text memory and recall”.  
Eye behavior aids in spatial encoding by “serving as a guide to backwards saccades which are sometimes used to resolve language difficulties; when a syntactic or referential difficulty is encountered in a sentence, the eye is capable of backtracking via a single large saccade to the exact area in the sentence to resolve ambiguity” (Baccino and Pynte, 1998, 51).  
Reading speed/rate may impact the ability to comprehend information.  Comprehension involves identifying language attributes in text, which may be in line with readers’ expectations to extract meaning (Maltese et al., 2012). A study conducted by Dyson and Haselgrove (2000) focused on the ability to detect differences in reading rates per character line length, with an emphasis on normal and speed-reading.  It was noted that longer lengths of text (100 characters per line) impact comprehension scores negatively, whereas 55 characters per line resulted in adequate comprehension scores. The study also revealed that the speed at which the participant read the text was not correlated with the ability to comprehend the lengths of text (55 or 100 per line).  
An examination of reading comprehension conducted by Rice (1994) using two different measurement attributes focused on comprehension of 142 words.  The first attribute was text recall and second was a highlighting task.  The study revealed that presentation of information did not impact the ability to recall information (paper-or display-based).  The highlighting task, also considered the interactive mode, revealed that presentation of text on paper is easier to comprehend than information on a display.  Sentence length may have an impact on the human memory system.  In particular, Hartley (2004) stated that longer sentences, due to their subordinate clauses, and at times parenthetical phrases increase the complexity of understanding. On the contrary, shorter sentences do not seem to overload the human memory system.  Digital format on screens have the potential to negatively impact comprehension. 
A study conducted by Dyson and Haselgrove (2000) discussed time pressure related to task completion.  Time pressure was considered an attribute that negatively impact reading speed and comprehension.  Specifically, the ability to locate information on a display, eye movements, and interruptions with reading information can negatively impact reading, concentration, and comprehension of information from displays.  These factors may also be attributed to reading long character lengths.  An additional study focused primarily on accuracy of comprehending information.  The study compared speed-reading versus normal reading and the impact on word recognition.  The results indicated that specific statements or common words at a normal reading rate were more accurate than speed-reading (Dyson and Haselgrove, 2000).  Visual ergonomics (e.g. screen quality/text quality) associated with locating information on a display can negatively and positively impact information access as well as comprehension (Holzinger et al., 2011). 
II b. English language and communication quality in socio-technical environments 
The following factors may influence the quality of communication:  utilization of phraseologies, pronunciation of words, translation of sentences, and comprehension of text.  These factors may be utilized to solve technical problems in various scenarios.  Scenarios may be related to communication of technical situations with others, and decision-making processes in a team environment.  According to Mathews-Aydinli (2007, 1) problem solving can be grouped into four distinct categories as follows:  “being introduced to the problem, exploring what they do and do not know about the problem, generating possible solutions to the problem, and considering the consequences of each solution and selecting the most viable solution”.  According to Tabors (2004), there are many challenges to learning English as a second language.  Both linguistic and cultural diversity have an effect on the ability to learn English as a second language, especially in the classroom. 
People with various linguistic backgrounds speak English language and communicate technical problems. If adults working together on a task experience linguistic challenges (linguistic skills of one group are stronger than the other), it may be beneficial to find solutions to those differences.  Solutions may be grouping inadequate and adequate linguistic qualities, so that each group understands the challenges of both.  These challenges may be related to utilization of use of acronyms, understanding sentence structure, literacy, and the ability to solve problems (Mathews-Aydinli, 2007).  Non-native English speakers using English as a second language may have an impact on literacy and communication with others from the early stages of learning and development to adulthood.  It is also a factor that influences the ability to perform work in the socio-technical systems domain.  The aforementioned language factors are prevalent in the aviation industry.  Flight crew performance related research addresses ESL flight crew members’ communication on the flight deck operational environment.  
Research conducted by Holder, Hutchins, & Nomura (2002a) consisted of a multicultural study that addressed use of paper on the flight deck, and the impact of electronic communication methods. Their study provided several observations regarding multicultural flight crew members, and their ability to augment their cognitive abilities with the use of new electronic technologies and paper-based communication.  They compared how often paper is utilized on the flight deck to communicate and how new technologies such as electronic flight bags enhance communication practices.  One of their conclusions stated that written communication may seem more adequate than spoken communication.  However, it must be realized that the type of communication (written/spoken) and the comprehension of that communication, may be dependent upon the regional language and cultural differences.  Addressing multi-linguistic differences may provide key patterns regarding the impact of regional language on flight crew performance. 
II c. English language and Air Traffic Control Communications

