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Abstract 

Sign language interpreters (SLI) provide a vital service to the deaf community but also experience 

high levels of pain and suffer from career threatening musculoskeletal disorders. Balancing work 

and rest (recovery) may be a useful intervention to help address these concerns. This thesis 

addresses two specific questions, parsed out of a larger study seeking to determine ideal work to 

rest ratios for sign language interpreting. The aims of this specific body of work were to evaluate 

sign language interpreters (SLIs) perceptions of the mental and physical demands associated with 

different work to rest ratios; and, to measure kinematics during signing, comparing kinematic 

outcomes between novice and experienced SLIs and over time using the work to rest ratio that 

was perceived as the least demanding (as identified in aim 1). 

 Nine novice and nine experienced interpreters participated in the study, each interpreting 

the same ten hours of a university level lecture, over the course of six visits to the laboratory. 

During each session interpreters worked (“hands in the air”) for 60 minutes, but used a different 

work to rest strategy in each session. These strategies ranged from 10-minute work, 10-minute 

rest, to 60 minutes of continuous work with no rest. During each session, participants were 

instrumented with motion capture and electromyography sensors while interpreting in a simulated 

working environment. In addition, SLIs were asked to provide feedback about their perceptions 

of the mental and physical demands associated with each session. The first study in this thesis 

reports on participant’s subjective feedback about the six different sessions (paper #1); where 

participants identified the 15-minute work to rest ratio as ideal.  The second paper reports on 

kinematic data from this perceived ideal work to rest ratio (paper #2). Despite interpreting in a 

work to rest ratio that SLIs perceived as ideal, kinematic variables with known associations to 

injury risk (joint position, velocity, micro-breaks) readily exceeded reported thresholds.  
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Chapter 1 

Introduction 

Sign language interpreters (SLI) facilitate communication between deaf and non-deaf people 

through the production of physical signs and gestures. These gestures require a number of 

coordinated movements of the upper limbs, often at rates higher than those observed in materials 

handling industries (Shealy et al., 1991; Feuerstein et al., 1991; Qin et al., 2008), potentially 

increasing their risk of musculoskeletal disorders (MSD). A recent survey of Canadian 

interpreters found that nearly 40% of SLIs registered with the Association of Visual Language 

Interpreters of Canada (AVLIC) have been previously diagnosed with carpal tunnel, thoracic 

outlet syndrome, arthritis, or tendonitis (Fischer & Woodcock, 2007).  

Sign language interpreting is a very physically and cognitively demanding task, which 

poses several challenges to ergonomists trying to intervene to reduce risks. Many factors likely 

contribute to MSD in SLI, including the high pace of work (dependent on the pace of the 

speaker), high mechanical exposures (i.e. frequent and repetitive wrist motions over time), 

extended/increased ROM, and the presence of stressful situations (for example interpreting in a 

medical or legal context) (Fischer et al, 2012; Fischer & Woodcock, 2012, Feuerstein et al, 1997). 

However, unlike traditional manufacturing work, common engineering controls such as 

restricting range of motion, reducing or eliminating at risk postures, or the use of mechanical 

assist devices, can’t be used. Many of the high risk movements required in sign language 

interpretation can’t be modified without also altering the meaning or creating a linguistic impact 

on the message being delivered. When faced with similar challenges in the context of 

manufacturing work, Konz (1998a) suggested that administrative controls might be more 
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appropriate, where more frequent rest breaks throughout work could be used to help reduce total 

exposure times and ultimately risk. In a more exhaustive review, Konz (1998b) also examined 

and suggested the potential benefits of work to rest ratios in other forms of work. With reference 

to interpreting, preliminary evidence suggests that interpreters with pain experience fewer 

moments of rest per minute of interpreting (micro-breaks), and are also exposed to more 

hand/wrist deviations and a higher rate of motion (DeCaro et al., 1992; Feuerstein et al., 1992), 

which may predispose injury. 

Overall, there is limited research on the mechanics of sign language interpreting, and no 

research available to investigate if or how work to rest ratios may help or hinder interpreters. The 

task of interpreting is unique in its combination of both physical and cognitive demands and 

needs more targeted investigation if we expect to impact on the rate of MSD amongst SLI 

(Delisle et al., 2005, Delisle et al., 2007, Fischer et al., 2012, Qin et al., 2008). SLI must 

simultaneously translate spoken language into a different physical, signed language under 

externally controlled time pressures. This takes a great deal of focus and concentration, which can 

lead to increased psychological stress and injury. This is important not only for the economic and 

personal costs to interpreters but to the community they serve as well. With less SLI able to work 

due to injury deaf people will have less ability to be accommodated during common life events 

including medical exams, job interviews, job specific training, etc. In an effort to intervene to 

maintain a vibrant profession of SLIs, this thesis is focused on two issues: identifying a preferred 

work to rest ratio on the basis of subjective feedback from SLIs; and on investigating the 

kinematics of SLIs when interpreting in this preferred work to rest ratio.  This thesis also aims to 

investigate how experience affects kinematics when signing in this preferred work to rest ratio.   
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1.1 Research Program 

Data for this thesis were gathered while completing an overarching research project. This 

comprehensive project aimed to investigate if and how experience and work to rest ratios affect 

kinematics, perceived demand, sign quality (from video) and muscle activity (muscle fatigue) 

when signing in a simulated lecture setting (Figure 1). Six work to rest ratios were investigated, 

where those ratios were selected to represent a range of currently used and familiar ratios (Table 

1). Eighteen healthy SLI, categorized by experience level, participated where each interpreted for 

a total of 60 minutes (hands-in-the-air) using each of the six work to rest ratios. SLI were asked to 

interpret familiar, yet challenging material about human relationships delivered at a university 

level. A video recording of the lecture was played for the duration of the interpreting session.  
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Figure 1 Flow chart highlighting how the overall project was developed including overview 

of outcome measures. Note that manuscripts 1 & 2 in this thesis pertain to psychophysical 

data from all work to rest ratios and the kinematic data from the perceived ideal ratio 
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Table 1 Work to rest ratios based on common schedules used by interpreters 

Work (W) Rest (R) durations in minutes 
Total time  

work & rest Scenario represented 

A 

10W, 10R, 10W, 10R, 10W, 10R, 10W, 

10R, 10W, 10R, 10W 110 
Baseline work to rest schedule likely 

to have minimal physical fatigue 

B 15W, 15R, 15W, 15R, 15W, 15R, 15W 105 Common work to rest schedule 

C 20W, 20R, 20W, 20R, 20W 100 Common work to rest schedule 

D 20W, 40R, 20W, 40R, 20W 140 
Idealized work to rest schedule for 

demanding material 

E 30W, 30R, 30W 90 Common work to rest schedule 

F 60W  60 
Solo appointment typical of 

institutional appointment ex. Lecture 

Note: Each protocol totals 60 minutes of “hands in the air” sign production 

To better simulate the typical working environment familiar to most interpreters, a mock 

client profile, lecture material, and a prerecorded teammate (referred to as a teamer in the SLI 

community) were also provided. Considering the complex and dynamic environment in which 

SLI work and the many external factors that can impact them, it was decided that the best way to 

control for these factors was to replicate the environment in a laboratory setting. Several outcome 

measures were recorded to help inform our understanding of the physical and psychophysical 

aspects of interpreting (Figure 1).  These measures included: muscle activity, wrist and elbow 

joint kinematics, video recording (to evaluate sign / message quality) and qualitative-based 

psychophysical data, where all data were collected as SLI interpreted in each of the six work to 

rest ratios. Each of these outcome measures is briefly introduced below. 

1.1.1 Psychophysical Data 

Pre- and post-performance debriefing was conducted in each session. Structured and unstructured 

inquiry was requested regarding physical and mental demand, fatigue, difficulty, perception of 

pace in addition to soliciting for comments related to specific challenging elements of the content, 

format, work-rest schedule, or other factors. Structured inquiry took the form of a debrief 

questionnaire (See appendix E) which was loosely based on the NASA Task Load Index (NASA-
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TLX), a tool used widely in human factors research (Hart, 2006). After completing the sixth 

session (work to rest ratio), interpreters were also asked to rank the six work to rest schedules in 

order of difficulty, and identify which of the lecturers was harder to interpret. These data were 

analyzed descriptively for mean and range, and by experience level and are reported on in study 1 

of this thesis. 

1.1.2 Kinematic Data 

An electromagnetic motion capture system, Fastrak™ (Polhemus, Colchester, VT, USA), was 

used to record 3D positions and orientations. Electromagnetic sensors were placed at the 

approximate center of mass on the posterior aspect of the right and left hands, forearms and upper 

arm segments. To provide a reference measurement to indicate neutral wrist and elbow postures, 

a 5-second recording was obtained before and after each work session. Participants were 

instructed to stand upright in a neutral standing anatomical position. Kinematic data were used to 

determine the average range of motion, average velocity, and the percentage of time that the wrist 

was deviated above suggested carpal tunnel syndrome injury thresholds.  Only kinematic data 

pertaining to the 15-minute work to rest schedule are reported on in study 2 of this thesis. 

1.1.3 EMG Data 

Surface EMG electrodes were positioned to record activity from the right and left extensor carpi 

radialis longus and brevis, middle deltoid, upper trapezius, and infraspinatus (Cram et al., 1998, 

Zipp, 1982). EMG signals were collected and conditioned using a Bortec AMT8-channel 

differential amplifier (Bortec Biomedical Ltd, AB, Canada) with variable gains of 1000–5000 

times, 10 GΩ input impedance and CMRR of 115 dB at 60 Hz. The EMG signals were digitally 

captured at 942 Hz using a 12-bit A/D card (National Instruments, Austin, TX) and stored for 

post-processing using custom software (LabView 8.2.1, National Instruments, Austin, TX and 
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MATLAB, Mathworks, Natick. MA). Snap-on Ag–AgCl adhesive electrodes (Bortec Biomedical 

Ltd, AB, Canada) with a 2 cm inter-electrode distance were attached after the skin was abraded 

with alcohol. EMG data were used to estimate muscular effort and fatigue. Muscular effort was 

estimated by normalizing the trial data to the excitation elicited during a maximum voluntary 

contraction for each muscle. Wavelet and linear discriminant analysis techniques were applied to 

calculate and assess differences in the frequency content of the EMG signals. EMG data is not 

reported on in this thesis. 

1.1.4 Video Data 

An integral part of the research protocol included a mock client profile of a student unable to 

attend class and thus requiring a video recording of the interpreted lecture. A Sony HDR-SR11 

digital video camera was positioned on a tripod approximately three meters from the interpreters. 

Interpreters were instructed to sign to the camera as if it were the client. Video recorded data will 

be coded to identify message accuracy, lag time between receipt and delivery of the message and 

other visual cues that might indicate fatigue. Video data is not reported on in this thesis. 

1.2 Thesis Purpose and Hypothesis 

Within the scope of the overarching research project (Figure 1), this thesis reports on a subset of 

that data as indicated below.  Firstly, the psychophysical data was extracted and used to 

characterize interpreters’ perceptions about the simulated interpreting tasks including the 

identification of the self-selected “ideal” work to rest ratio.  The specific research questions and 

hypotheses for this study include: 

1. Does experience level impact SLI psychophysical perceptions during sign language 

interpretation? 
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 Anecdotal evidence suggests novice interpreters have less coping skills and 

endurance and are therefore more likely to be impacted by psychophysical 

factors while interpreting.  

2. Do work to rest ratios impact SLI psychophysical perceptions during sign language 

interpretation? 

 Given the high physical and cognitive demand of SLI it can be assumed that 

work to rest ratios will have a significant impact, the greater the rate of work to 

rest (30-30, 60-0) the greater the impact. 

3. Do novice and experienced interpreters prefer the same work to rest ratios? 

 Based on existing literature and anecdotal evidence, it is hypothesized that both 

groups will prefer the shorter work to rest ratios (10-10, 15-15, 20-20).  

 

Secondly, using the kinematic data from the preferred ratio (as identified from study 1) 

we aimed to quantify wrist and elbow kinematics and to determine if kinematics differed by 

experience level (novice vs. experienced) or between the four fifteen-minute time work intervals. 

Of the six work to rest ratios, a conscious effort was made to identify and choose what 

interpreters perceived as their “ideal” ratio. By selecting this ratio it was felt that a clearer 

understanding of the influence of experience level could be understood by minimizing the 

confounding factors of stress and fatigue inherent to more challenging ratios.   

The specific research questions and hypotheses include: 

1. Do novice interpreters move differently relative to more experienced interpreters based 

on the subset of kinematic data recorded?  



 

 

 

9 

 Anecdotal evidence suggests that novice interpreters are less efficient in their 

signs production, using more movements/motions to create messages, and may 

be more likely to work faster or use a greater range of motion than their more 

experienced counter-parts. 

2. Does time (within an ideal work to rest ratio) effect kinematics? 

 Although interpreting is a highly demanding task, we assume that a proper 

balance between work and rest (i.e. 15 minutes worked, 15 minutes rest) will 

allow interpreters to maintain a consistent kinematic profile across subsequent 

bouts of interpreting, where their average kinematics should remain the same 

between each 15-minute bout of interpreting. 

3. Are novice interpreters more susceptible to kinematic changes over time (the interaction 

between time and experience)?  

 If novice interpreters perform more kinematics work (i.e. they are less efficient) 

than experienced SLI, then a 15-15 work to rest ratio may not provide enough 

rest. As such, novice interpreters may be more likely to fatigue and therefore 

perform more kinematic work as a result. 
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Chapter 2 

Literature Review 

2.1 Introduction to Sign Language Interpretation And The Need For Intervention  

Sign language interpreters facilitate communication between deaf and non-deaf people through 

the production of physical signs and gestures. SLI are at increased risk of musculoskeletal 

disorders due to the numerous highly coordinated movements of their upper limbs, frequently at 

rates higher than those observed in materials handling industries (Shealy et al., 1991; Feuerstein 

et al., 1991; Qin et al., 2008). MSD is commonly experienced by sign language interpreters 

(Fischer et al, 2012); where previous studies have reported that nearly 40% of interpreters have 

experienced medically diagnosed musculoskeletal disorders including carpal tunnel, thoracic 

outlet syndrome, arthritis, or tendonitis (Fischer & Woodcock, 2007). An investigation conducted 

by the National Institute for Occupational Safety and Health (NIOSH) found that 92% of SLI 

responding reported symptoms during the year prior to the study; more than 30% of those who 

had been clinically evaluated met the symptom case definition (Sweeney et al., 1994). 

Increasing evidence is emerging to help understand why SLI may be at an increased risk 

of developing MSD. The prevailing literature relating to MSD’s has suggested that “forceful 

exertion” is a key component, especially in carpal tunnel syndrome, tendonitis, and epicondylitis 

(Bernard, 1997). The NIOSH (Bernard, 1997) review indicated that while force was not the only 

component of risk; it, along with repetition and posture, was a central factor.  More recently 

Gallagher and Heberger (2013) have provided an updated view of the interactions between force 

and repetition with respect to the development of MSD. Using a fatigue failure curve based 

example, Gallagher and Heberger (2013) demonstrated that tasks that involve low force and high 
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repetition (much like those experienced during sign language interpretation) are only likely to 

pose an elevated risk when the number of repetitions are “excessively” high.  

SLI are exposed to wrist motions well in excess of high-risk thresholds that have been 

developed for those working in manufacturing sectors (Marras and Schoenmarkin, 1993). These 

highly dynamic, high velocity wrist motions may predispose SLIs to increased MSD risks (Qin et 

al, 2007, Delisle et al., 2005)). Risk is increased further due to the need for repetitive arm/hand 

movements for more than 2 hours a day (van Rijn et al., 2009). Due to the nature of American 

Sign Language, more limb motion and posture deviations are required on the right side, indicating 

an area of higher exposure. In ASL the left hand tends to be more static, acting as a base or 

reference point for the right, which generates the majority of the signs. This coincides with survey 

data indicating pain was reported more often in the neck and right shoulder (Woodcock & 

Fischer, 2008)(Figure 6). 

Figure 2 Prevalence of pain at eight sites among Canadian interpreters (Woodcock & 

Fischer, 2008) 
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In the absence of longitudinal research linking levels of exposure with causation in SLI 

specific research, researchers have attempted to assess MSD risk by comparing kinematic 

observations from SLI to published thresholds. In their research on cumulative trauma disorders 

in industrial workers, Marras and Schoenmarklin (1993) showed a high-risk threshold for mean 

wrist velocities ≥42.2°/s for flexion/extension and ≥25.9°/s ulnar/radial deviation. Moreover, it is 

well established that wrist postures are associated with disorders like carpal tunnel, where 

postures beyond 48.6° flexion, 37.3° extension, 14.5° of ulnar and 21.8° of radial deviation may 

increase risks (Keir et al., 2007). When used in conjunction with the threshold rates presented by 

Marras and Schoenmarklin (1993) in concert with research indicating the magnitude by which 

SLI surpass those thresholds (Delisle et al., 2005; Qin et al., 2007) a clear case can be made to 

support the notion that interpretation as a high-risk task. 

Musculoskeletal disorders are not independent of psychosocial factors. For instance, jobs 

requiring high-demand, but allowing for low-control are also associated with higher rates of 

musculoskeletal pain (Polanyi et al., 1997; Ibrahim et al., 2001; Cole et al., 2005). Sign language 

interpretation has been demonstrated as a high-demand, low-control task, which may relate to the 

number of reported injuries in this profession (Dean & Pollard, 2001). This demand-control 

model implicitly associates injury and pain to the worker’s response to the work. Dean and 

Pollard demonstrated that interpreters face multiple sources of demand including environmental, 

interpersonal, and intrapersonal.  The combination of these demands in conjunction with a lack of 

control over most components of their jobs may contribute to increased stress, injury, and 

shortened careers.  
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An interpreters cognitive processes or working memory, may also impact the quality and 

quantity of physical work (Delisle et al., 2005, Fischer et al., 2012). Spoken and signed languages 

have different grammars, requiring the interpreter to retain a certain amount of the spoken 

message in working memory until a grammatical unit can be produced efficiently and correctly in 

the signed language (Figure 3). If the interpreter does not have sufficient available working 

memory, she or he may produce a signed interpretation using transliteration (gestures using 

English grammar) and fingerspelling (spelling words letter by letter), strategies that require more 

movements for the same linguistic content. Redundant physical work may also occur if the 

interpreter outputs an interpretation with minimal delay in an attempt to clear working memory, 

but then produces corrections or clarifications to improve the interpretation. These corrections 

then create more work, thus more demand, as the interpreter struggles to correct one message 

while still processing new messages.  

Figure 3 Model of interpreter’s information processing (Woodcock & Fischer, 2008) 
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Despite of high psychosocial and mechanical stressors on the body during SLI, careful 

management of exposure time and rest duration may help to reduce MSD development. Within 

the limited literature reporting on SLIs, there is an indication that as the amount of rest increases 

(micro-breaks or structured breaks) the development of MSD decreases (Feuerstein et al, 1992, 

Delisle et al., 2005, DeCaro et al, 1992, Johnson et al., 2005). Or conversely, when rest decreases 

and exposure time increases, other studies indicated that the risk of MSD increases (Feuerstein et 

al, 1997, Johnson et al., 2005, Cohn et al., 1990, Madden, 1995, Scheuerle et al., 2000). General 

practice for sign language interpreters is to work in teams of two (or more) when interpreting 

events that exceed 90 minutes in duration. During periods of non-sign production, the physically 

resting interpreter is typically providing support to the teammate, such as assistance with signs for 

unfamiliar terminology to simply deciphering speaker accents or poor acoustics. This support is 

absent when interpreters work alone.  

As mentioned previously, there have been several studies conducted to address work to 

rest schedules in other forms of work. Most frequent recommendations include minimizing the 

exposure (work period), using more frequent, shorter breaks, and maximizing the recovery during 

a break. While some general guidelines are provided, unlike other risk factors, no firm threshold 

has been set either for time worked or rest required. It is therefore pertinent to address the issue of 

work to rest scheduling for sign language interpreters as a means to help reduce fatigue build up 

and the potential for overuse type injuries. 

The reviewed literature has enhanced our understanding of the prevalence of pain, 

discomfort and MSD development in SLI and identifies a considerable number of features of SLI 

that share an association with MSD development in other types of work. However, none of these 

studies provides a basis for a specific work to rest schedule. Neither has the literature recognized 
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the role of cognitive/linguistic processing in mediating the quantity of work performed or the 

perceived stresses (Table 2). These remain as key areas for future research. 

2.2 Factors Effecting MSD in SLI 

A thorough analysis of the available literature revealed a deficiency of quality research relating to 

sign language and MSD (Fischer et al, 2012). The majority of available research lacks important 

details about the measurement of dependent variables, methodology employed to reduce risk of 

bias and confounding, and statistical analysis. However, the available research does seem to 

indicate a potential relationship between psychophysical, cognitive, and physical factors and 

MSD in sign language interpreters.  

Sign language interpretation is very physically and cognitively demanding. A systematic 

review of the literature and data obtained from a survey of Canadian interpreters (Fischer et al, 

2012; Fischer & Woodcock, 2012) indicated that many factors may contribute to MSD in SLI 

including increased mechanical exposure, high speaker pace, and stress. These factors and their 

perspective interactions have been summarized in the literature and are highlighted in Figure 4. 

The top row shows situational factors, including speaker factors, work demand, and 

environmental factors. These are features usually encountered by interpreters in the field, which 

can often be modified by the interpreter to best meet his or her needs. Interpreter factors (along 

the bottom row) are specific to the individual, including professional factors such as personal 

signing style, knowledge, psychophysical factors including their psychological or physiological 

condition, and personal factors including their physical well-being.  Both of these sections can 

influence the amount of repetitive motion and injury process (middle row), where the various 

factors can lead to a cascade of events that may cause MSD in interpreters. For example, if the 



 

 

 

16 

speaker talks at a fast pace, the interpreter would have to increase movement frequency to keep 

up, potentially increasing fatigue and stress, leading to micro-trauma or injury. 

 

Figure 4 Model of sign production, response to work and physical effects (Fischer et al., 

2012) 

 

Three of these factors have stronger support, based on the available literature, linking 

them to injury: increased mechanical exposure, high speaker pace, and stress. Increased 

mechanical exposure includes such things as increased postural deviation and increased sign 

velocity or acceleration, where these exposures have been shown to increase risk of MSD in the 

upper limbs (Marras et al., 1993, Remple et al., 1998, Keir et al., 2007). As shown in the above 

diagram, increased speaker pace has an indirect effect, causing the interpreter to work faster and 

therefore increasing his or her mechanical exposure through repetitive motion (Hagberg et al., 

1987, Qin et al., 2008). Stress can be divided into psychological, psychosocial (Feuerstein et al., 

2000, Delisle et al., 2007), and environmental stress (Qin et al., 2008). Stress can influence MSD 

directly and indirectly by a number of situational or interpreter specific factors (Watson, 1987, 

Dean et al., 2001, Feuerstein et al., 2000, Delisle et al., 2007).  
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Three studies quantified biomechanical variables during sign language production 

(Shealy et al., 1991; Feuerstein et al., 1992; Qin et al., 2008); hand and forearm position, velocity, 

acceleration, and muscle activity were among the variables included. As stated previously, sign 

language interpretation is a very physically demanding task with the bulk of the work taking 

place in the forearms. Wrist flexion/extension accounts for 44.5% of all lower arm motions 

performed by interpreters, followed by forearm supination/pronation (36.4%) and wrist 

ulnar/radial deviation (19.1%). A stressful work environment, increased speaker pace, and a more 

complex, unfamiliar topic can lead to an even greater rate of motion during sign language 

interpretation, elevating wrist velocities and accelerations further beyond published limits (Qin et 

al., 2008). This increase can have a serious impact on SLI; two case-control studies indicated 

work-related factors that were significantly different between those with pain and those without. 

Interpreters with pain had less rest per minute of interpreting, more hand/wrist deviations from 

neutral, and had a higher rate of hand and finger motion (DeCaro et al., 1992; Feuerstein et al., 

1992). Each factor identified is directly related to the pace and linguistic content of the message, 

and the increased biomechanical demand placed on the interpreter as a result. 

While it is clear that the existing data could have been generated and reported with 

greater rigor and clarity, there is adequate information to support a focus on quantifying workload 

during different work to rest ratios. Although there are many factors that effect MSD in SLI, 

when it comes to establishing and supporting viable interventions to protect against MSD, typical 

ergonomic interventions will not be successful. Considering the existing data showing the 

impacts of rest and prolonged work without rest, and the ease of integrating work to rest ratios 

into an interpreters existing routine, it is clear that these ratios are an intriguing choice as an 

intervention. While there is little high quality research conclusively showing the link between 
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work to rest ratios and MSD prevention, the data that exists seems to indicate a strong potential 

for work to rest ratios on MSD prevention (Table 2). 
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Table 2 Selected literature review 

Authors Independent Variables Dependent Variables Impact on MSD 

Hagberg et 

al. (1987) 
 Pace  EMG  Increased amplitude of EMG with increased pace 

Watson 

(1987) 
 Survey questions related 

to the prevalence of 

interpreter burn-out 

 Survey responses  Results did not permit meaningful information to be extracted. 

(Open ended survey questions with no method to group or 

combine  responses) 
Cohn et al. 

(1990) 
 Grouped by clinical 

diagnosis 
 Length of time signing  

 Years of experience  

 Sign style 

 Those with clinical findings report feeling pain onset following 

approximately 1.8 hours of interpreting 

 Symptomatic interpreters worked  an average of 25 hours per 

week Those often finger spelling  presented with more small 

joint involvement, while those signing “big” had more shoulder 

girdle involvement 
Shealy et al. 

(1991) 
 Physical exposure  Frontal plane video 

(kinematic outcomes) 
 Kinematic markers (joint angular velocity and acceleration) were 

above reported threshold levels separating high and low risk 

groups 
Feuerstein & 

Fitzgerald 

(1992) 

 Grouped by pain score  # of rest breaks   

 Wrist deviations from 

neutral  

 # of work envelope 

excursions 

 Pace of finger motions 

 Those reporting pain had fewer # of rest breaks, increased # of 

work envelope excursions, more wrist deviations and a quicker 

pace 
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DeCaro et al. 

(1992) 
 Grouped by pain scores  # of micro rest breaks  

 Pace   

 Postural deviations 

(variables were determined 

using qualitative assessment) 

 Higher pain group has fewer  micro rest breaks, a faster 

pace  and more postural deviation 

Madden 

(1995) 
 Grouped by prevalence 

of occupational overuse 

syndrome 

 Years worked  Increased years worked was associated with increased prevalence 

of occupational overuse syndrome 

Feuerstein et 

al. (1997) 
 Grouped by NIOSH 

case definition of upper 

extremity MSD 

 Gender   

 Years worked   

 Job pressure   

 Fear of developing pain  

 Working with pain to ensure 

quality of work   

 Wrist deviations from 

neutral 

 Females were more likely to become injured   

 Increases in all other outcomes were associated with an increased 

risk of meeting the NIOSH case definition for upper extremity 

MSD 

Scheuerle et 

al (2000) 
 Grouped by prevalence 

of pain / discomfort 
 Hours worked per week  Increased hours worked per week  was significantly correlated 

with reported pain / discomfort 
Feuerstein et 

al. (2000) 
 Multi-component 

intervention (11 week 

education program) 

 # of reported cases  

 Compensation costs 

 The # of claims and total  compensation costs were reduced for 

three years post intervention 

Dean & 

Pollard 

(2001) 

 Degree of fit - How 

does SLI fit within the 

Karasek demand-

control model 

 Job Demand (linguistic, 

environmental, interpersonal, 

intrapersonal) 

 Job Control   
(Outcomes subjectively 

determined based on a 

narrative review) 

 Using a demand-control model, SLIs are at increased risk due 

to  high job demands and low job  control 
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Delisle et al. 

(2005) 
 Physical exposure  Electromyography (EMG) 

(multiple EMG related 

outcomes) 

 Electrogoniometry 

(kinematic outcomes) 

 Kinematic markers (joint angular velocity and acceleration) were 

above reported threshold levels separating high and low risk 

groups 

 EMG gaps analysis revealed that SLIs have fewer micro breaks in 

the trapezius muscle than keyboard users 
Johnson & 

Feuerstein 

(2005) 

 Open ended response to 

question In the space 

below, please tell us 

what you are doing, if 

anything, that you think 

is contributing to your 

symptoms or preventing 

you from experiencing 

symptoms 

 SLIs perceptions of MSD 

indicated in responses 

 Most common response (15.55%  of respondents) felt that 

long  work hours and no breaks was  most related to initiation or 

exacerbation of symptoms 

Delisle et al. 

(2007) 
 

 Stress management 

intervention  

 Work style intervention 

 Pain perception  

 Psychological stress  

 Mechanical exposure (EMG, 

electrogoniometry) 

 Mixed results - Both interventions reduced outcomes; however 

reductions were participant and intervention specific 

Qin et al. 

(2008) 
 Speakers pace 

 Environmental stress 

 Electrogoniometry 

(kinematic outcomes) 
 Increased wrist motion (velocity and acceleration) with increased 

speaker pace - Stress significantly effected left wrist mean 

velocity and acceleration 
Notes: 
    = Low quality- Maximum 1 high or 2 medium quality studies, 1/3 of studies agree 
   = Medium quality- 2 high or 2 medium and 1 high quality studies, 2/3 of studies agree
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Chapter 3 

The Effect Of Different Work To Rest Schedules On Psychophysical 

Perceptions Of Workload During Sign Language Interpretation  
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Abstract 

Sign language interpreters (SLIs) facilitate communication and provide essential services to 

enhance accessibility for non-hearing individuals. However, the prevalence of musculoskeletal 

disorders (MSD) poses a considerable risk to the health and growth of the interpreting profession.  

The role of the SLI is to translate a message efficiently and accurately between the spoken and 

the signed language, posing both mental and physical risks to the SLI. Although this process 

cannot be altered without affecting message linguistics, balancing periods of exposure and rest 

may be a viable way to reduce MSD prevalence. This study examines psychophysical perceptions 

of effort when novice and experienced SLIs interpreted for 60 minutes in each of six different 

work to rest ratios.  

Six novice and six experienced SLI performed interpretation of a spoken undergraduate 

lecture using six separate work to rest schedule sessions presented in a random order on non-

consecutive days. Pre- and post-session, a debriefing was conducted. Structured and unstructured 

inquiries covering physical and cognitive demand, fatigue, and perceptions related to different 

psychophysical factors were recorded and analyzed.  

Psychophysical indicators of workload were affected by the work to rest ratios, with 

interpreters preferring ratios with shorter continuous work bouts like 15:15 (mean of 2.13) and 

20:20 (mean of 2.88). When considering the effect of different work to rest ratios, cognitive 

fatigue and concern for degraded quality was mentioned more often than the interpreter’s own 

physical discomfort, particularly by novices. Based on these data, SLIs would prefer a work to 

rest ratio of 15 minutes of work, interspersed with equal blocks of 15 minutes of rest.  
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3.1 Introduction 

Sign language interpreters (SLI) facilitate communication between deaf and non-deaf people 

through the production of physical signs and gestures. Musculoskeletal disorders (MSD) are 

commonly experienced by Canadian sign language interpreters (SLI) (Fischer et al, 2012); where 

the increased risk may be due to the repetitive highly coordinated movements that they perform 

with their upper limbs, often at rates higher than those observed in materials handling industries 

(Shealy et al., 1991; Feuerstain et al., 1991; Qin et al., 2008). According to a survey of Canadian 

interpreters, nearly 40% of interpreters registered with the Association of Visual Language 

Interpreters of Canada (AVLIC) have experienced medically diagnosed musculoskeletal disorders 

including carpal tunnel, thoracic outlet syndrome, arthritis, or tendonitis (Fischer & Woodcock, 

2007). An investigation conducted by the National Institute for Occupational Safety and Health 

(NIOSH) found that 92% of American interpreters reported symptoms during the year prior to the 

study, and more than 30% of those who had been clinically evaluated met the symptom case 

definition (Sweeney et al., 1994). 

Sign language interpretation is very physically and cognitively demanding (Delisle et al., 

2005, Delisle et al., 2007, Fischer et al., 2012, Qin et al., 2008). SLI must convert spoken 

language into a signed language under an external time pressure requiring a great deal of 

concentration and mental strain. A systematic review of the literature (Fischer et al, 2012) 

demonstrates that many factors may contribute to MSD in SLI including increased mechanical 

exposure, high speaker pace, and stress. Considering MSD risk factors more broadly, increased 

mechanical exposures (i.e. increased postural deviation, and wrist joint velocity, or wrist joint 

acceleration) have been shown to increase the risk of MSD in the upper limbs (Marras et al., 

1993, Bernard 1997; Remple et al., 1998, Keir et al., 2007). With reference to interpreters, it is 
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argued that sustained repetitive motions pose a considerable mechanical exposure (Hagberg et al., 

1987, Qin et al., 2008) where those exposures may be further increased by the requirement to 

work faster in order to keep up with a speakers pace, for example. Additionally, stress can also 

effect sign language interpretation from psychological, psychophysical (Feuerstein et al., 2000, 

Delisle et al., 2007), and environmental prospectives (Qin et al., 2008).  

Stress may directly and indirectly affect sign mechanics and risk. Stress may lead to an 

increased rate of motion during sign production, elevated wrist velocities and/or elevated 

acceleration beyond published threshold limits (Qin et al, 2008, Watson, 1987, Dean et al., 2001, 

Feuerstein et al., 2000, Delisle et al., 2007). While the direct link between stress and mechanics 

may not be clear, high-demand, low-control tasks, like sign language interpretation (Dean and 

Pollard, 2011), are associated with higher rates of musculoskeletal pain (Polanyi et al., 1997; 

Ibrahim et al., 2001; Cole et al., 2005).  Research conducted by Dean and Pollard showed that the 

sources of these demands originate in the environment as well as intrapersonal and interpersonal 

interpreter factors.  SLI experience these demands with little to no control over most components 

in their jobs, contributing to increased stress and injury.  

Stress may also affect the manner in which the SLI interprets the message. If the 

interpreter is stressed, she or he may produce a signed interpretation using transliteration 

(gestures using English grammar), or he / she may fingerspell spell more often (spelling words 

letter by letter); strategies that require more physical movements to produce the same linguistic 

content. This would result in less efficient sign production, increasing the mechanical work 

performed. Stress may also affect cognitive demand.  For example, an interpreter may pause 

while listening to a segment or chunk of the spoken message, where they would proceed to output 

the corresponding message chunk efficiently using ASL. However, stress may limit the ability to 
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retain a large or reasonable message chunk.  In this regard, the interpreter may be racing to keep 

up physically, because they are not able to store a large enough meaningful message chunk to 

permit them to interpret that message in the most efficient way. Moreover, because they already 

began to interpret a smaller chunk before taking in the complete message, they may have to make 

ongoing corrections or clarifications to improve the interpretation, again less efficient. 

Considering that interpreters have little control over the pace of an interpreting appointment, it 

may be prudent to at least provide them with flexibility to self-select an ideal work to rest ratio in 

hopes of alleviating some of the stress that may accumulate over an interpreting session.  

Poor management of rest following a prolonged exposure can also play a considerable 

role in MSD development (Konz, 1998). There is an indication that SLIs who sign with fewer 

micro breaks or pauses are more likely to report pain symptoms or develop injury compared to 

those who find more opportunities for brief micro breaks (Feuerstein et al, 1992, Delisle et al., 

2005, DeCaro et al, 1992, Johnson et al., 2005). Moreover, when the exposure time increases, 

other studies indicated that the risk of MSD development might also increase (Feuerstain et al, 

1997, Johnson et al., 2005, Cohn et al., 1990, Madden, 1995, Scheuerle et al., 2000). General 

practice is for sign language interpreters to work in teams of two (or more) when interpreted 

events exceed 90 minutes in duration. However, it remains unclear if 90 minutes is an adequate 

single dose exposure limit, or how teaming interpreters should balance work and rest to achieve 

ideal performance.  