The FAA conducted a series of comprehensive studies that pertained to language and the impact on communication between flight crew members and air traffic controllers. In particular, these studies focused on ESL and instances where English was not the native language. One study included “12 pilots, each representing American, Continental, Delta, and United Airlines, for a total of 48 airline transport pilots” (Prinzo, 2008, v).  According to Prinzo’s (2008) study, “Language proficiency includes pronunciation, structure, vocabulary, fluency, comprehension, and interaction.  Pronunciation and fluency were primary factors that affected the ease of understanding, intelligibility, and comprehension of [speech]” (Prinzo, 2008, v).  
Misunderstandings, such as word clauses, could affect operational conditions. For example, if a pilot recognizes a low speed indication on the primary flight display, the pilot needs to understand the language of the printed text (normally illustrated in English) and be able to disseminate the information verbally about the issue to other flight crew members and air traffic controllers. Another example is warnings and cautions that may be illuminated within the flight deck relating to a system issue. Consistency in English language characteristics in printed text (e.g., illumination of a text warning sign, and checklist information) becomes important when troubleshooting the issue. Evaluating a system synoptic (in English) to understand why the warning was illuminated could affect the way in which the information is depicted to air traffic controllers.  There were also results that discussed the impact of pronunciation on communication. For example,

How often during a flight do [pilots] experience problems related to word meanings? According to the results, 58% of the pilots reported they rarely experienced problems related to word meanings, while another 33% reported they occasionally experienced problems. Only 8% indicated they frequently experienced problems. (Prinzo, 2010, 3)

How often during a flight do [pilots] experience problems related to how words are pronounced? According to the results, 21% rarely experienced problems with how words were pronounced, 42% occasionally experienced problems, and 6% often experienced problems (Prinzo, 2010, 5).

Prinzo’s (2008) multiple studies of factors influencing communication between native, ESL flight crew members, and air-traffic control, provides a framework for describing factors influencing communication challenges amongst ESL flight crew members.  Although Prinzo’s (2008) studies addressed multiple factors that influence communication on the flight deck and with ATC, the decision-making processes regarding FDCAS was not investigated.  System malfunctions/failures and flight path related issues have the potential to impact flight crew performance. 
Review of literature has indicated that use of English written technical documentation, comprehension and communication of English language between ESL flight crew members, have the potential to negatively impact flight safety and crew performance.  Research is needed to understand the impact that English language barriers may have on use of FDCAS by ESL flight crew members.  Although ICAO’s English Language Proficiency Requirements (ELPRs) address English speaking abilities and comprehension, it is important to provide a more concrete understanding of the impact of English language use by ESL flight crew members on the flight deck.  Therefore, the following six focal points should be addressed regarding impact of English language use by ESL flight crew members while using FDCAS: 
· ESL flight crew members interface with FDCAS architecture (e.g. information on displays and technical information)
· Communication of written technical English by ESL flight crew members and their interface with FDCAS 
· ESL flight crew members native language utilization while addressing crew alerts

· ESL flight crew members spoken English proficiency regarding normal and non-normal conditions

· Initial communication between ESL flight crew members regarding system and flight path related warnings, cautions, and advisories 

· Decision making process between ESL flight crew members regarding response to FDCAS and communication among ESL flight crew members
Research Methods
The literature suggested that there could be a difference in English as a second language (ESL) flight crew members interaction on the utilization of flight deck crew alerting and information systems in flight crew operations, based on flight crew members English language proficiency.  Therefore, it was hypothesized that there could be a difference in performance using English language and flight crew members native language. It was expected that response time, errors of omission and commission, and workload would differ as a function of QRH written language on the following basis:
· Electrical and hydraulic system malfunctions/failures on the Electronic Centralized Aircraft Monitor (ECAM) and use of English written technical documentation via the QRH 