The purpose of this research was to investigate SLIs perceptions related to interpreting in 

different work to rest conditions. The specific research questions and hypothesis include: 

1. Does experience impact SLI psychophysical perceptions during sign language 

interpretation? 
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 Anecdotal evidence suggests novice interpreters have less coping skills and 

endurance and are therefore more likely to be impacted by psychophysical 

factors while interpreting. 

2. Do work to rest ratios impact SLI psychophysical perceptions during sign language 

interpretation? 

 Given the high physical and cognitive demand of SLI it can be assumed that 

work to rest ratios will have a significant affect, the greater the rate of work to 

rest (30-30, 60-0) the greater the affect. 

3. Do novice and experienced interpreters prefer the same work to rest ratios? 

 Based on existing literature and anecdotal evidence, it is hypothesized that both 

groups will prefer the shorter work to rest ratios (10-10, 15-15, 20-20).  

3.2 Methods 

3.2.1 Participants 

Twelve participants, all members of the Association for Visual Language Interpreters of Canada 

(AVLIC), were recruited for this study. Six participants were classified as “novices” with four 

years or less experience since completing an interpreter-training program. Six interpreters were 

classified as “experienced”, where they either held the Certificate of Interpretation (COI) 

certification, (the highest standing certification for SLI in Canada, or were working towards it, 

and had five or more years of professional interpreting experience. Complete participant 

demographics are summarized in Table 3. 

Of the experienced interpreters, all reported at least some experience interpreting in a 

lecture style educational setting, six self-identifying as “very experienced”. Four of the six novice 

interpreters have had recent experience with interpreting in an educational setting (Table 3).  
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Table 3 Demographic Characteristics of Subject Population Including Level of Experience 

(Novice  ≤ 4 years, Experienced  ≥ 5 years) and Post-Secondary Experience  

Level of 

Experience 

Experience 

(years) 

Age 

(years) Gender 

Experience, Post-

Secondary (Year) 

Hand 

Dominance 

Novice 1.5 21 Male <1 Right 

Novice 2 26 Female >1<3 Right 

Novice 1 27 Female <1 Right 

Novice 1 28 Female <1 Right 

Novice 1 33 Male <1 Right 

Novice 1.5 25 Female >1<3 Right 

Experienced 32 69 Female 3+ Right 

Experienced 5 28 Male 3+ Right 

Experienced 7 33 Female 3+ Right 

Experienced 5 24 Female 3+ Right 

Experienced 6 29 Female 3+ Right 

Experienced 7 32 Female 3+ Right 

 

Initially, participants were to be excluded if in the previous six months they reported any 

upper limb pain. However, nearly all potential participants had experienced some form of mild to 

moderate pain. Therefor participants were only excluded if they reported any upper limb pain that 

required them to alter their normal daily activities within the preceding six months. Additionally, 

participants were excluded if at the time of testing they had a severe injury that would prevent 

them from interpreting for the allotted durations, had recently undergone surgery to any muscle of 

the upper limb or were pregnant. SLIs were screened to ensure they had no prior knowledge of 

the specific lecture material presented during the study. They also agreed not to seek out or view 

any of the recorded material outside of the study before completion of the project.  

Sign language interpreters were recruited through AVLIC e-mail lists, the interpreter 

program at George Brown College, as well as through the Ontario Association of Sign Language 

Interpreters (OASLI). SLI were remunerated at market rate for their time. The University 

Research Ethics Boards at both collaborating institutions approved the protocol. 
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3.2.2 Experimental Protocol 

A mixed or split plot design was employed to investigate the differences in psychophysical 

perceptions of SLIs where experience (novice or experienced) was considered as a between 

participant factor and the work to rest ratio was considered as a within participant factor. To 

investigate the within participant factor, SLI attended the lab on six non-consecutive days where 

they interpreted using a different pre-determined work to rest ratio on each occasion (Table 4). 

Upon arrival at the laboratory for the first time, the participant read and signed the informed 

consent form and completed a PARQ. Additionally, they were briefed on the protocol and set-up.  

Independent of the work to rest ratio, the total “hands in the air” interpreting time was 60 minutes 

for each session. 

Table 4 Work to rest ratios based on common schedules used by interpreters 

Work (W) Rest (R) durations in minutes 
Total time  

work & rest Scenario represented 

A 

10W, 10R, 10W, 10R, 10W, 10R, 10W, 

10R, 10W, 10R, 10W 110 
Baseline work to rest schedule likely 

to have minimal physical fatigue 

B 15W, 15R, 15W, 15R, 15W, 15R, 15W 105 Common work to rest schedule 

C 20W, 20R, 20W, 20R, 20W 100 Common work to rest schedule 

D 20W, 40R, 20W, 40R, 20W 140 
Idealized work to rest schedule for 

demanding material 

E 30W, 30R, 30W 90 Common work to rest schedule 

F 60W  60 
Solo appointment typical of 

institutional appointment ex. Lecture 

Note: Each protocol totals 60 minutes of “hands in the air” sign production 

 

The presentation of work to rest ratios was randomly assigned to pairs of interpreters 

stratified by experience, such that one novice and one experienced SLI each followed the same 

presentation of work to rest ratios, but no two novices or experienced interpreters followed the 

same presentation. A matched pairs design was essential since the total time of “hands in the air” 

interpretation was controlled. For example, an interpreter completing the 60-0 ratio on their first 

session would finish off on the lecture at the 60 minute point, resuming from that point on their 
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subsequent session.  However, an interpreter completing the 10-10 ratio would progress through 

120 minutes of the lecture in order to complete 60 minutes of “hands in the air”, resuming from 

the 120 minute mark on their subsequent session. Controlling the total volume of work is 

considered a strength in this study; however, the fact that SLI interpreted different segments of 

the lecture in each work to rest ratio is a limitation. The matched pairs design was an attempt to 

remove any differences in lecture content as a confounding factor while allowing a direct 

comparison between experience levels as both groups completed the same between group 

protocols.  

3.2.3 Simulating An Interpreting Event In An Institutional Environment 

A simulated classroom interpretation environment was constructed in the laboratory. The 

simulated environment was developed in collaboration with COI credentialed interpreters (who 

did not participate) and users of interpretation services to ensure the situation adequately 

replicated an actual classroom based experience. The lecture for interpretation was displayed on a 

large screen. Lectures were delivered in spoken English by one of two lecturers, each with 

distinct styles. Because the lectures were videotaped with little student interaction, there were few 

natural opportunities for the interpreter to take micro breaks or to catch up to the material. In live 

situations, a professor would pause when posting a slide to enable the deaf student to read the 

slide before turning back to the interpreter. As such, these breaks were edited into the video. The 

first lecturer (L1) exhibited a very animated personality and used more common, simpler 

language, practical examples, and repetition to reinforce ideas while speaking quickly. The 

second lecturer (L2) had a slower speaking pace but used more complex content such as 

metaphors, nested conditionals (for example, if your parents are divorced, what happens with 

your relationship), and tended to go off on tangents while making points. 
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As it is not feasible to also provide a physical “teamer” for each trial to truly mimic a 

real-life appointment, a video was created wherein the aforementioned COI interpreters 

interpreted the entirety of the lecture provided. “Teamer” refers to another interpreter who acts as 

the partner during an interpretation session. During teamed appointments, teamers rotate between 

active interpretation and active rest roles. The teamer in active rest is not actually signing, but will 

usually communicate with the active interpreter by providing an alternative sign choice, making a 

suggestion during a difficult session, and monitoring the time and content to identify an 

opportune time to switch roles.  

To replicate the teamed interpreting situation, a video recording of a “teamer” performing 

the interpretation of the same lecture was played back synchronized to the lecture with a realistic 

sign-production delay. During the rest intervals the interpreter had the option of watching the pre-

recorded teamer. To resemble the situation where an interpreter is stuck and must look to the 

teamer for a clue or support, these video monitors were positioned to be visible with a turn of the 

head during the sign production interval. This enabled the researchers to note when it occurred, 

but not to allow the interpreter to simply mirror the prerecording. By turning left the interpreter 

could view the video-teamer during the work period, as though consulting a live teamer to “feed” 

him or her a sign (Figure 5).  
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Figure 5 A block diagram and illustration of the simulated interpreting environment 

 

In a real world scenario, SLI would have the opportunity to communicate with the client/ 

deaf or deafened individual. This meeting may affect the interpreter’s choices and strategies, such 

as additional spelling and contextualization of messages per the linguistic norms of the interpreter 

and consumer. Since there is no real life client for this study, a client profile, included all the 

necessary information to facilitate this interaction, was compiled and made available to the 

participant before arrival at the laboratory (Appendix C). In the mock client profile it was 

established the client was unable to attend the lecture, but would later watch the video recorded 

interpretation. Video data were collected using a consumer camcorder, Sony HDR-SR11. The 

Motion 
Capture Device 
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camcorder was set up on a tripod and placed in front of the interpreter at an approximate distance 

of three meters. This is similar to where a client, usually the deaf or deafened person for whom he 

or she is interpreting, could be seated during a formal interpretation session. 

Availability or lack of preparation material can also affect the cognitive demand of the 

task, as can prior familiarity with the subject matter. Approximately two days prior to entering the 

lab for each session, the interpreter received preparation material related to the lecture to be 

interpreted. This information had been extracted directly from the source lecture video; the slides 

reflected general information about the topics, names, tables, and various other graphics and data. 

While not always available, access to preparation material is the relative standard in industry. 

Participants were not directed how to prepare; however, they were instructed that they would be 

interpreting this content.  

The material interpreted was a projection of a pre-recorded lecture of a freshman-level 

university course on human relationships and developmental psychology, a subject generally 

familiar to most interpreters. The material was taught at a university level and as such would still 

be challenging to the interpreter. The material was selected through consultation with a number of 

non-participating experienced sign language interpreters. Ten and a half hours of continuous 

lecture material was edited together from a total of eight lectures, in sequence, from the same 

course. As the course progressed the difficulty level didn’t necessarily increase but it did become 

more in depth. The participants were questioned to determine if they had any knowledge of the 

lecture material and advised that if by chance they come across anything resembling the lecture 

material they were not to watch it as long as they were participating in the study. 
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3.2.4 Dependent Measures 

Pre- and post-performance debriefing was conducted in each session. Structured and unstructured 

inquiry was requested regarding physical and mental demand, fatigue, difficulty, and SLIs 

perception of pace.  Additional comments were solicited regarding specific challenging elements 

of the content, format, work-rest schedule, or other factors. Structured inquiry took the form of a 

debrief questionnaire (See appendix E) which was loosely based on the NASA Task Load Index 

(NASA-TLX), a tool used widely in human factors research. The NASA-TLX is a 

multidimensional rating tool that determines overall workload scores based on weighted averages 

using visual analog scales in six categories: mental demands, physical demands, temporal 

demands, own performance, effort, and frustration (Hart, 2006). After completing the sixth 

session (work to rest ratio), interpreters were asked to rank the six work to rest schedules in order 

of difficulty, and identify which of the lecturers was harder to interpret. These data were analyzed 

descriptively for mean and range, by experience level and at the overall total sample level. 

Participants were also debriefed in relation to prior familiarity with the subject matter, 

university classroom interpreting, what if any preparation they did for the appointment and, 

where applicable, how useful they found the provided preparation materials. The debriefing took 

place during the attachment and detachment of the biomechanics sensors and enabled informality 

affording spontaneous, authentic comments.  

3.2.5 Data Analysis and Statistics 

Data were extracted from the debriefing questionnaire to determine how SLI perceived each of 

the conditions. A mixed design factorial ANOVA was used to detect for differences in dependent 

variables including: overall perceived cognitive and physical demand of the session, perceived 

difficulty of the lecture content and language, the amount of preparation done, and the perceived 
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accuracy of the simulation. Experience (novice and experienced) was considered as a between 

group factor, while work to rest ratio was considered a within participant factor (6 levels 

pertaining to the ratios described in Table 5). An alpha value of 0.05 was applied as the threshold 

for significance where Greenhouse-Giesser corrections were applied to correct the degrees of 

freedom when data did not meet sphericity assumptions as per Mauchly’s test of sphericity. 

Bonferroni adjusted pairwise comparisons were also utilized post-hoc tests to determine where 

significant differences occurred and effect size was calculated using partial eta squared ( ). A 

value of 0.14 or above was considered a large effect (Cohen, 1988). 

3.3 Results 

Experience did not have a significant effect on any of the dependent measures. However, work to 

rest ratio (within participant factor) did have a significant main effect on the perceived difficulty 

of the work to rest ratio (Table 5). The mixed ANOVA did not detect any significant interaction 

effects. Table 5 also highlights instances where the effect size was large (> 0.14), but the p-value 

remained above 0.05. The appearance of a large effect size in conjunction with a statistically 

insignificant result is indicative of a sample size limitation. This limitation is described in more 

detail in the discussion section. 
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Table 5 Mixed ANOVA results based on psychophysical questions from debrief: main 

effects of experience level, work to rest ratio, and their interaction effect 

Question 

Experience Level Work to Rest Ratio Interaction 

P-value F hp

2
 P-value F hp

2
 P-value F hp

2
 

How would you rate the cognitive 

demand of this lecture? 
0.666 0.20 0.019 0.307 1.24 0.110 0.060 2.29 0.186* 

How would you rate the physical 

demand of this lecture? 
0.671 0.19 0.019 0.645 0.67 0.063 0.954 0.22 0.021 

How would you rate the difficulty 

level of the lecture content?
#
 

0.841 0.042 0.004 0.343 1.15 0.103 0.293 1.30 0.115 

How would you rate the speed of 

the lecturer? 
0.369 0.88 0.081 0.483 0.91 0.083 0.246 1.39 0.122 

How would you rate the difficulty 

of the language used? 
0.382 0.84 0.077 0.190 1.56 0.135 0.628 0.70 0.065 

How would you rate the difficulty 

of the work to rest ratio?
#
 

0.552 0.38 0.036 0.000 12.18 0.549* 0.844 0.27 0.026 

How much time did you spend on 

preparatory material?
#
 

0.872 0.15 0.176* 0.174 2.14 0.015 0.482 0.77 0.071 

Significant main effect indicated by shaded area 
#
Greenhouse-Geisser corrections were applied when the data did not meet the sphericity 

assumption 

*Indicates a large effect size 

 

3.3.1 Perceived Difficulty of Cognitive And Physical Demand 

While there were no statistical differences in perceived difficulty of cognitive or physical 

demand, a large effect size was noted when considering the interaction of experience and work to 

rest ratio on cognitive demand. As indicated in Figure 7, perceived difficulty of cognitive demand 

ranged from 3.52 – 6.50 on a 10-point scale.  The large interaction effect is likely a result of the 

different perceptions of cognitive demand expressed between experienced and novice SLI, where 

this difference is pronounced only in the 20-20 work to rest ratio.  During debriefing, interpreters 

tended to reflect much more on their cognitive demand and resultant fatigue and were usually 

required to be prompted to comment on their physical fatigue.  Regarding perceived difficulty of 

physical demand, SLIs reported between 3.92 and 5.33 on a 10-point scale. 
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Figure 6 Reported perceived difficulty of cognitive demand (mean ± standard deviation) by 

experience level when interpreting in each of the six different work to rest schedules 

 

 

 

Figure 7 Reported perceived difficulty of physical demand (mean ± standard deviation) by 

experience level when interpreting in each of the six different work to rest schedules 
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3.3.2 Perceived Difficulty Of Language Used, Lecture Content And Lecturer Speed 

No statistical differences were detected in the perceived difficulty of the language, lecture 

content, or speed of the lectures. Figure 9 illustrates perceptions of difficulty by experience level 

in each work to rest ratio, where Figures 10 and 11 highlight the perceptions of lecture speed and 

lecture content difficulty respectively. 

 

 

Figure 8 Reported perceived difficulty of language used (mean ± standard deviation) by 

experience level when interpreting in each of the six different work to rest schedules 
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Figure 9 Reported perceived difficulty due to lecturer speed (mean ± standard deviation) by 

experience level when interpreting in each of the six different work to rest schedules 

 

 

 

Figure 10 Reported perceived difficulty level of lecture content (mean ± standard deviation) 

by experience level when interpreting in each of the six different work to rest schedules 
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3.3.3 Use Of Preparation Materials 

The time spent on preparation was not statistically different within work to rest ratios or between 

novice and more experienced interpreters. However, a large effect size was detected when 

considering the main effect of experience level.  As indicated in Figure 12, the large effect size is 

likely a result of the increased time the novices spent preparing relative to experienced 

interpreters. 

 

Figure 11 Reported time spent on preparatory material (mean ± standard deviation) by 

experience level when interpreting in each of the six different work to rest schedules 

 

3.3.4 Realism Of The Simulation 

On a 10-point scale where 1 was extremely accurate and 10 was not at all accurate, the simulation 

was given an overall satisfactory rating (M=3.61, SD=2.40) by participants who considered it 

realistic given the imitations of the laboratory setting. Experts perceived the simulation to be 

significantly more realistic (M=2.36, SD=1.55) than novices (M=4.86, SD=2.53) F(1,12)= 4.98, 

p<0.05.  
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3.3.5 Perceived Difficulty With Respect To Work To Rest Ratios 

SLIs perceived the 15 minute work to rest ratio as the least difficult ratio (Figure 6). However, as 

indicated in Table 6, post-hoc testing indicated that perceived difficulty was statistically 

equivalent to the 10-10, 15-15, 20-20 & 20-40 work to rest ratios. As noted earlier, limited 

statistical power may have affected the statistical resolution to detect those differences that seem 

to be visually apparent between 15-15 and 10-10 or 20-40.  

 

Figure 12 Reported perceived difficulty of work to rest ratios (mean ± standard deviation) 

when interpreting in each of the six different work to rest schedules 

 

 

Table 6 Results of Bonferroni pairwise comparisons post-hoc test between work to rest 

ratios 

Work to 

Rest Ratio 

Work to 

Rest Ratio 

Mean 

Difference 

Standard 

Error p-value 

95% CI 

Lower Upper 

15W 15R 

10W 10R -2.54 0.82 0.169 -5.68 0.60 

20W 20R -0.75 0.37 1.000 -2.18 0.68 

20W 40R -3.13 0.91 0.094 -6.59 0.34 

30W 30R -3.29 0.74 0.019 -6.14 -0.45 

60W 0R -5.59 0.71 0.000 -8.53 -3.06 
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3.4 Discussion 

While experience level appeared to have no impact on SLIs psychophysical perceptions during 

interpretation, refuting hypothesis one, hypotheses two and three were both supported. Work to 

rest ratios were perceived differently, where those with lower continuous work bouts were 

preferred (hypothesis two), and there were no significant interaction effects, indicating that both 

novices and experienced SLIs both prefer the same conditions (hypothesis three). However, large 

effect sizes were present for a subset of dependent measures, without requisite significant 

findings. A large effect size was indicated when considering the interaction effect on the 

perceived cognitive demand variable, which may indicate that novice and experienced 

interpreters perceived certain work to rest ratios as more/less cognitively demanding. In addition, 

a large effect size was also noted for the main effect of experience when considering the amount 

of prep time, which may indicate that novices prepared longer than experienced interpreters prior 

to each session. The occurrence of a large effect size and lack of a statistically significant finding 

may be due to a potential limitation caused by the small number of participants.  

Despite anecdotal evidence to the contrary, experience did not affect SLIs perception of 

physical demand during interpreting. While current literature focuses on experience level or years 

worked as an important factor associated with increased prevalence of injury (Cohn et al., 1990, 

Feuerstein et al., 1997, Madden, 1995), contrary anecdotal evidence suggests that as SLI gain 

experience they develop methods and strategies to become more resistant to the physical demands 

of their work. These data did not support that anecdotally suggested difference; novices and 

experienced interpreters reported similar levels of physical demand.  However, considering the 

predominantly physical nature of interpreting, it was expected that self-reports would focus on 

this physical demand and associated physical fatigue. Yet, when asked about fatigue (without first 
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differentiating between physical or cognitive fatigue), SLIs commented almost exclusively on 

cognitive fatigue, possibly overshadowing their ability to perceive physical demand and fatigue. 

This may not be surprising considering that some people with high psychological demands have 

been shown to have increased pain thresholds suggesting that physiological warning signs could 

be ignored or missed (Feuerstein et al., 1997). Given the high cognitive demand of the task and 

SLIs focus on cognitive demand, SLIs may actually be poor predictors of their own inherent 

physical demand. 

Participants reported an average preparation of 51 minutes (range 10 minutes to 4.5 

hours). In this case the major deciding factor in how much prep was required was familiarity with 

the subject matter and interpreting a university style lecture. While all interpreters reported some 

familiarity with the subject matter, experienced interpreters (average 34 minutes prep) reported 

much greater familiarity with interpreting in a University setting versus novice interpreters 

(average 67.7 minutes prep). Preparation described by participants included reading over the 

slides, using search engines and other source material to look up specific names, topics, and 

concepts, to practicing fingerspelling and signs and attempting to determine the goal of the 

lecture. It would be intuitive to assume those who did more thorough preparation would be more 

familiar with content, experiencing less perceived stress and fatigue with a higher quality of their 

output. Quality of prep; however, may not be adequately demonstrated as a function of time.  

The unanimous disapproval of the 60-0 and 30-30 work to rest ratios were expected. 

From a physical perspective, the interpreter must work continuously for at least 30 minutes, 

where fatigue builds up with no rest available to relieve it increasing discomfort and the risk of 

MSD (Feuerstein et al, 1997, Johnson et al., 2005, Cohn et al., 1990, Madden, 1995, Scheuerle et 

al., 2000). However, it seems that the disapproval may also be strongly related to the cognitive 
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demand and associated fatigue. During unstructured interviews, a number of participants 

described these ratios as being extremely mentally demanding, with one SLI commenting that she 

felt she wasn’t doing a good job, which caused her greater stress.  This qualitative comment is in 

line with prior research noting how stress and situational/interpreter specific factors might relate 

to SLI performance (Watson, 1987, Dean et al., 2001, Feuerstein et al., 2000, Delisle et al., 2007). 

It is however common for SLI to work through pain in order to ensure quality of output 

(Feuerstein et al., 1997). In many cases, due to lack of qualified teamers, interpreters feel they 

need to work these longer ratios to prevent loss of service to the deaf community. 

From a physical perspective, a 20-40 ratio might seem ideal, with ample recovery from 

the work, yet it was rated slightly less difficult than 30:30. Due to the long rest period, 

participants commented that they became disengaged; noting that they were more easily 

distracted and often lost the context. Participants noted that they might be more engaged in a real 

interpretation environment where they would be dynamically relating to the other interpreters and 

the deaf consumers.  The limited ability for dynamic interaction in our simulated environment is a 

limitation of this study.  

While the 20 minute bouts were not overly taxing, some SLIs became fatigued from the 

long work session, at 140 minutes in total time, it is thirty minutes longer in total than the others. 

The lack of or decrease in stimuli for long periods may also lead to boredom and fatigue (Konz, 

1998). The 20-40 schedule also tends to be used in complex environments such as scientific 

conferences and in specific geographic regions where business clients have accepted it and 

interpreters have become accustomed to it. While two participants had some familiarity with this 

schedule, none had used it and may have found it too unfamiliar to be comfortable. 
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A 10-10 schedule might also seem to provide an ideal opportunity to relieve physical 

work more frequently, but was also disliked relative to the 15-15 or 20-20 work to rest ratios. 

Participants described the frequent starting and stopping as cognitively demanding because it 

ruined the “flow” of the output. For an interpreter, high quality interpretation consists of proper 

sign selection, production of proper grammar, conveying non-verbal content such as intonations, 

and doing so with minimal repetition or correction. One technique used to do so is to create 

linguistic artifacts in three-dimensional space and then refer back to them by indicating them 

gesturally, much as pronouns are used in spoken language (Neidle, 2000). All the interpreters 

indicated that 10 minutes was too short to properly set up the context in space and make use of it 

before it was time to start the next rest break, leading to a degradation of message quality 

causing/increasing stress (Feuerstein et al., 1997). A heightened concern over quality of work 

forces SLI to focus even more on the details of the message being interpreted leading to increased 

biomechanical exposure (Feuerstein et al., 1997). 

The 15-15 and 20-20 ratios were preferred in this study with the 15-15 ratio receiving a 

slightly lower difficulty rating. SLIs did not consider these ratios to be tiring and “allowed you to 

get into the flow”. Respondents were most familiar with these ratios where they allowed 

interpreters enough time to set up and create more efficient signs with better grammar and 

context, while also limiting the continuous dose of physical work to 15 or 20 minutes 

respectively. On the basis of SLI subjective feedback, these data support current practice of 

employing a 15-15 or 20-20 ratio.  

3.4.1 Study Limitations 

Sample size: Despite approximately one year of recruitment, the sample size was limited to 

eighteen interpreters; nine novices, and nine experts, of these twelve paired participants took part 
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in the debrief questionnaire. The debrief questionnaire was developed later in the research 

protocol and as such not all participants debriefed were asked to complete it. In total fourteen 

participants completed all aspects of the questionnaire but only twelve of them were matched 

pairs, matched by work to rest ratio to ensure that both the novice and more experienced 

interpreter both completed the same protocol and work to rest schedule in the same order.  

The statistical results indicate the study was underpowered to detect large effect sizes. 

Several variables reported a large (Table 5), indicating a large effect but the p-value was 

greater than 0.05. At present it was not feasible to obtain a larger pool of participants due to the 

availability of sign language interpreters who met the criteria laid out in the study protocol. The 

lack of available SLI that meet the study parameters reaffirm the need for a better understanding 

of the factors effecting MSD and effective risk mitigation controls. Future iterations of this study 

may include further testing on a larger population to further validate the findings reported.  

Representation of the workplace environment: A concerted effort was made to adequately 

replicate the typical working conditions experienced by SLI in a classroom setting. Results from 

post-test debriefing questionnaires found that interpreters agreed that the setup was an adequate 

reproduction while the main deficiencies reported were lack of real interaction with a live teamer 

and client. The workplace environment chosen, a University lecture setup, may not be applicable 

to all setups. SLI work in a diverse range of environments of which 35% are in an institutional 

setting working in a full time capacity, 15% split time between full time work and freelance, 

while the remainder freelance the majority of the time (Fischer & Woodcock, 2012) 

3.5 Conclusions 

SLI, regardless of experience level, preferred moderate length work periods that allowed them to 

get into a good “flow” and output an efficient, quality message. The 15-15 and 20-20 were 
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preferred amongst interpreters, with 15-15 receiving a slightly lower difficulty rating. These data 

suggest that SLIs perceive their workload as a combined physical and cognitive task, with 

cognitive demand playing a dominant roll. For many the perception of physical fatigue or 

discomfort was completely eclipsed by the cognitive demand of the work and concern for 

degraded quality was mentioned more often than the interpreter’s own discomfort. Therefore it 

remains critical to understand the multiple dimensions of workload when intervening to reduce 

the risk of MSD for SLI.  
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Chapter 4 

A Biomechanical Analysis Of Sign Language Interpretation When Using 

A Preferred Work To Rest Ratio: Effects Of Time And Experience On 

Kinematics   
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Abstract 

Musculoskeletal disorders pose a considerable concern to sign language interpreters (SLI). 

Despite evidence supporting high injury prevalence, limited data is available on the mechanics of 

signing. This limitation undermines our ability to understand the root cause(s) of their injuries 

and moreover what types of hazard controls will be best suited to reduce injuries. This study 

aimed to quantify the kinematics of novice and more experienced SLIs when interpreting for 60 

minutes using a 15 minutes work to 15-minutes rest ratio. 

 Nine novice and nine experienced SLI participated in this study.  Each interpreted for a 

total of 60 minutes with “hands in the air”; however, 15 minute rest breaks were interspersed at 

15 minute intervals, similar to a common pattern when teaming. Kinematic data were recorded 

and used to calculate the average range of motion and angular velocity about the wrist and elbow 

joints. These data were interpreted with respect to suggested MSD risk thresholds.  

 While experience did not have a significant effect on workload, it is clear that sign 

language interpretation is a highly demanding task that requires sign language interpreters to 

frequently adopt high-risk postures and perform high-risk movements. Range of motion exceeded 

limits reaching a mean of 63-68 degrees while angular velocity peaked at a mean of 61 degrees 

per second. Even when interpreting in an “ideal” work to rest ratio, with an industry-accepted 

amount of intermittent rest, a significant effect for time was found and SLI were continually at or 

above risk thresholds regardless of experience level, up to 32-40% in ulnar deviation. 
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4.1 Introduction 

Musculoskeletal disorders (MSD) pose a considerable challenge restricting the growth of a 

health, viable population of professional sign language interpreters (SLI). SLI are instrumental in 

facilitating communication between deaf and non-deaf people providing a vital service. Without 

SLI the deaf community would have reduced access to doctors, lawyers, councilors, and other 

essential services, including educational and employment opportunities. However, evidence 

suggests that the work of sign language interpreting can place SLIs at an elevated risk for the 

development of pain, discomfort and MSD (Cohn et al., 1990; Stedt, 1992; Sweeney et al., 1994; 

Feuerstein et al., 1997; Scheuerle et al., 2000; Fischer et al, 2012). To ensure the sustainability of 

SLI, strategies must be devised to help balance risks and work requirements.  

 It is clear that the work of sign language interpreting is linked with a variety of upper 

limb pain and MSD concerns. Commonly reported MSDs include carpal tunnel syndrome, 

tendonitis, arthritis, and epicondylitis (Cohn et al., 1990; DeCaro et al., 1992; Stedt, 1992; Smith 

et al 2000; Fischer & Woodcock, 2012). However, a recent review has identified a lack of high 

quality research on the mechanics of interpreting and on mechanisms of injury, where there are 

limited resources available to support risk balancing strategies (Fischer et al, 2012). In fact only 

two published studies (Delisle et al, 2005, Qin et al, 2008) reported on objective kinematic 

measures of SLI where both noted the mean wrist joint velocities exceed high-risk thresholds 

(Marras and Schoenmarklin, 1993). Despite this emerging body of research, little is known about 

how sign kinematics are modulated, limiting our ability to identify root causes and target 

interventions. 

 When considering broad risk factors for MSD, the 1997 NIOSH report is a common 

reference. The report (Bernard, 1997) indicated a strong relationship between MSD exposure and 
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a combination of risk factors including force, repetition, and posture. For instance, the risk for 

developing MSD’s such as CTS, tendonitis, and epicondylitis require a combination of repetition 

and/or extreme posture with forceful exertion. However, SLI suffer from many of these maladies, 

despite exposure to forceful exertions, again clouding our ability to understand how or why injury 

rates are so pronounced in this population. Recent work by Gallagher and Herberger (2013) 

however has suggested a fatigue failure process may occur in the absence of forceful exertions, 

but only when the repetition is very high. 

Sign language interpreting is indeed a repetitive task, and several factors may affect the 

amount of repetition required. For example, since the gestures correspond to the content of 

language to be interpreted, a faster speaker’s pace can significantly increase the velocity of wrist 

movements (Qin et al. 2008), increasing the repetitiveness and subsequent MSD risk to the 

interpreter. Another factor could be the relative skill of the interpreter. If he or she has the ability 

to use more concise, efficient signs, the amount of repetitive movement required is reduced, 

therefore reducing the risk. Currently it remains unknown if experience alters exposure or if 

kinematics-based risks change over time as an interpreter fatigues.  

The purpose of the study was to measure the kinematics of sign language interpreting 

during an “ideal” work to rest ratio and to determine if kinematics differed by experience level 

(novice vs. experienced) or between the four fifteen-minute time work intervals. The “ideal” 

work to rest ratio of 15 minutes of work to 15 minutes of rest was determined using a 

psychophysical approach described previously (Chapter 3). By selecting this ratio it was felt that 

a clearer understanding of the influence of other factors, including experience level, years, of 

experience, age, and gender could be obtained by minimizing the confounding factors of stress 

and fatigue inherent to more challenging ratios.   
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The specific research questions and hypotheses include: 

1. Do novice interpreters move differently relative to experienced interpreters based on the 

subset of kinematic data recorded?  

 Anecdotal evidence suggests that novice interpreters are less efficient in their 

sign production and may be more likely to work faster or use a greater range of 

motion than their more experienced counter-parts. 

2. Does time (within an ideal work to rest ratio) effect kinematics? 

 Although interpreting is a highly demanding task, we assume that a proper 

balance between work and rest (i.e. 15 minutes worked, 15 minutes rest) will 

allow interpreters to maintain a consistent kinematic profile across subsequent 

bouts of interpreting, where their average kinematics should remain the same 

between each 15-minute bout of interpreting. 

3. Are novice interpreters more susceptible to changes over time (the interaction between 

time and experience)?  

 If novice interpreters perform more kinematic work (i.e. they are less efficient) 

than experienced SLI, then a 15-15 work to rest ratio may not provide enough 

rest. As such, novice interpreters may be more likely to fatigue and therefore 

perform more kinematic work as a result. 

4.2 Methodology  

4.2.1 Participants 

 

Eighteen participants were recruited for this study; all were members of AVLIC. Nine 

participants were classified as “novices” with four years or less experience since completing an 
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interpreter-training program. Nine interpreters were classified as “experienced” either holding the 

COI (Certificate of Interpretation) certification (the highest standing certification for SLI in 

Canada) or working towards it, and had five or more years of professional interpreting 

experience. Experienced participants had a mean experience of 11.33 years (SD= 9.60). The 

average age of the participants was 32.06 (SD=10.94) (Table 7).  

Of the experienced interpreters, all reported at least some experience interpretation in a 

lecture style, educational setting, eight self-identifying as “very experienced”. Five of the nine 

novice interpreters have had recent experience with interpreting in an educational setting (Table 

7). While everyone was thoroughly debriefed, only fourteen participants completed the debriefing 

questionnaire. 

Table 7 Demographic Characteristics of Subject Population Including Level of Experience 

(Novice  ≤ 4 years, Experienced  ≥ 5 years) and Post-Secondary Experience   

Level of 

Experience 

Experience 

(years) 

Age 

(years) Gender 

Experience, Post-

Secondary (Year) 

Hand 

Dominance 

Novice 3 28 Male >1<3 Right 

Novice 1 37 Female <1 Right 

Novice 1 25 Female <1 Right 

Novice 1.5 21 Male <1 Right 

Novice 2 26 Female >1<3 Right 

Novice 1 27 Female <1 Right 

Novice 1 28 Female <1 Right 

Novice 1 33 Male <1 Right 

Novice 1.5 25 Female >1<3 Right 

Experienced 23 47 Male 3+ Right 

Experienced 6 30 Female >1<3 Right 

Experienced 32 69 Female 3+ Right 

Experienced 11 35 Female 3+ Right 

Experienced 5 28 Male 3+ Right 

Experienced 7 33 Female 3+ Right 

Experienced 5 24 Female 3+ Right 

Experienced 6 29 Female 3+ Right 

Experienced 7 32 Female 3+ Right 
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Initially, participants were to be excluded if in the previous six months they reported any upper 

limb pain. However, nearly all potential participants had experienced some form of mild to 

moderate pain. Therefor, participants were only excluded if they reported any upper limb pain 

that required them to alter their normal daily activities within the preceding six months. 

Additionally, participants were excluded if at the time of testing they had a severe injury that 

would prevent them from interpreting for the allotted durations, had recently undergone surgery 

to any muscle of the upper limb or were pregnant. SLI were screened to ensure they had no prior 

knowledge of the specific lecture material presented during the study. They also agreed not to 

seek out or view any of the recorded material outside of the study before completion of the 

project.  

Sign language interpreters were recruited through AVLIC e-mail lists, the interpreter 

program at George Brown College, as well as other provincial organizations of interpreters. SLI 

were remunerated at market rate for their time. The Ryerson and Queen’s University research 

ethics boards approved the protocol. 