· Electrical and hydraulic system malfunctions/failures on the ECAM and use of Portuguese written/translated technical documentation via the QRH 

· It was expected that ESL flight crew members that utilize a QRH translated in Portuguese language will have a faster response time with electrical and hydraulic system crew alerts and ESL flight crew members that utilize a QRH written in English will have a slower response time during the trials. 

· It was expected that ESL flight crew members workload (temporal demand, physical demand, frustration, mental demand, effort, and performance will be high using the English QRH checklist during the trials. 

· It was expected that ESL flight crew members workload (temporal demand, physical demand, frustration, mental demand, effort, and performance will be low using the Portuguese QRH checklist during the trials. 
· It was expected that ESL flight crew members omission and commission of English written QRH procedures would be greater than the Portuguese condition.

This research experiment featured a within subjects experimental design which included 30 Portuguese ESL flight crew members’ (n=30) with air transport pilot ratings. Prior to the start of the trials, participants were provided a 30-minute overview of the simulated A320 flight deck software interface and flight controls. Participants piloted an A320 simulated flight deck for 30 minutes while the researcher injected electrical and hydraulic system failures. The type of failure was determined by reviewing system safety data related to system failure modes. All failures were simulated during cruise phase of flight. 
Dependent variables included participants’ response time, errors of omission and commission, and NASA TLX workload scores.  The independent variable was language with two conditions: English written QRH and Portuguese written QRH.  The control group was English written QRH and the experimental group was Portuguese written QRH. 
A post experiment 30-minute interview was performed posing three questions related to use of the English written QRH and Portuguese written QRH. Themes were coded using ‘grounded theory’ (Strauss and Corbin, 1997).
Population 
Portuguese resident male ESL flight crew members who fluently spoke Portuguese were utilized for the study.  There were 27 males ranked captain and three-ranked first officer.  The average age was 50 years old and the youngest age was 25 years old.  No female Portuguese ESL flight crew members were available for the study. No specific flight hours were required for the study, although the participants had valid air transport category ratings and flight hours in the A320, as well as other aircrafts (e.g. A330, A340) in the Airbus family. All ESL flight crew members had at least an English language proficiency level of 4 (operational per ICAO standards).  Last, all ESL flight crew members had traditional flight training and Advanced Qualification Program (AQP) flight training at their airline.
Use of Human Subjects (Ethics)

“This study protocol was approved in advance by Cranfield University.  Each participant was provided written informed consent before participating”.
VII. Reliability
To prevent experimenter bias interpreting qualitative data, the researcher completed an additional inter-rater reliability study. This analysis was conducted to ensure the researcher did not inappropriately interpret how well ESL flight crew members performed. Two human factors experts with experience in flight deck engineering participated in the inter-rater reliability study performing a matching exercise using a post-trial interview with an analysis of related themes. Themes were deemed acceptable based on review from technical experts. According to the experts, the researcher’s method of analyses for collecting flight crew member performance data was deemed logical. The results from the analyses represented the current challenges on use of technical documentation by ESL flight crew members on the flight deck. 
VIII Results
Results of the experiment support the researcher’s experimental hypothesis.  There is a difference in performance when using either QRH checklists.  It was expected that ESL flight crew members utilizing a Portuguese written QRH would have a faster response time with electrical and hydraulic system failure crew alerts, and ESL flight crew members utilizing an English written QRH would have slower response times during the trials. However, it is not deemed that there is sufficient weight of literary evidence to justify a one-tailed test. Therefore the hypothesis remains a two-tailed test.