4.2.2 Simulating An Interpreting Event In An Institutional Environment  

A simulated classroom interpretation environment was constructed in the laboratory (Figure 13). 

The simulated environment was developed in collaboration with certified interpreters and users of 

interpretation services to ensure the situation adequately replicated an actual classroom based 

experience. The lecture to be interpreted was displayed on a large screen. Lectures were delivered 

in spoken English by one of two lecturers, each with distinct styles. Because the lectures were 

videotaped with little student interaction, there were few natural opportunities for the interpreter 

to take micro breaks or to catch up to the material. In an ideal situation, a professor would pause 

when posting a slide to enable the deaf student to read the slide before turning back to the 
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interpreter. These breaks were edited into the video. The first lecturer (L1) exhibited a very 

animated personality, and used more common, simpler language, practical examples and 

repetition to reinforce ideas while speaking quickly. The second lecturer (L2) had a slower 

peaking pace but used more complex content such as metaphors, nested conditionals (for 

example, if your parents are divorced, what happens with your relationship) and tended to go off 

on tangents while making points. 

 

Figure 13 Example of an interpreter participating in the study, highlighting the lab space 

and layout 
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The participants received preparation materials a day or two before the scheduled session, 

including presentation slides extracted from the lecture. The slides reflected general information 

about the topics presented, names, tables and various other graphics and data. The provision of 

preparatory documents in advance of an interpreting session is common in the field. Participants 

were not directed how to prepare; however, they were instructed that they would be interpreting 

this content. Interpreters were also provided with a mock client profile to enable them to gauge 

the sophistication of the deaf consumer, and were given a scenario that the student was 

participating in the course through distance education. 

To replicate the teamed interpreting situation, a video recording of a “teamer” (second 

interpreter) performing the interpretation of the same lecture was played back synchronized to the 

lecture with a realistic sign-production delay. This video could be viewed directly from the 

participant’s rest position. By turning left the interpreter could view the video-teamer during the 

work period, as though consulting a live teamer to “feed” them a sign. 

4.2.3 Experimental Protocol  

Upon arrival at the laboratory for the first time, the participant read and signed the informed 

consent form and completed a ParQ. Additionally, they were briefed on the protocol and set-up. 

After a series of warm-up exercises, participants were instrumented with Fastrak™ sensors 

(Figure 14).  

Participants were then asked to begin interpreting using the ideal 15-15 work-to-rest ratio 

for the 120-minute duration of the session (60 minutes of total “hands in the air” interpreting 

time). Interpretation was performed in a standing position, facing the camera. At the beginning 

and end of each 15-minute work period participants were asked to again return to anatomical 

position. Before and after each 15-minute work period, while the participant was in anatomical 
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position, a switch would be manually activated to allow the video and kinematic data to be 

synchronized at a later time. During rest intervals, a video was visible showing a COI interpreter 

interpreting the same lecture material to simulate a real working teamer relationship.  

 

Figure 14 Interpreter instrumented with motion recording sensors. (Note EMG was also 

collected as shown in the figure; however, this information is not discussed in the present 

manuscript) 

 

4.2.4 Data Treatment and Dependent Measures  

An electromagnetic motion capture system, Fastrak™ (Polhemus, Colchester, VT, USA), was 

used to record segment specific location and orientation information at a rate of 50 Hz. 

Electromagnetic sensors were placed at the approximate center of mass on the posterior aspect of 

the right and left hands, forearms, and upper arm segments. To provide a reference measurement 

to indicate neutral wrist and elbow postures, a 5-second recording was obtained before and after 

each work session where participants were instructed to stand upright in a neutral standing 

anatomical position.  
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 Using the direction cosine information emitted from each Fastrak™ sensor, joint angles 

about the flexion/extension and radial/ulnar deviation axes were calculated using the Joint 

Coordinate System method (Grood & Suntay, 1983). In this method two axis, “e1” and “e3” 

referred to as body fixed axis, are embedded in the two segments whose relative motion is to be 

observed. Using this approach the “e1” axis was coincident with the long axis of the forearm (x-

axis of the Fastrak sensor placed on the forearm) and the “e3” axis was coincident with an axis 

directed volarly through the hand (z-axis of the Fastrak sensor placed on the posterior aspect of 

the hand). The elbow flexion/extension angle was calculated as the dot product of the forearm and 

upper arm long axis (measured as the axis of the Fastrak sensors placed on the forearm and upper 

arm segments). All joint angles were expressed relative to the reference “neutral” anatomical 

position. These angles were used to calculate the variables needed to determine the kinematic 

workload and, in conjunction with published threshold limits, determine kinematic indicators of 

risk. These variables include the minute-by-minute average velocity and maximum range of 

motion (max and min), and percent time above limits. 

4.2.4.1 Range of Motion 

The joint angle data were used to calculate range of motion. A custom MATLAB program 

(Mathworks, Natick. MA) was created to extract the maximum and minimum angle for each joint 

and axis within non-overlapping one-minute samples of the data. Range of motion was defined as 

the difference between these two variables. The range of motion for a given 15 minute interval 

was then calculated as the average ROM of the one-minute segments that comprised that 

particular interval (Figure 15).  
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4.2.4.2 Percent Time Above Limits 

Time-series joint angle data were used to calculate the percentage of time spent in hazardous 

postures. Hazardous postures were defined as flexion, extension, radial deviation and ulnar 

deviation that exceed published thresholds for increased risk of MSD, 48.6° flexion, 37.3° 

extension, 14.5° of ulnar, and 21.8° of radial deviation (Keir et al., 2007). Joint angle data were 

coded frame-by-frame as low risk (0) or high risk (1) depending on whether angles exceed 

thresholds. The total score was summed over the interpreting segment and divided by the total 

number of frames yielding the percent time spent in a hazardous wrist posture for each 

interpreting segment (Figure 15). 

4.2.4.3 Average Velocity 

A custom MATLAB program (Mathworks, Natick. MA) was used to digitally filter the joint 

angle data using a 2nd order Butterworth filter with an effective cut-off frequency of 3Hz. Central 

difference differentiation was then used to determine velocity from the filtered data (Pezzack et 

al., 1977). The average velocity for each 15-minute sample was calculated as the mean of the 

absolute value of the time-series joint angular velocities from each joint and axis respectively 

(Figure 15). 

 

 

 

 

 

  

Frame By Frame Code (0,1) Risk/No Risk x 100% % Above Limits 
Joint 

Angle 

Velocity Avg Filter Differentiation 
1 Min x 

15 
Average 

1 Min x 15 ROM 
15 Min x 

4 

Max 

Min 
Average 

Figure 15 Data processing flow chart range of motion, average velocity, and % above limits 
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4.2.5 Data Analysis and Statistics 

To determine if novice SLI worked at a higher kinematic workload than the experienced SLI, the 

ROM, percent time in hazardous postures, and average velocity measures were compared 

between the two experience levels (Figure 16).  To determine if workload increased as a function 

of time the ROM, percent time in hazardous postures, and average velocity measures for each 

time interval were compared between time points (Figure 16). The interaction between time and 

experience was also compared. An increase in these variables over time may be indicative of an 

increase in fatigue or a decrease in efficiency resulting in more work done. To this end a mixed 

design ANOVA was used to detect the aforementioned differences. The between factors for 

experience consisted of “novice” and “experienced” designations, within subject factors were 

based on work to rest time periods 1 through 4 for each 15-minute work period. An alpha value of 

0.05 was used to determine significant differences while Greenhouse-Giesser corrections were 

applied when data did not meet sphericity assumptions as per Mauchly’s test of sphericity.  

 

Figure 16 - Schematic illustration indicating the within participant independent measure 

(time) and the between participant independent measure (experience level) 

 

Exposures to hazardous positions were also evaluated relative to stated thresholds.  ROM 

data were compared to the normative ROM data (maximum wrist flexion/extension ROM ≥ 150°, 

maximum radial/ulnar deviation ROM ≥ 50°, elbow flexion/extension ROM ≥ 150°, Clarkson, 
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2013) and mean velocities were compared to those associated with high-risk (wrist 

flexion/extension ≥ 42.2°/s, wrist ulnar/radial deviation ≥ 25.9°/s; Marras and Schoenmarklin, 

1993). 

4.3 Results 

4.3.1 Kinematics: Experience Main Effect 

Experience did not have an effect on any of the dependent variables, including mean ROM, 

percent time above limit, and mean joint angular velocity (Table 8). However, a large effect size 

was noted for the amount of time that was spent in radial deviation beyond the risk threshold. 

Considering this large effect size, it seems that there is experience related differences where 

experts spend more time in high risk radial deviation postures then novice SLIs (Figure 21 – 

panel C). However, the appearance of a large effect size, 0.14 or above (Cohen, 1988), in 

conjunction with a statistically insignificant result suggests that this study may be underpowered 

to detect this difference as significant. 
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Table 8 Statistical results of Factorial Mixed ANOVA when testing for main effect of 

experience on the dependent variables range of motion (ROM), joint angular velocity 

(Vmean), and amount of time spent above threshold limits (% Time Above Limit) while 

performing sign language interpretation. Mean values are for the four work to rest time 

periods (TP). 

Dependent 

Measure Type 
Side Joint 

Axis of 

Rotation 
F P Value 

Partial Eta 

Squared 

ROM (°) 

Left 

Wrist F/E 0.944 0.346 0.056 

Wrist R/U 0.004 0.952 0.000 

Elbow F/E 0.367 0.553 0.022 

Right 

Wrist F/E 0.431 0.521 0.026 

Wrist R/U 0.223 0.643 0.014 

Elbow F/E 0.020 0.889 0.001 

Vmean (°/s) 

Left 

Wrist F/E 2.413 0.140 0.131 

Wrist R/U 0.936 0.348 0.055 

Elbow F/E 0.097 0.760 0.006 

Right 

Wrist F/E 1.246 0.281 0.072 

Wrist R/U 1.717 0.209 0.097 

Elbow F/E 0.055 0.817 0.003 

% Time Above 

Limit 

Left 

Wrist F 0.010 0.923 0.001 

Wrist E 0.640 0.435
#
 0.038 

Wrist R 0.050 0.826
#
 0.003 

Wrist U 0.140 0.713 0.009 

Right 

Wrist F 0.024 0.880
#
 0.001 

Wrist E 0.047 0.831
#
 0.003 

Wrist R 2.665 0.122 0.143* 

Wrist U 0.023 0.880 0.001 

Significant main effect of time indicated by grey shading 

F indicated flexion, E extension, R radial, U ulnar 
#
Grenhouse-Geisser were applied as data did not meet sphericity assumption 

*Indicates a large effect size 

 

As indicated in Figure 17 the mean ROM about the flexion/extension axis (panel A) was 

between 84 and 90 degrees for the left hand and between 97 and 104 for the right hand. Similarly, 

in panel B ROM about the radial/ulnar axis was less in the left hand (between 54 and 58) where 

the right hand moved through a range of 63-68 degrees.  Flexion/extension about the elbow 
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(panel C) was more subtle with the left elbow moving between 63-70 degrees and the left 70-75 

degrees. To enhance interpretability, the dashed line indicates the normal population maximum 

ROM for radial/ulnar deviation, which SLIs exceed on average. The average flexion/extension 

did not exceed the normal population maximum (dotted line), for either the wrist or the elbow. 

Figure 18 shows that the movement about several axis were at or exceeded mean velocity 

thresholds (dashed and dotted lines, respectively). Similar to Figure 17, the mean velocities on the 

right side consistently exceeded those on the left, regardless of experience level. Left wrist and 

elbow flexion/extension (panels A and C) ranged from 32-38 and 23 degrees per second 

respectively and 54-61 and 32-36 degrees per second on the right. Mean velocity around the left 

wrist radial/ulnar deviation (panel B) ranged from 21-25 degrees per second and 32-37 degrees 

per second on the right. Figure 19, representing the amount of time SLI spend beyond published 

thresholds, did not follow the same pattern. The difference between left and right 

flexion/extension (panels A and B) were negligible, ranging from 11-15% during flexion and 

0.12-1.8% during extension. Radial and ulnar deviation (panels C and D) were opposites with 

right higher for radial, 12-26% versus 1-2.5%, and left dominating the right 32-40% and 7-10% 

for ulnar deviation.  

  



 

 

 

64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40

50

60

70

80

90

100

110

120

Left Right Left Right

Novice Experienced

M
ea

n
 R

O
M

 A
(°

) 

Wrist Orientation  

Flex/Ext TP1

Flex/Ext TP2

Flex/Ext TP3

Flex/Ext TP4

Flex/Ext Limit

40

50

60

70

80

Left Right Left Right

Novice Experienced

M
ea

n
 R

O
M

 B
(°

) 

Wrist Orientation 

Rad/Uln TP1

Rad/Uln TP2

Rad/Uln TP3

Rad/Uln TP4

Rad/Uln Limit

40

50

60

70

80

90

100

110

120

Left Right Left Right

Novice Experienced

M
ea

n
 R

O
M

 C
(°

) 

Elbow Orientation 

Flex/Ext TP1

Flex/Ext TP2

Flex/Ext TP3

Flex/Ext TP4

Flex/Ext Limit

Figure 17 Range of motion (mean ± standard deviation) for left and right 

wrist and elbow Flex/Ext, Rad/Uln deviation by experience level relative 

to normative ROM data (Clarkson 2013) 
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Figure 18 Angular velocity (mean ± standard deviation) for left and right 

wrist and elbow Flex/Ext, Rad/Uln deviation by experience level relative 

to MSD risk thresholds (Marras and Schoenmarklin, 1993) 
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Figure 19 Percent time beyond MSD thresholds (mean ± standard deviation) for left and right Flex, Ext, Rad, Uln deviation by 

experience level (Keir et al., 2007) 
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4.3.2 Kinematics: Time Main Effect 

Time had a significant effect on a subset of variables. The range of motion of the left wrist about 

the radial/ulnar deviation axis increased significantly over time (Table 9) while the mean angular 

velocity of the right elbow flexion/extension decreased significantly over time (Table 9). While 

there was a main effect for both variables, the statistical power limited the ability to tease out 

specific differences post-hoc (as indicated in Table 10). There was no significant difference for 

percent time above limit although there was a large effect size for the left wrist extension where 

the percent time for period three was higher than the other three time periods (Table 9). Time did 

have some significant effect on angular velocity and range of motion (Table 9). There was no 

significance for any interaction effects. 

As indicated in Figure 20 the ROM ranged from 55.08 degrees to 57.11 degrees over the 

four time periods. A similar comparison was also noted for the angular velocity in Figure 21, the 

mean velocity ranged from 35.09 to 32.57 degrees per second. While the trend for radial/ulnar 

deviation increased over the four time periods, the opposite was true for the mean angular 

velocity.  
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Table 9 Statistical results of Factorial Mixed ANOVA when testing for main effect of time 

on dependent variables related to range of motion (ROM), mean joint angular velocity 

(Vmean), and amount of time spent above threshold limits (% Time Above Limit) while 

performing sign language interpretation. Mean values are expressed as the grand mean 

across the experience factor. 

Dependent 

Measure 

Type 

Side Joint 
Axis of 

Rotation 

Mean Value (SD) 

F 
P 

Value 

Partial 

Eta 

Squared 
TP1 TP2 TP3 TP4 

ROM (°) 

Left Wrist F/E 85.99(8.7) 85.99(9.7) 86.78(9.8) 86.14(9.5) 0.016 0.902 0.001 

Left Wrist R/U 55.08(11.2) 55.27(10.6) 57.11(11.9) 56.74(11.3) 2.865 0.046 0.152* 

Left Elbow F/E 66.19(14.5) 67.02(15.9) 67.44(15.9) 67.95(15.7) 0.405 0.750 0.025 

Right Wrist F/E 101.50(14.3) 100.42(13.6) 101.19(14.1) 100.82(14.7) 0.426 0.735 0.026 

Right Wrist R/U 66.03(14.5) 64.66(14.4) 65.87(15.7) 65.69(15.6) 0.792 0.505 0.047 

Right Elbow F/E 71.76(10.3) 73.72(12.3) 73.05(11.4) 70.54(10.2) 1.700 0.180 0.096 

Vmean (°/s) 

Left Wrist F/E 35.53(6.2) 35.10(7.4) 35.10(6.3) 35.11(5.9) 0.135 0.939 0.008 

Left Wrist R/U 22.63(4.8) 22.38(4.9) 22.62(5.2) 22.06(4.6) 0.487 0.693 0.030 

Left Elbow F/E 22.34(6.5) 22.29(6.5) 22.26(5.7) 21.79(5.7) 0.585 0.628 0.035 

Right Wrist F/E 59.05(8.9) 57.43(8.5) 57.37(7.9) 57.84(9.1) 0.864 0.466 0.051 

Right Wrist R/U 35.27(6.1) 34.06(7.0) 34.77(7.7) 34.32(7.6) 1.080 0.367 0.063 

Right Elbow F/E 35.09(8.) 34.49(9.2) 33.40(6.5) 32.57(6.9) 2.832 0.048 0.150* 

% Time 

Above 

Limit 

Left Wrist F 12.06(10.7) 12.88(13.4) 12.82(14.5) 13.10(12.2) 0.125 0.945 0.08 

Left Wrist E 0.31(0.6) 0.42(0.6) 0.91(1.6) 0.19(0.4) 3.125 0.083
#
 0.163* 

Left Wrist R 1.48(2.7) 1.73(3.9) 1.91(2.5) 2.31(3.9) 1.376 0.267
#
 0.079 

Left Wrist U 34.32(27.7) 36.74(26.4) 33.89(21.9) 34.84(23.4) 0.282 0.835 0.017 

Right Wrist F 13.16(12.7) 15.06(11.2) 13.76(13.4) 14.40(11.7) 0.382 0.705
#
 0.023 

Right Wrist E 0.89(1.3) 0.64(1.0) 1.62(2.4) 0.69(0.8) 2.337 0.128
#
 0.127 

Right Wrist R 16.99(15.6) 19.38(15.7) 17.28(16.6) 17.04(12.2) 0.488 0.692 0.030 

Right Wrist U 9.22(9.6) 8.70(11.2) 8.91(8.0) 6.74(9.2) 1.613 0.199 0.092 

Significant main effect of time indicated by grey shading 

F indicated flexion, E extension, R radial, U ulnar 
#
Grenhouse-Geisser corrections were applied as data did not meet sphericity assumption 

*Indicates a large effect size 
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Figure 20 Range of motion (mean ± standard deviation) for four 15 minute time periods 

around the left wrist, radial/ulnar deviation 

 

 

 

Figure 21 Angular velocity (mean ± standard deviation) for four 15 minute time periods 

around the right elbow, flexion/extension 
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Table 10 Results of Bonferroni pairwise comparisons post-hoc test between time periods for 

significant effects of range of motion (ROM) and mean joint angular velocity (Vmean) 

Dependent 

Measure Type TP TP 
Mean 

Difference 

Standard 

Error p-value 

95% CI 

Lower Upper 

ROM (°) 1 

2 -0.19 0.79 1.000 -2.56 2.19 

3 -2.03 1.04 0.405 -5.15 1.09 

4 -1.66 0.94 0.575 -4.49 1.16 

Vmean (°/s) 1 

2 0.60 0.89 1.000 -2.08 3.28 

3 1.69 0.99 0.655 -1.30 4.68 

4 2.52 1.09 0.205 -0.75 5.79 

 

4.3.3 Kinematics: Understanding Results With Respect to MSD Risk Thresholds 

 Kinematic indicators of risk, velocity, ROM, percent time above limits, exceeded published 

thresholds for a selection of measures. Velocity threshold limits were exceeded by the right wrist 

in flexion/extension (Figure 18) and in radial/ulnar deviation. ROM values also exceeded 

normative ROM data for left and right wrist radial/ulnar deviation, but not for left and right wrist 

and elbow flexion/extension (Figure 17).  