The Portuguese translated QRH checklists were more difficult to read, interpret, and perform the QRH checklist tasks during the experiment. Workload ratings and response times were analyzed for both experimental conditions (English written QRH and Portuguese written QRH) Paired sample t-test on workload scores yielded a statistically significant difference t=-3.803 (sig.=. 049), (sig 2 tailed= .001).  Response time was also analyzed using a paired sample t-test resulting in a statistically significant finding of t=4.947 (sig.=. 695), (sig 2 tailed= .000). A Pearson correlation test conveyed that there was no significance correlation between English workload and English response time (.150 and .428)/(.158 and .404) respectively. There was no significance correlation between Portuguese workload and Portuguese response time. Additionally, the researcher utilized an independent samples t-test and found an effect on workload scores for participants with less than 20 years of experience when using Portuguese written QRH. The ESL flight crew members with less than 20 years experience at the airline that utilized the Portuguese translated checklist experienced higher workload. The ESL flight crew members with 20 or greater years of experience had lower workload scores. Independent samples t-test was performed regarding Portuguese workload score and language primarily utilized on the flight deck (Portuguese or English). It was determined that assuming equal variances the researcher confidently rejected the null hypothesis since there was a significance factor of .046 and the means are insufficient. Errors of omission and commission were analyzed for both experimental conditions but there was not significance found.
VIIII a. Discussion
The experiment concluded that ESL flight crew members’ workload, time to respond to failures and comprehension of technical information was negatively impacted when using technical documentation that had been translated into their native language (Portuguese). This finding is contrary to the experimental hypothesis. Results strongly suggest that ESL flight crew find English written technical documentation easier to interpret in the flight deck context than their own language. 
Subsequent research should address the use of English language in checklists and measuring ESL flight crew members’ performance.  Since English is standard for ICAO, it would also be appropriate to continue use of English language to communicate on the flight deck, especially when using English written technical documentation in non-normal conditions.  According to Holder, et.al, 2002, p.4, “Japanese [nationality] find written English easier to understand than spoken English”.
The analyses also disclosed many different but unique themes through the coding analyses that were conducted. Some themes appear to be relevant with past research that was conducted by various scientists (discussed in the literature review), while other themes appear to be novel. 

One theme was ‘Interpretation of translation and word meaning on Portuguese checklist’. Although the QRH checklist (electrical/hydraulic) was translated by native Portuguese expert (chief pilot and ALPA President) flight crew members, the Portuguese translated checklist confused flight crew members and negatively impacted workload. According to the interviews conducted during the experiment, many of the word meanings cannot be translated from English to Portuguese adequately. “For example, if a warning text and subsequent information regarding the warning (synoptic related) is present on the EICAS display, and the flight crew member translates the word warning (and associated information) in a different language, there could be an impact how the information was interpreted (Wogalter and Silver, 1995) and (Sevillian and Jarvis, 2013 pg. 522). Scientists Jakimik, Cole et.al (1985) indicated processing language of another speaker involves deciphering an incoming message and the accessibility of words in the mental vocabulary. It may be difficult to connect the meaning of a word to a situation (Jakimik, Cole, and Rudnicky (1985). But, it should also be emphasized that written communication on a checklist can cause word meaning challenges. Connection of word meaning on the Portuguese translated QRH checklist was noted as a challenge in the experiment trials. Translation of words from English to Portuguese was exacerbated by the use of technical terms to solve system related failures. Time to respond to system malfunctions/failures was longer due to the inability for ESL flight crew members to understand the translation of the technical words (15/30 ESL flight crew members indicated that this was an impact to their performance as well as 9/30 indicated that ‘text literacy’ was a challenge while reading technical words. Research conducted by Prinzo (2010), featured a population of 48 U.S. pilots, and indicated during multilingual communication with ATCs, U.S. pilots “experienced problems related to word meanings—33% reported they occasionally experienced problems. Only 8% indicated they frequently experienced problems” (Prinzo, 2010 pg. 6). “In non-normal conditions, non-standard terminologies may be utilized as a result of the condition, and this may have an impact on situation awareness and subsequently crew workload (e.g., emergencies)” (Sevillian and Jarvis, 2013, pg. 500). Even though Prinzo’s research is focused on ATCs, it is useful for describing the fundamental issues with communication. Additional research focused on the impact of technical non-standard word use by ESL flight crew members on the flight deck is needed to understand the impact on flight crew operations in non-normal conditions.

‘Portuguese print and functional literacy issues’, with respect to reading ability, comprehension of Portuguese written language, and performance of QRH non-normal tasks was documented as a challenge in various narratives. There were 10/30 Portuguese flight crew members that indicated print literacy, whereas 7/30 noted functional literacy challenges with respect to the Portuguese translated QRH checklist. During the experiment, many flight crew members discussed the inability to understand technical terms while reading the QRH task. It was also stated by flight crew members that they were not accustomed to many of the technical words since they were trained on reading English language. Fundamentally, Dillion (1992), Dyson & Haelgrove (2000), and Seidenberg (1995) discussed, comprehension can be impacted by the accuracy of interpretation of technical data. Only 2/30 flight crew members indicated that ‘Portuguese technical language misinterpretation’ was a factor that caused them to misread data on the checklist. Portuguese flight crew members indicated that mistakes were not obvious until they had to re-read technical information on the QRH checklist. There were 3/30 flight crew members that indicated ‘Portuguese technical information translation issues’. Portuguese flight crew members stated during the experiment that since there were difficulties with understanding Portuguese written text such as acronyms and technical phrases. They translated what they thought was the interpretation in to their own words. This unilateral translation caused many flight crew members to further confuse themselves, which impacted their ability to perform the task.  This finding is consistent with the work of Hartley (1994) and Bigelow & Swarz (2010) who found that complexity of technical English language with respect to acronym use is challenging to ESL adults. Technical information such as a QRH may be translated into the flight crew members language, however, there are some parts that cannot be translated. “Strings of characters that name the procedure cannot be translated because translation would destroy the correspondence between the form of the message and the form of the procedure name.” (Holder et al. 2002, 5) and (Sevillian and Jarvis, 2013 pg. 522). On the contrary, how does translation of a native language such as Portuguese acronyms or phrases impact interpretation? It appears that translation of words, phrases, or other technical data in a different language can be challenging and impact performance. Additionally, how does this impact the ability to perform a task using flight deck crew alerting and information systems? According to data collected from the Portuguese flight crew study, there were 6/30 flight crew members that indicated ‘Portuguese language technical word association and syntax semantics challenges on checklist with flight deck interface’ was a factor that influenced their ability to make important inputs on the flight deck crew alerting system. Flight crew members stated that when reading the checklist, they noticed they had difficulties associating the words (Portuguese written) on the checklist with the words and arrangement of wording on the flight deck (English written). Since the flight deck is designed with English language characteristics, associating the checklist (written in Portuguese) impacted their mental model. According to Federmeier & Kutas, 1999; Meyer & Federmeier, 2007), experience with words and phrases utilized in the past create a mental model for people to use in the future. In other words, familiarity with semantics utilized in the past to perform tasks helps people with completing future tasks (Gilhooly and Logie, 1982; Kreuz, 1987). There were also instances when the checklist abbreviations, words, or phrases were in ‘ALL CAPS’ but the flight deck showed them in ‘lower case’. The design of the words and association on the flight deck are important and if not designed adequately could impact word meaning. According to Laughery, Vaubel, Young et.al (1993), another factor that may impact language is whether a warning is ‘ALL CAPS’ or lower case; depending on the word, it could change the meaning. Mangen (2013), stated research has been conducted on the effects of “reading comprehension of print and computer mediated texts (e.g. definitions of key concepts, access to background information; technical features of layout and organization)” (Mangen et al. 2013 p. 62). As a result of difficulties utilizing the checklist translated in Portuguese, flight crew members experienced ‘reverting back to English language to solve checklist/flight deck electrical/hydraulic system problem’. Participants (2/30) stated that when they did not understand a Portuguese translated word, acronym, or phrase, they immediately translated it back in to English. They also stated that when starting the checklist they immediately started translating each word in to English. Reverting back to English while utilizing a Portuguese checklist increased flight crew members workload. Mental demand and temporal demand were noted as workload drivers during the task. Many of the translations back to English language may be a result of training at the airline and use of English language in flight operations. ‘Misdiagnosis of