The final kinematic indicator of risk for MSD was the percent time spent beyond 

published thresholds in flexion, extension, radial deviation and ulnar deviation (Keir et al., 2007).  

Again, there was no significant difference between novices and more experienced interpreters 

but, as seen in Figure 19, all SLI’s spend time in postures consistent with risk for MSD. 

Specifically when considering radial and ulnar deviations, SLIs spent between 10-25% of time in 

hazardous deviation about the right wrist, and more then 30% on the left. On average, SLI spent 

10-15% of time above limits for both left and right flexion and right ulnar deviation (Figure 19). 

With the exception of left ulnar deviation, the right side appears to be at higher risk for MSD than 

the left with higher mean ROM, velocity, and percent time beyond MSD thresholds.  This would 
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seem to be consistent with the higher rates of reports of pain and injury in the right side of the 

body (Woodcock & Fischer, 2008).  

4.4 Discussion  

Contrary to anecdotal evidence, the results did not demonstrate an experience related effect on the 

kinematic data. The work of sign language interpretation is very demanding and poses an 

elevated risk of MSD to SLI regardless of experience level due to the exposure to high kinematic 

demands. Further, while time did have some significant effect, the lack of an interaction of time 

and experience appears to reject our third hypothesis where it was believed that novices might be 

more affected by time than experienced SLIs. However, despite of statistically insignificant 

results for the experience main effect, select variables were observed to have large effect sizes 

suggesting that future work could aim to dig deeper. 

 Time did have a significant effect on angular velocity and range of motion at select joints 

even though SLIs worked in a preferred work to rest ratio. From this data, the right elbow has 

slowed down while the radial/ulnar deviation for the range of motion on the left wrist has 

increased. In ASL, the right hand builds the signs and articulates different gestures around the left 

hand, which acts as a base. Typically the left side is required to move less while the right does the 

bulk of the work. This may indicate a shifting of the workload between limbs as an adaptation 

due to increased fatigue; increased postural deviations and increased sign velocity/acceleration 

has been shown to increase risk of MSD (Marras et al., 1992, Temple et al., 1998, Keir et al., 

2007). While anecdotal evidence also suggests that novice SLI would sign less efficiently over 

time, possibly indicated by increased ROM, these data imply the time sensitive changes occur 

equally in both novice and more experienced interpreters.  
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Unlike with time, there was no significant main effect for experience level on any of the 

defendant variables. However, for percent time above limits there was a large effect size but 

again with no significance. Right wrist radial deviation indicted that more experienced SLI spent 

more time at risk, approximately 10 percent in each of the four time periods, then their less 

experienced counterparts. The occurrence of a large effect size and lack of statistical significance 

finding may be due to a potential limitation caused by the small number of participants. Another 

possible explanation for the lack of a main effect for experience could be, even in ideal work to 

rest ratio, is the high level of physical demand. Any advantage referred to anecdotally by SLI, 

where more experienced interpreters develop coping skills to better adapt to demand, may have 

been negated. 

Based on the kinematic data, it is clear that both novices and more experienced 

interpreters are exposed to high levels of physical demand. The limited literature available 

containing kinematic data indicate the ranges found in this study are consistent with their 

findings. The research conducted by Delisle et al. (2005) and Qin et al. (2008) reported mean 

angular velocities of 53-84°/s and 28-47°/s about the flexion/extension and radial/ulnar deviation 

axis of the wrist on the dominant hand. These constantly high motion rates across studies on SLI 

suggest that interpretation requires a high requisite rate of motion, high repetition. Considering 

the importance of these motions to the language required to be output, even with differences in 

psychophysical factors and responses, SLI’s across experience level move at rates that exceed 

reported thresholds which puts them at risk for development of MSD (Marras and Schoenmarklin, 

1993, Shealy et al., 1991; Feuerstein et al., 1991; Qin et al., 2008). Gallagher and Heberger 

(2013) have demonstrated that tasks involving low force and high repetition, as seen here, are 

likely to pose an elevated risk when repetitions are “excessively” high. The data shows that 
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flexion, extension, radial, and ulnar deviation about the wrists are at, and in some cases far 

exceed, the MSD thresholds going beyond 60 degrees per second. At a high rate of movement 

SLI’s as a profession do not require “forceful effort” to be at risk of injury (Gallagher & 

Heberger, 2013).  

Besides high velocity, interpreters also spent a considerable amount of time in high-risk 

postures, leaving them vulnerable to carpal tunnel. Based on recommended thresholds reported by 

Keir et al. in 2007, both novice and more experienced interpreters spend 32-40% of their time 

with the left wrist in ulnar deviation, 12-26% of the time right wrist in radial deviation. Previous 

research states wrist postures with this degree of deviation are likely to increase pressure in the 

carpal tunnel above 30mm Hg in at least 25% of the population (Keir et al., 2007) which is 

consistent with carpal tunnel patients (Gelberman et al., 1981). Current accepted knowledge 

states that carpal tunnel pressures must exceed thresholds for two hours or more before nerve 

injury; research by Rempel & Diao (2004) indicates that repetitive-entrapment loading is a viable 

mechanism for injury. Therefore, due to the increased pressure, interpreters may be at risk for 

developing carpal tunnel syndrome. Even without a forceful pressure or exertion, with exposures 

at or exceeding established MSD threshold limits for range of motion, velocity, and percept time, 

the impact of sign language interpretation on kinematics further strengthens the argument that 

these factors may precipitate MSDs among this population (Fischer et al., 2012). This is 

especially true for radial/ulnar deviation about the right and left wrists, the only measure to far 

exceed all available limits. 

4.4.1 Study Limitations 

Sample size: Despite approximately one year of recruitment, the sample size was limited to 

eighteen interpreters; nine novices, and nine experts. The statistical results indicate the study was 
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underpowered to detect large effect sizes. Several variables reported a large (partial eta 

squared) (Tables 8-10, 14), indicating a large effect but the p value was greater than 0.05. At 

present it was not feasible to obtain a larger pool of participants due to the availability of sign 

language interpreters who met the criteria laid out in the study protocol. The lack of available SLI 

that meet the study parameters just reaffirm the need for a better understanding of the factors 

effecting MSD and effective risk mitigation controls. Future iterations of this study may include 

further testing on a larger population to further validate the findings reported.  

Instrumentation limitations: Post collection, it was noted that the custom data collecting 

software, (LabView 8.2.1, National Instruments, Austin, TX) was suffering from a buffering 

problem that altered the sampling rate.  Since the total period of each sample was known, the data 

were resampled at 70 Hz using custom software (MATLAB, Mathworks, Natick. MA). This 

correction was effective but did reduce the sampling rate for motion capture to 70 Hz. For future 

iterations of this study, use of wireless motion capture instrumentation would be best.  

Interpreter style and message quality: There are a large number of factors to control for when 

working with a diverse group, such as age, gender, level and type of experience, etc. When 

determining workload based on kinematic factors, interpreter style and message quality are 

important factors to consider. An interpreter’s personal style will determine how he or she signs, 

the size of the area worked in, and to some extent how fast or slow signs are produced. Some 

interpreters are more ballistic the others.  

 Message quality is an important factor. Without a qualified interpreter involved in this 

phase of the study we are unaware of the quality of the output for each subject. While motion and 

range of motion can be determined, we do not know if the motions recorded represent an accurate 

high-quality or less efficient, lower quality interpretation. When comparing two different 
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interpreters one may seem to have moved less, but is this because he or she has used more 

efficient signs or has skipped some content in order to keep up with the lecture?  Future work to 

analyze the accompanying video will be useful in addressing this limitation.  

Representation of the workplace environment: A concerted effort was made to adequately 

replicate the typical working conditions experienced by SLI in a classroom setting. Results from a 

post-test debriefing questionnaires found that interpreters agreed that the setup was an adequate 

reproduction. The main deficiencies reported were lack of real interaction with a live teamer and 

client. The lab environment attempted to replicate the real world while also control as many 

external factors as possible. For the most part we were successful as evidenced by the ratings 

given but more can be done in the future. For the first session interpreters reported being more 

stressed and anxious about the environment, being on camera, and wearing the equipment. In 

future it may be wise to not collect data on the first session and wait until session two when 

participants are more comfortable.  

The workplace environment chosen, a University lecture setup may not be applicable to 

all working conditions. SLI work in a diverse range of environments of which 35% are in an 

institutional setting working in a full time capacity, 15% split time between full time work and 

freelance, while the remainder freelance the majority of the time (Fischer & Woodcock, 2012) 

It is also important to note that measurements were determined to be above thresholds 

from previous research. As previously stated, not a lot of research has been done on the field of 

sign language interpreting and its relation to MSD while some of the thresholds have been 

thoroughly researched, new research continues to redefine how we understand the complexities of 

interpretation. 
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4.5 Conclusions  

Regardless of experience level, sign language interpretation is a highly demanding task that 

exposes the interpreter to an increased risk of musculoskeletal disorders. Even during an ideal 

work to rest ratio kinematic data show that SLI reach or exceed known kinematic indicators of 

risk, especially in the dominant wrist. Besides highlighting their high cognitive and physical 

demand, in conjunction with previous research, a case has clearly be made that interpreting 

requires movements at rates consistent with those known to cause MSD, even without an external 

forceful effort. Anecdotal evidence has indicated that injuries to interpreters are perceived as not 

work-related, even by some workers compensation boards, without the perceived perquisite 

forceful effort. These data support that the rates of motion are so high that a forceful effort 

requirement may not be necessary.    
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Chapter 5 

General Discussion  

Interpreting is a very physically and cognitively demanding task, one that provides a vital service 

to society. SLI workload is a combined physical and cognitive phenomenon with cognitive 

demand playing an important role in the minds of interpreters, even with an ideal work to rest 

ratio. Considering the predominantly physical nature of interpreting, it was expected that self-

reports would focus on physical fatigue/discomfort. Interestingly during initial debriefing, 

questions were asked regarding perceptions of fatigue, without specifying which type of fatigue 

was being experienced. SLIs commented almost exclusively on cognitive fatigue, physical fatigue 

was commented on much less frequently, necessitation the development of the debrief 

questionnaire. 

Experience did not affect psychophysical perception or physical demand in SLI during 

interpreting. Statistical analysis reported no significance for experience level but was more 

ambiguous when describing the experience/work to rest ratio interaction. Based on the kinematic 

data, it is also clear that both novices and more experienced interpreters are both exposed to high 

levels of physical demand with no significant difference. These data also show that interpreters 

across experience level move at rates that exceed reported thresholds that may increase their risk 

for development of MSD (Marras and Schoenmarklin, 1993, Shealy et al., 1991; Feuerstein et al., 

1991; Qin et al., 2008).  

Based on a review of current literature it was determined that a work to rest ratio 

intervention may help alleviate MSD concerns if an optimal ratio could be determined. Based on 

subjective feedback from SLIs, a ratio of 15 minutes work interspersed with 15 minute rest 



 

 

 

78 

intervals, was ideal, considered as not very tiring and “allowed you to get into the flow”. 

Respondents were most familiar with this schedule which was slightly less physically demanding, 

allowed interpreters enough time to set up and create more efficient signs with better grammar 

and context. This data supports well current practice and literature where the 15-15 ratio is most 

commonly used when rotating between two interpreters.  

 However, despite SLIs preference to work using a 15-15 ratio, kinematics were affected 

over time when using this ratio. The specific tests for time show some significant effects on 

angular velocity and range of motion. Despite the use of the ideal work to rest ratio the right 

elbow slowed down while the radial/ulnar deviation on the left wrist increased. This may indicate 

a shifting of the workload between limbs as an adaptation due to increased fatigue. A significant 

change in kinematics due to time suggests the work exposure was high enough to have an impact. 

If true this would indicate that even in this ideal ratio, the kinematic demand of interpretation is 

high. Conscious or unconscious shifting of the workload could also help to explain the high 

incidents of pain reported in the upper extremities, shoulders, and neck. Reducing the kinematic 

demands in the wrist and forearms should mean less shifting of workload leading to less work and 

discomfort in the upper extremities as well. 

The indicators of workload, velocity, ROM, and percent time above limits, provided 

some interesting insights. The constantly high motion rates of SLI for this and other studies 

suggest that interpretation requires a high rate of motion, high repetition. Considering the 

importance of these motions to the language required to be output, even with differences in 

psychophysical factors and responses, Gallagher and Heberger (2013) have demonstrated that 

tasks involving low force and high repetition, as seen here, are likely to pose an elevated risk 

when repetitions are “excessively” high. The data shows that flexion, extension, radial, and ulnar 
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deviation about the wrists are at, and in some cases far exceed, the MSD thresholds. Iinterpreters 

also spent a considerable amount of time in high-risk postures, leaving them vulnerable to carpal 

tunnel. The wrist postures experienced by SLI here indicate a degree of deviation likely to 

increase pressure in the carpal tunnel above 30mm Hg in at least 25% of the population (Keir et 

al., 2007), which is consistent with carpal tunnel patients (Gelberman et al., 1981). Even without 

a forceful pressure or exertion, exposures at or exceeding established MSD threshold limits for 

ROM, velocity, and percept time, the impact of sign language interpretation on kinematics further 

strengthens the argument that these factors may precipitate MSDs among this population (Fischer 

et al., 2012). This is especially true for radial/ulnar deviation about the right and left wrists, the 

only measure to far exceed all available limits. 

SLI workload is a combined physical and cognitive phenomenon, with cognitive demand 

playing a dominant roll. It is hoped that by identifying an acceptable “ideal” work to rest ratio, 

recommendations can be made to help SLI better manage exposure. The data here can be used to 

develop policy for SLI to help embolden them to take more control of their work environment 

and better protect themselves. Anecdotal evidence has also indicated that injuries to interpreters 

are perceived as not work-related, even by some workers compensation boards, without the 

perceived perquisite forceful effort. These data support that the rates of motion are so high that a 

forceful effort requirement may not be necessary, which may strengthen future compensation 

claims for injured workers.   

5.1 Study Strengths 

The project as a whole was designed to be a thorough review of the issues facing SLI in 

conjunction with MSD currently developed.  It is the first study to include motion capture, EMG, 

psychophysical and psychosocial measures, as well and a full analysis of the linguistic content of 
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the interpreter outputs over a number of work to rest schedules across experience levels. It has the 

potential to produce a great deal of research and make a strong impact in the field.  

From the very beginning of the project design, highly experienced interpreters have been 

advising the team, from protocol design to participant recruitment. The participants themselves 

were also very keen to take part, there is a clear understanding for the need for this research and 

their buy in was quick and strong. With this input we were able to design a very accurate 

workplace simulation which not only decreased the discomfort level of the participants but also 

let us control for many of the confounders were would not be able to control for in a non-

laboratory setting.   

The completion of this thesis is just a first step in a much longer road. The high quality 

data extracted from this research will be sent for publication to add to the unfortunately small 

collection of research currently available on this topic. MSD has a very serious impact not only 

on the interpreters and their career longevity but also the deaf community they service.  I am 

confident this research will provide a better understanding of the factors influencing MSD and 

may eventually aid in the creation of protocols for SLI working in the field.  

5.2 Study Limitations 

Sample size: Despite approximately one year of recruitment, the sample size was limited to 

eighteen interpreters; nine novices, and nine experts, of these twelve paired participants took part 

in the debrief questionnaire in manuscript one. The debrief questionnaire was developed later in 

the research protocol and as such not all participants debriefed were asked to complete it. In total 

fourteen participants completed all aspects of the questionnaire but only twelve of them were 

matched pairs, both the novice and more experienced interpreter both completed the same 

protocol and work to rest schedule in the same order.  
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The statistical results indicate the study was underpowered to detect large effect sizes. 

Several variables reported a large (Tables 8-10, 14), indicating a large effect but the p value 

was greater than 0.05. At present it was not feasible to obtain a larger pool of participants due to 

the availability of sign language interpreters who met the criteria laid out in the study protocol. 

The lack of available SLI that meet the study parameters just reaffirm the need for a better 

understanding of the factors effecting MSD and effective risk mitigation controls. Future 

iterations of this study may include further testing on a larger population to further validate the 

findings reported.  

Instrumentation limitations: Post collection, it was noted that the custom data collecting 

software, (LabView 8.2.1, National Instruments, Austin, TX) was suffering from a buffering 

problem that altered the sampling rate.  Since the total period of each sample was known, the data 

were resampled at 70 Hz using custom software (MATLAB, Mathworks, Natick. MA). This 

correction was effective but did reduce the sampling rate for motion capture to 70 Hz. For future 

iterations of this study, use of wireless motion capture instrumentation would be best.  

Interpreter style and message quality: There are a large number of factors to control for when 

working with a diverse group, such as age, gender, level and type of experience, etc. When 

determining workload based on kinematic factors, interpreter style and message quality are 

important factors to consider. An interpreter’s personal style will determine how he or she signs, 

the size of the area worked in, and to some extent how fast or slow signs are produced. Some 

interpreters are more ballistic the others.  

 Message quality is an important factor. Without a qualified interpreter involved in this 

phase of the study we are unaware of the quality of the output for each subject. While motion and 

range of motion can be determined, we do not know if the motions recorded represent an accurate 
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high-quality or less efficient, lower quality interpretation. When comparing two different 

interpreters one may seem to have moved less, but is this because he or she has used more 

efficient signs or has skipped some content in order to keep up with the lecture?  Future work to 

analyze the accompanying video will be useful in addressing this limitation.  

Representation of the workplace environment: A concerted effort was made to adequately 

replicate the typical working conditions experienced by SLI in a classroom setting. Results from a 

post-test debriefing questionnaires found that interpreters agreed that the setup was an adequate 

reproduction. The main deficiencies reported were lack of real interaction with a live teamer and 

client. The lab environment attempted to replicate the real world while also control as many 

external factors as possible. For the most part we were successful as evidenced by the ratings 

given but more can be done in the future. For the first session interpreters reported being more 

stressed and anxious about the environment, being on camera, and wearing the equipment. In 

future it may be wise to not collect data on the first session and wait until session two when 

participants are more comfortable.  

The workplace environment chosen, a University lecture setup may not be applicable to 

all working conditions. SLI work in a diverse range of environments of which 35% are in an 

institutional setting working in a full time capacity, 15% split time between full time work and 

freelance, while the remainder freelance the majority of the time (Fischer & Woodcock, 2012) 

It is also important to note that measurements were determined to be above thresholds 

from previous research. As previously stated, not a lot of research has been done on the field of 

sign language interpreting and its relation to MSD while some of the thresholds have been 

thoroughly researched, new research continues to redefine how we understand the complexities of 

interpretation. 
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5.3 Contributions to OHS 

Besides highlighting the high cognitive and physical demand SLI’s are exposed to while signing, 

in conjunction with previous research, a case has clearly be made for interpreting to be high risk 

for MSD even without an eternal forceful effort. The data has shown the 15:15 ratio is considered 

ideal for LSI. Anecdotal evidence has indicated that injuries to interpreters are perceived as not 

work-related, even by some workers compensation boards, without the perceived perquisite 

forceful effort. This data debunks that change that.  

5.4 Future Directions of the Project 

As illustrated in Figure 22, this thesis is a small part of an overall set of future goals. The data 

from this thesis will be used as the “ideal” base for comparison between the other five work to 

rest ratios. A similar process will be carried out for EMG data. This data will then be combined 

with an extensive analysis of linguistic variables to be conducted by highly qualified experts in 

the field of SLI. Considering the lack of strong literature and data currently existing for this field, 

a robust, multivariable dataset of interpreting work samples, measurement methods and modeling 

tools are needed to better quantify the relationship between physical work and cognitive/linguistic 

factors discussed in this thesis. Upon completion we should be able to use the data to recommend 

a work to rest schedule, and provide a better understanding of the cognitive/linguistic 

determinants of physical work. Future studies will enable us to recommend and evaluate 

cognitive and linguistic interventions and better refine the physical variables with better controls 

and possibly collecting data on additional work to rest ratios. 

 The focus of this study is to better understand how the different work factors affect 

injuries, and how to reduce the risk of these injuries and other MSD from occurring, or at least 

minimizing their impact. This goal can be achieved by better understanding the demands of 
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interpreting, the impacts of work to rest ratios and other interventions, providing a means to 

evaluate them, and proposing legislative guidelines to better support their needs.  Also, while this 

study does focus on the needs to SLI, the fundamental principles can easily be applied to other 

industries. Other occupations that involve similar physiological movements, psychophysical 

factors, and high demand, low control tasks may benefit the knowledge gained and interventions 

devised.  

 

 

Figure 22 Future directions of research 
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Appendix A 

Detailed Protocol 

Before visit: 

1. Subject is recruited through AVLIC, George Brown, posters or e-mail and informed of 

experiment protocol  

2. Subject is given prep material for upcoming lectures as per industry standard  

1. PowerPoint presentations of the lectures  

2. Profile/introduction of client (mock client) 

Beginning of trial: 

3. When subject arrives in the lab for the first time: 

1.  Subject reads and signs informed consent form and ParQ 

2.  Given detailed explanation of the protocol and set-up 

4. Subject performs warm up exercises including calisthenics and stretching 

5. Subject changes into short sleeve t-shirt provided 

6. Investigators must located muscles required for EMG testing: 

1. Extensor Carpi Radialis Longus and Brevis: 

i. While subject is seated. rest forearm on flat surface, elbow at 90º, wrist 

over edge of surface 

ii. Raise the hand at approximately 30º from the flat surface 

iii. Push down on the area of the hand closest to the thumb while 

encouraging the subject to apply resistance by pushing up 

iv. Apply resistance to different areas of the hand to better isolate the 

desired muscles (longus and brevis)  
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2. Middle Deltoid  

i. While subject is standing, position arm at 90 º to the body, arm out, 

thumb pointed down 

ii. Apply downward pressure to elbow are while subject keeps arm straight 

and pushes up 

iii. Locate muscle then further isolate the middle deltoid encouraging the 

subject push arm forward then back, while resistance is applied 

3. Upper Trapezius  

i. While remaining standing, encourage subject to shrug his or her 

shoulders while applying resistance (push down) and locate muscle 

ii. Ideal location should be 1/2 to 2/3 the distance from the spine to the 

outer tip of the shoulder 

4. Infraspinatus  

i. While remaining standing, encourage subject to put his or her arm behind 

his or her back to better isolate the edges of the scapula (shoulder blade) 

and spine of the scapula. Place your palm over the scapula 

ii. Put a towel between the subjects arm and side to keep the upper arm 

isolated 

iii. With elbow at 90º, rotate arm out while applying resistance 

iv. Muscle direction can be assumed to go from top corner of shoulder to the 

lower corner of the scapula 

7. Investigator shaves area if amount of hair resent would interfere with electrodes  

8. Isopropyl alcohol (rubbing alcohol) is used to clean the skin  
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9. Place double snap electrodes on the designated locations, including ground lead on left 

clavicle, electrodes following the direction of the muscles  

10. Test location of the leads by repeating previous steps while leads are attached 

11. Secure electrodes to the skin with Mefix 

12. EMG is connected to the electrodes: 

1. Right carpi 

2. Right deltoid  

3. Right trap 

4. Right infra 

5. Left carpi 

6. Left deltoid 

7. Left trap 

8. Left Infra 

13. Secure wires with tape to decrease weight on the interpreter and decrease risk of tangling 

14. Conduct maximum voluntary contractions (MVC) on the different muscle areas using the 

same step for locating the muscles  

15. Repeat each contraction three times, allowing 5 to 10 seconds between repetition, while 

encouraging the subject to complete the maximum possible contraction without incurring 

injury 

16. Motion capture Sensors are attached to the following body segments:  

1. Back of right hand  

2. Right forearm 

3. Right upper 
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4. Back of left hand 

5. Left forearm 

6. Left upper arm 

7. Head (hat) 

8. Upper back  

17. First spray area with adhesive, then place the motion sensor on the adhesive, tightly cover 

with Mefix, and wait for adhesive to dry 

18. Secure wires with tape to decrease weight on the interpreter and decrease risk of tangling 

19. Test range of interpreter to ensure equipment doesn’t inhibit range of motion and video 

camera captures full range of motion 
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Appendix B 

Ethics Approval 

 

B.1 Ryerson University 
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 Ryerson Home > Online Ethics Submission and Review System > Protocol View

Email sent to applicant on March 29, 2010 06:33:08 PM

From: rebchair@ryerson.ca
To: kathryn.woodcock@ryerson.ca
Cc: rebchair@ryerson.ca
Subject: REB 2010-036 Status
Date: March 29, 2010 06:33:08 PM

Dear Kathryn Woodcock,

Kathryn Woodcock 
REB 2010-036 
The relationship between cognitive work, physical work, and the initiation of musculoskeletal fatigue
during sign language interpreting: Developing evidence-based work-to-rest ratios 

The Research Ethics Board has completed the review of your submission. Your research project is now
approved for a one year period as of March 29, 2010.The approval letter is attached in Adobe Acrobat
(PDF) format. 

Congratulations and best of luck with the project. 

Please quote your REB file number (REB 2010-036) on future correspondence.

If you have any questions regarding your submission or the review process, please do not hesitate to
get in touch with the Research Ethics Board (contact information below). 

No research involving humans shall begin without the prior approval of the Research Ethics Board.

Record respecting or associated with a research ethics application submitted to Ryerson University.

Yours sincerely,

Alex Karabanow on behalf of
Sharon Wong , Ph.D.
Interim Chair, Research Ethics Board

___________________________________________________________
Alexander Karabanow
Office of the Vice President, Research and Innovation
Ryerson University, 350 Victoria Street, Room YDI 1154
Toronto, Ontario, Canada M5B 2K3
Phone: (416) 979-5000 Ext. 7112, Fax: (416) 979-5336
Email: alex.karabanow@ryerson.ca Web: http://www.ryerson.ca/research
___________________________________________________________

Print Email  Close Window
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 Ryerson Home > Online Ethics Submission and Review System > Protocol View

Email sent to applicant on June 29, 2011 08:15:59 AM

From: rebchair@ryerson.ca
To: kathryn.woodcock@ryerson.ca
Cc: rebchair@ryerson.ca
Subject: REB 2010-036 Status
Date: June 29, 2011 08:15:59 AM

Dear Kathryn, 

Your research project is now approved for renewal for an additional year as of June 29, 2011. 
This is a renewal for REB file # REB 2010-036. The approval letter is attached in Adobe Acrobat (PDF)
format. 

Congratulations and best of luck with the project. 

Please quote your REB file number (REB 2010-036) on future correspondence.

If you have any questions regarding your submission or the review process, please do not hesitate to
get in touch with the Research Ethics Board (contact information below). 

Record respecting or associated with a research ethics application submitted to Ryerson University.

Yours sincerely,

Nancy Walton , Ph.D.
Chair, Research Ethics Board

Associate Professor
Ryerson University POD470B
350 Victoria St., Toronto, ON
(416)979-5000 ext. 6300
nwalton@ryerson.ca
rebchair@ryerson.ca
http://www.ryerson.ca/research
___________________________________________________________
Toni Fletcher, MA
Research Ethics Co-Ordinator
Office of Research Services
Ryerson University
(416)979-5000 ext. 7112
toni.fletcher@ryerson.ca
http://www.ryerson.ca/research
___________________________________________________________

Print Email  Close Window
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B.2 Queen’s University 
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B.3 Informed Consent 
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Appendix C 

Preparatory Materials 

C.1 Mock Client Profile 

 “Hi, my name is Alicia King. 

Nice to meet you. I don’t think you have interpreted for my classes before. 

I am in 3
rd

 year BA program 

I went to a deaf school and graduated top in my class. 

I went to Gallaudet for a year. I loved the life on campus but my classes were a little too easy, so I 

transferred here. I hope to go to grad school in the future. 

I am on a co-op work term this year, so I am taking this class by Distance Education. I will be 

watching you on Skype, but you can’t see me. Some days, I have to record the video and watch it 

later. I won’t be able to feed you a sign, but if the professor uses technical terms or names often, I 

don’t mind if you use a name sign or adapt an ASL sign. 

Also, I should tell you I took this course for 10 weeks until I had a bicycle accident last summer. 

Because of that, the subject – I am pretty familiar with the concepts. I have also done a lot of 

reading about the topics presented. But these are different professors so I am excited about the 

new lectures. 

I am looking forward to watching your video!” 
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C.2 PAR-Q 
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C.3 Sample PowerPoint Slides 
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Appendix D 

MATLAB Code 

D.1 Kinematic Processing 

function varargout = SLI_kinematic_processing(varargin) 

% Function Name:        SLI_kinematic_processing.m 

% 

% Function Purpose:     The SLI kinematic processing tool was 

developed to calculate 

%                       joint angles based on on data collected 

%                       using the Fastrak system and the marker set 

described in 

%                       Ron Johnson's MSc Proposal.   

% 

% Parent Functions:     none                      

% 

% Sub Functions:        calculate_relevant_angles.m 

%                       position.m 

%                       velocity.m 

%                       micro_break.m 

%                       estimate_risk.m 

% 

% Input Data:           Trial data                  The user 

selected raw data file for the selected participant and trial 

%  

% Output Data:          *_dependent_measures        A matrix 

describing dependent measures as outlined in Ron Johnson's MSc 

proposal.  

%                                                   An individual 

file is written out for each work segment within the selected trial. 

%                       *_time_spent_at_risk        A matrix 

describing the amount of time spent in hazardous wrist postures.  

%                                                   A single file is 

written containing the results from all of the corresponding work 

segments 

%  

% Date Last Modified: 15-May-2012  

% 

% Author: Steven Fischer 

 

% ------------- Begin initialization code - DO NOT EDIT ------------

------ 

gui_Singleton = 1; 

gui_State = struct('gui_Name',       mfilename, ... 
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                   'gui_Singleton',  gui_Singleton, ... 

                   'gui_OpeningFcn', 

@SLI_kinematic_processing_OpeningFcn, ... 

                   'gui_OutputFcn',  

@SLI_kinematic_processing_OutputFcn, ... 

                   'gui_LayoutFcn',  [] , ... 

                   'gui_Callback',   []); 

if nargin && ischar(varargin{1}) 

    gui_State.gui_Callback = str2func(varargin{1}); 

end 

if nargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 

else 

    gui_mainfcn(gui_State, varargin{:}); 

end 

function SLI_kinematic_processing_OpeningFcn(hObject, eventdata, 

handles, varargin) 

handles.output = hObject; 

guidata(hObject, handles); 

function varargout = SLI_kinematic_processing_OutputFcn(hObject, 

eventdata, handles)  

varargout{1} = handles.output; 

% --------------- End initialization code --------------------------

----- 

 

% -- Operates when user clicks the "select the trial to process" 

button -- 

function pushbutton1_Callback(hObject, eventdata, handles) 

[file, path] = uigetfile('*', 'Select the .MAT file to process'); 

set(handles.path, 'string', path); % Stores the pathname for the 

selected file 

set(handles.file, 'string', file); % Stores the filename for the 

selected file 

 

% --- Operates when user clicks the "click to begin processing" 

button --- 

function go_process_Callback(hObject, eventdata, handles) 

path = get(handles.path, 'string'); % Retrieve the pathname for the 

selected file 

file = get(handles.file, 'string'); % Retrieve the filename for the 

selected file 

dataset = load([path,file]); % open the selected file 

names = fieldnames(dataset); % detect all the structure fieldnames 

names = sort(names); % Sort the fieldnames to ensure they are in a 

known order 
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files_to_process = names(strmatch(file(:,1:end-4), names)); % 

determine which fields have relevant motion capture data from the 

work only segments 

[ro, co] = size(names); 

num_files_index = ro; 

SR = str2double(get(handles.SR,'string')); % Retrieve the user 

entered sampling rate 

 

set(handles.data_structure, 'string', names); 

 

for i = 1:num_files_index 

    set(handles.uipanel1,'visible','off'); 

    variable = {char(names(i))}; 

    data = getfield(dataset,char(variable)); 

    [joint_angles] = calculate_relative_angles(data, SR); % Runs the 

sub-function "calculate_relative_angles" in order to calculate 

angles using the Joint Coordinate System Method (Grood & Suntay 

1983) 

    cut=(1.247*3)/(SR/2); % The effective filter cut-off can be 

altered here by changing the 3 to another effect cut-off frequency 

    [U,V]=butter(2,cut); % Set the parameters for a 2nd order 

Butterworth filter with an effective cut-off of 3 hz 

    pad_front = flipud(joint_angles(1:SR,:)); % Pad data via 

reflection for 1 second of data 

    pad_back = flipud(joint_angles(end-SR:end,:)); % Pad data via 

reflection for 1 second of data 

    padded_angles = filtfilt(U,V,[pad_front; joint_angles; 

pad_back]); % padded for 1 second pre and post 

    filtered_angles = padded_angles(SR+1:end-SR,:); % filtered time 

series joint angle data with padding points removed 

    [average_output, rom_output] = position(filtered_angles, SR); % 

Sub-function to calculate the postion variables 

    [min_output, max_output, average_velocity, angular_velocities] = 

velocity(filtered_angles, SR); % Sub-function to calculate the 

velocity variables 

    [breaks_output] = micro_break(angular_velocities, SR); % Sub-

function to calculate the micro-break variables 

    [risk_output] = estimate_risk(filtered_angles); % Sub-function 

to calculate the time spent in hazardous wrist postures based on 

Keir et al., 2007 

    if i == 1 

        risk = risk_output; 

    else 

        risk = [risk; risk_output(2,:)]; 

    end 
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    all_data = [rom_output(1,:); {'ROM', 0, 0, 0, 0, 0, 0}; 

rom_output(2:end,:); {'AVERAGE POSTURE', 0, 0, 0, 0, 0, 0}; 

average_output(2:end,:);{'MINIMUM VELOCITY', 0, 0, 0, 0, 0, 0}; 

min_output(2:end,:); {'MAXIMUM VELOCITY', 0, 0, 0, 0, 0, 0}; 

max_output(2:end,:); {'AVERAGE VELOCITY', 0, 0, 0, 0, 0, 

0};average_velocity(2:end,:); {'MICRO BREAKS', 0, 0, 0, 0, 0, 

0};breaks_output(2:end,:)];  

     xlswrite([path,char(variable),'_dependent_measures'],all_data); 