system issue due to misinterpretation of Portuguese checklist leads to increased time to respond to failure’ was noted as a precursor long response times. There were few Portuguese flight crew members that indicated misdiagnosis of English translated QRH. On the contrary, 7/30 Portuguese flight crew members indicated that misdiagnosis of hydraulic/electrical system failures, using the Portuguese translated QRH caused them to experience high mental demands. According to Wogalter, Frederick, Magurno, and Hcrrera (1997) perception and comprehension of warning signals may be different depending on the language characteristics and may lead to misdiagnosis of the warning. For example, the term ‘ALERT’ on an ECAM system or QRH in English may be perceived different with Spanish speaking people. Spanish speakers may interpret ‘ALERT’ as ‘ALERTA’; whereas a Turkish speaker may interpret ‘ALERT’ as ‘UYARI’ (Han & Shavit, 1994; Shade, 1989). Although 3/30 participants indicated ‘Errors of omission due to misinterpretation of Portuguese language on checklist’ many of the flight crew members indicated that omission errors led to leaving out critical safety information on the checklist. Often during the trials Portuguese flight crew members would omit information on the checklist. Omissions, led to incorrect inputs on the flight deck and re-assessments of the failure conditions. For example, hydraulic pumps were turned OFF when they should have remained ON. According to the data collected they the pumps were turned off because of an omission of a portion of the procedure. It was determined that any omission of the procedure would impact the flight crew members ability to execute and make adequate decisions on the flight deck. ‘ESL flight crew members inadequate English proficiency and use of English checklist issues’ (2/30) was noted as an issue that impacted interpretation of the English translated checklist. Interestingly, there were few participants that indicated issues (reading and comprehension) using the English checklist. Workload was considered low for use of English written checklist. However, few flight crew members that indicated issues, documented lower English language proficiency levels (less than L4) on their demographics data sheet even though they are certified L4s.  Many of the participants indicated that ICAO granted them a L4 but they feel sometimes that they perform less skilled than the ICAO standard. Researchers Bigelow & Swarz (2010) have reiterated that lacking fundamentals of print literacy can cause challenges with interpretation of English language. Unfamiliar terminology utilized on the Portuguese translated checklist was deemed a challenge to participants. There were 19/30 participants that described ‘Time challenges to respond to problem and workload or Physical Demand or mental demand’ as a significant workload driver during the trials. The Portuguese written checklist was time consuming according to NASA TLX scores. This finding supports many of the aforementioned scientists theories. Prinzo’s (2010) study that focused on ATC workload and interpretation of ATC messages indicated longer response times as well.
Based on results from the researcher’s studies and experiment, it can be concluded that use of flight deck crew alerting and information systems impact ESL flight crew members’ performance with respect to utilization of a particular language. Checklist language can negatively impact decision-making processes on the flight deck. Subsequently, further research is needed to understand impact of technical documentation (e.g. checklist language) on ESL flight crew members’ performance. If there is interest in making changes on the flight deck with respect to crew alerting and information systems, there must be a focus on other nationalities.  There may be additional factors that influence regional nationalities interpretation and use of English language and non-English languages on the flight deck. These interpretations may impact ESL flight crew members’ performance—therefore more research is warranted.
X. Recommendations, Conclusions, and future research directions
Establishing new methods to investigate the impact of technical written procedures in training manuals, ESL flight crew member non-normal conditions response time, workload, simplified technical English in manuals, and ESL flight crew member situation awareness is imperative.  Research should focus on developing systems that help reduce errors in ESL flight crew judgment and increase the adequacy of compatibility while utilizing FDCAS.  
As technology becomes more advanced, a constant focus on multicultural factors is paramount.  Research on use of English language by ESL flight crew members during normal and non-normal conditions is imperative.  On the other hand, more research is needed that focuses on regional language use (e.g. Chinese, Mandarin) by ESL flight crew members during non-normal conditions.  Understanding differences in interpretation of language by ESL flight crew members, and use of a native language (s) on the flight deck may provide the industry with a clear understanding of the need to design requirements and systems that are compatible for ESL flight crew members.
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