% write out the dependent measures for the current work segment 

being processed 

 

end 

risk_time = [[' '; names], risk]; 

filename = char(variable); 

xlswrite([path,filename(1:end-1),'_time_spent_at_risk'],risk_time); 

% write out the time spent in hazardous wrist postures for all work 

segements for this participant in this condition 

 

% --- when the message box is displayed, the following code allows 

the user 

% interactive control of the joint angle listbox in order to display 

the 

% corresponding joint angles in the plot ---------------------------

----- 

function angles_Callback(hObject, eventdata, handles) 

angles = get(0,'userdata'); 

angle_index = get(handles.angles,'value'); 

 

axes(handles.view_angles) 

plot(angles(:,angle_index)) 

xlabel('frames') 

ylabel('angle (deg)') 
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D.2 Down-Sampling  

[MC_filenames, pathname] = uigetfile('*.*',  'Select files you wish 

to convert and combine', 'MultiSelect', 'on'); 

 

[Row, number_of_files_selected] = size(MC_filenames);  

 

h = waitbar(0,'Processing motion capture DC files - Please wait');  

 

for k = (1:number_of_files_selected) 

    filename=char(MC_filenames(k)); 

    [motion_file] = [pathname, filename]; 

    data = load(motion_file); 

    [r, c] = size(data); 

     

    if c == 9 

        num = floor(r/8); 

        reorganized_data = zeros(num,72); 

        for i = 1:num 

            reorganized_data(i,:) = [data(i*8-7,:), data(i*8-6,:), 

data(i*8-5,:), data(i*8-4,:), data(i*8-3,:), data(i*8-2,:), 

data(i*8-1,:), data(i*8,:)]; 

        end 

 

 

        x_current = (1/(num/300)):(1/(num/300)):300; % The 'x' 

values for the raw data 

        xi = (1/50):(1/50):300; % The 'x' values for the data 

resampled at 50 Hz 

 

        motion_data_50Hz = zeros (15000, 72); 

        % Step 2: Interpolate the data from each marker, then re-

concatinate 

        for j = 1:72 

            y = reorganized_data(:,j); 

            yi = interp1(x_current,y,xi,'pchip'); 
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            motion_data_50Hz(:,j) = yi'; 

         

 

         

        end 

    elseif c == 3 

        num = floor(r/9); 

        reorganized_data = zeros(num,25); 

        for i = 1:num 

            reorganized_data(i,:) = [data(i*9-8,:), data(i*9-7,:), 

data(i*9-6,:), data(i*9-5,:), data(i*9-4,:), data(i*9-3,:), 

data(i*9-2,:), data(i*9-1,:), data(i*9,1)]; 

        end 

 

 

        x_current = (1/(num/300)):(1/(num/300)):300; % The 'x' 

values for the raw data 

        xi = (1/50):(1/50):300; % The 'x' values for the data 

resampled at 50 Hz 

 

        motion_data_50Hz = zeros (15000, 25); 

        % Step 2: Interpolate the data from each marker, then re-

concatinate 

        for j = 1:25 

            y = reorganized_data(:,j); 

            yi = interp1(x_current,y,xi,'pchip'); 

            motion_data_50Hz(:,j) = yi'; 

        end  

     

 

    end 

     

 

     

    if k==1 

      S_T_MC=motion_data_50Hz;  

    else 

 

      S_T_MC=[S_T_MC;motion_data_50Hz];  

    end 

    waitbar(k/number_of_files_selected,h) 

 

end 

delete(h)  

 

 

close 
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D.3 Position 

function [average_output, rom_output] = position(filtered_angles, 

SR) 

% Function name:          position.m 

% 

% Function Purpose:       To calculate the dependent variables 

related to postion 

% 

% Function Inputs:        filtered_angles             The filtered 

joint angle data for the current work segment  

%                         SR                          The user 

entered sample rate    

% 

% Precedent Function:     SLI_kinematic_processing.m 

% 

% Subfunctions Called:    None 

% 

% Function Outputs:       average_output              Matrix 

describing the dependent measures for the average postition data 

%                         rom_output                  Matrix 

describing the dependent measures for the rom data 

%  

% Date Last Modified:     15-May-2012  

% 

% Author:                 Steven Fischer 

% ------------------------------------------------------------------

----- 

window_time = 30; % Set a 30 second window size 

win_size = SR*window_time; 

 

num_windows = floor(length(filtered_angles)/win_size); 

x_axis = 1:1:num_windows; 
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x = window_time*x_axis'; 

 

% ---- Calculate the ROM and average position for each 30 second 

window 

for j = 1: num_windows 

    minute_data = filtered_angles(win_size*j-(win_size-

1):win_size*j,:); 

    average(j,:) = mean(minute_data);  

    rom(j,:) = max(minute_data) - min(minute_data); 

end 

 

mean_rom = mean(rom); % find the mean ROM of the entire work segment 

stdev_rom = std(rom); % find the standard deviation in the ROM over 

the 30 second segments 

 

mean_average = mean(average); % find the mean position of the entire 

work segment 

stdev_average = std(average); % find the standard deviation in the 

average postion over the 30 second segments 

 

% ----- Fit with a linear regression and extract coefficients ------

------- 

for k = 1:6 

    y_rom = rom(:,k); 

    y_avg = average(:,k); 

    p_rom = polyfit(x,y_rom,1); 

    m_rom(1,k) = p_rom(1); % calculate the slope of the regression 

line fitting the segment-by-segment ROM data 

    b_rom(1,k) = p_rom(2); % calculate the intercept of the 

regression line fitting the segment-by-segment ROM data 

    p_avg = polyfit(x,y_avg,1); 

    m_avg(1,k) = p_avg(1); % calculate the slope of the regression 

line fitting the segment-by-segment average posture data 

    b_avg(1,k) = p_avg(2); % calculate the intercept of the 

regression line fitting the segment-by-segment average posture data 

    yfit_rom = polyval(p_rom,x); 

    yfit_avg = polyval(p_avg,x); 

    yresid_rom = y_rom - yfit_rom; 

    yresid_avg = y_avg - yfit_avg; 

    SSresid_rom = sum(yresid_rom.^2); 

    SSresid_avg = sum(yresid_avg.^2); 

    RMSE_rom(1,k) = sqrt(SSresid_rom/num_windows); % Calculate the 

root mean squared error (RMSE) for predictions based on the line of 

best fit for the ROM data 

    RMSE_avg(1,k) = sqrt(SSresid_avg/num_windows); % Calculate the 

root mean squared error (RMSE) for predictions based on the line of 

best fit for the average posture data 
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    SStotal_rom = (length(y_rom)-1) * var(y_rom); 

    SStotal_avg = (length(y_avg)-1) * var(y_avg); 

    rsq_rom(1,k) = 1 - SSresid_rom/SStotal_rom; % Calculate the R-

squared statistic for the regression curve fit to the segment-by-

segment ROM data 

    rsq_avg(1,k) = 1 - SSresid_avg/SStotal_avg; % Calculate the R-

squared statistic for the regression curve fit to the segment-by-

segment average posture data 

end 

headers = {'variable', 'left wrist flex/ext', 'left wrist 

rad/ulnar', 'left elbow flex/ext', 'right wrist flex/ext', 'right 

wrist rad/ulnar', 'right elbow flex/ext'};  

col_headers = [num2cell(x);{'average';'standard deviation'; 'slope'; 

'intercept'; 'Rsquared'; 'RMSE'}]; 

average_data = [average;mean_average;stdev_average;m_avg; b_avg; 

rsq_avg; RMSE_avg]; 

rom_data = [rom;mean_rom;stdev_rom;m_rom; b_rom; rsq_rom; RMSE_rom]; 

temp_average = [col_headers,num2cell(average_data)]; 

average_output = [headers; temp_average]; 

temp_rom = [col_headers,num2cell(rom_data)]; 

rom_output = [headers; temp_rom]; 
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D4 Velocity 

function [min_output, max_output, average_velocity, 

angular_velocities] = velocity(filtered_angles, SR) 

% Function name:          velocity.m 

% 

% Function Purpose:       To calculate the time series angular 

velocities and the dependent variables related to velocity 

% 

% Function Inputs:        filtered_angles             The filtered 

joint angle data for the current work segment  

%                         SR                          The user 

entered sample rate    

% 

% Precedent Function:     SLI_kinematic_processing.m 

% 

% Subfunctions Called:    None 

% 

% Function Outputs:       min_output                 Matrix 

describing the dependent measures for the peak minimum velocity data 

%                         max_output                 Matrix 

describing the dependent measures for the peak maximum velocity data 

%                         average_velocity           Matrix 

describing the dependent measures for the average velocity data 

%                         angular_velocities         Matrix 

describing time series angular velosities in the following order:  

%                                                    1-left wrist 

F/E, 2-left wrist R/U, 3-left elbow F/E,  

%                                                    4-right wrist 

F/E, 5-right wrist R/U, 6-right elbow F/E  
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%  

% Date Last Modified:     15-May-2012  

% 

% Author:                 Steven Fischer 

% ------------------------------------------------------------------

----- 

window_time = 30; % Set a 30 second window size 

win_size = SR*window_time; 

 

num_windows = floor(length(filtered_angles)/win_size); 

x_axis = 1:1:num_windows; 

x = window_time*x_axis'; 

 

[r,c] = size(filtered_angles); 

% ------------------------------------------------------------------

- 

% Calculate instantaneous velocities 

angular_velocities = zeros(r, c); 

for j = 2: r-1 

    angular_velocities(j,:) = (filtered_angles(j+1,:)-

filtered_angles(j-1,:))/(2/SR); % Derivative using central 

differences method 

end 

angular_velocities(1,:) = angular_velocities(2,:); 

angular_velocities(r,:) = angular_velocities(r-1,:); 

% ------------------------------------------------------------------

- 

 

% ----- Calculate the max, min and average velocity for each 30 

second window ------------- 

for j = 1: num_windows 

    minute_data = angular_velocities(win_size*j-(win_size-

1):win_size*j,:); 

    average(j,:) = mean(abs(minute_data));  

    maximum(j,:) = max(minute_data); 

    minimum(j,:) = min(minute_data); 

end 

 

mean_max = mean(maximum); 

stdev_max = std(maximum);  

 

mean_min = mean(minimum); 

stdev_min = std(minimum);  

 

mean_average = mean(average); 

stdev_average = std(average);  

 



 

 

 

119 

% ----- Fit with a linear regression and extract coefficients ------

------- 

for k = 1:6 

    y_max = maximum(:,k); 

    y_avg = average(:,k); 

    y_min = minimum(:,k); 

     

    p_max = polyfit(x,y_max,1); 

    m_max(1,k) = p_max(1); % calculate the slope of the regression 

line fitting the segment-by-segment peak velocities 

    b_max(1,k) = p_max(2); % calculate the intercept of the 

regression line fitting the segment-by-segment peak velocities 

     

    p_min = polyfit(x,y_min,1); 

    m_min(1,k) = p_min(1); % calculate the slope of the regression 

line fitting the segment-by-segment peak negative velocities 

    b_min(1,k) = p_min(2); % calculate the intercept of the 

regression line fitting the segment-by-segment peak negative 

velocities 

     

    p_avg = polyfit(x,y_avg,1); 

    m_avg(1,k) = p_avg(1); % calculate the slope of the regression 

line fitting the segment-by-segment average velocity data 

    b_avg(1,k) = p_avg(2); % calculate the intercept of the 

regression line fitting the segment-by-segment average velocity data  

     

    yfit_max = polyval(p_max,x); 

    yfit_avg = polyval(p_avg,x); 

    yfit_min = polyval(p_min,x); 

     

    yresid_max = y_max - yfit_max; 

    yresid_avg = y_avg - yfit_avg; 

    yresid_min = y_min - yfit_min; 

     

    SSresid_max = sum(yresid_max.^2); 

    SSresid_avg = sum(yresid_avg.^2); 

    SSresid_min = sum(yresid_min.^2); 

     

    RMSE_max(1,k) = sqrt(SSresid_max/num_windows); % Calculate the 

root mean squared error (RMSE) for predictions based on the line of 

best fit for the peak velocities 

    RMSE_avg(1,k) = sqrt(SSresid_avg/num_windows); % Calculate the 

root mean squared error (RMSE) for predictions based on the line of 

best fit for the average velocity data 

    RMSE_min(1,k) = sqrt(SSresid_min/num_windows); % Calculate the 

root mean squared error (RMSE) for predictions based on the line of 

best fit for the peak negative velocities 
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    SStotal_max = (length(y_max)-1) * var(y_max); 

    SStotal_avg = (length(y_avg)-1) * var(y_avg); 

    SStotal_min = (length(y_min)-1) * var(y_min); 

     

    rsq_max(1,k) = 1 - SSresid_max/SStotal_max; % Calculate the R-

squared statistic for the regression curve fit to the segment-by-

segment peak velocities 

    rsq_avg(1,k) = 1 - SSresid_avg/SStotal_avg; % Calculate the R-

squared statistic for the regression curve fit to the segment-by-

segment average velocity data 

    rsq_min(1,k) = 1 - SSresid_min/SStotal_min; % Calculate the R-

squared statistic for the regression curve fit to the segment-by-

segment peak velocities 

     

end 

headers = {'variable', 'left wrist flex/ext', 'left wrist 

rad/ulnar', 'left elbow flex/ext', 'right wrist flex/ext', 'right 

wrist rad/ulnar', 'right elbow flex/ext'};  

col_headers = [num2cell(x);{'average';'standard deviation'; 'slope'; 

'intercept'; 'Rsquared'; 'RMSE'}]; 

average_data = [average;mean_average;stdev_average;m_avg; b_avg; 

rsq_avg; RMSE_avg]; 

max_data = [maximum;mean_max;stdev_max;m_max; b_max; rsq_max; 

RMSE_max]; 

min_data = [minimum;mean_min;stdev_min;m_min; b_min; rsq_min; 

RMSE_min]; 

temp_average = [col_headers,num2cell(average_data)]; 

average_velocity = [headers; temp_average]; 

temp_max = [col_headers,num2cell(max_data)]; 

max_output = [headers; temp_max]; 

temp_min = [col_headers,num2cell(min_data)]; 

min_output = [headers; temp_min]; 

 

 

 

 

 

 

 

 



 

 

 

121 

 

 

 

 

 

 

 

 

 

 

D5 Micro-Breaks  

function [breaks_output] = micro_break(angular_velocities, SR) 

% Function name:          micro_break.m 

% 

% Function Purpose:       To calculate the dependent variables 

related to micro-breaks during each work segment 

% 

% Function Inputs:        angular_velocites           The angular 

velocity data for the current work segment  

%                         SR                          The user 

entered sample rate    

% 

% Precedent Function:     SLI_kinematic_processing.m 

% 

% Subfunctions Called:    None 

% 

% Function Outputs:       breaks_output              Matrix 

describing the micro-break dependent measures 

%  

% Date Last Modified:     15-May-2012  

% 

% Author:                 Steven Fischer 

% ------------------------------------------------------------------

----- 
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% -- Search for velocities between +5 and -5 as per Delisle et al., 

2005 

for a = 1:6 

    time_index = find(-5 < angular_velocities(:,a) &  

angular_velocities(:,a) < 5); 

 

    [r,c] = size(time_index); 

    length_of_break = zeros(r,c); 

    length_of_break(1,:) = 1; 

       

     for k = 2:r 

         if time_index(k,:)-time_index(k-1,:) == 1 

             length_of_break(k,:) = length_of_break(k-1,:) + 1; 

         else 

             length_of_break(k,:) = 0; 

         end 

     end 

     breaks = zeros(r,c); 

     % Determine when the velocity remains with the +5 to -5 

interval for 

     % more than 0.5 seconds (SR/5). 

     for j = 2:r 

         if length_of_break(j-1,:)- length_of_break(j,:) > SR/5 

             breaks(j-1,:) = 1; 

         else 

             breaks(j-1,:) = 0; 

         end 

     end 

 

    break_index = length_of_break(breaks == 1); 

    num_breaks(1,a) = length(break_index); 

    total_time(1,a) = sum(break_index)/SR; 

    avg_per_break(1,a) = total_time/num_breaks; 

end 

 

headers = {'variable', 'left wrist flex/ext', 'left wrist 

rad/ulnar', 'left elbow flex/ext', 'right wrist flex/ext', 'right 

wrist rad/ulnar', 'right elbow flex/ext'};  

col_headers = {'number of breaks';'total time (sec)'; 'average 

time/break (sec)'}; 

break_data = [num_breaks; total_time; avg_per_break]; 

temp_output = [col_headers,num2cell(break_data)]; 

breaks_output = [headers; temp_output]; 
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D6 Estimated Risk  

function [risk_output] = estimate_risk(filtered_angles) 

% Function name:          estimate_risk.m 

% 

% Function Purpose:       To calculate the time spent in hazardous 

wrist postures during each work segment 

% 

% Function Inputs:        filtered_angles             The filtered 

joint angle data for the current work segment  

  

% 

% Precedent Function:     SLI_kinematic_processing.m 

% 

% Subfunctions Called:    None 

% 

% Function Outputs:       risk_output                Matrix 

describing the time spent (%) in hazardous postures in the following 

order: 

%                                                    1- work segment 

identifier, 2- left wrist flex, 3- left wrist ext, 4, left wrist 

radial,  
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%                                                    5, left wrist 

ulnar, 6- right wrist flex, 7- right wrist ext, 8, right wrist 

radial, 

%                                                    9- right wrist 

ulnar 

%  

% Date Last Modified:     15-May-2012  

% 

% Author:                 Steven Fischer 

% ------------------------------------------------------------------

----- 

ulnar_orientation = -14.5; % Keir et al., 2007 (angle at which the 

25th percentile reached a CTP of 30 mmHg (indicative of CTS) 

radial_orientation = 21.8; % Keir et al., 2007 

extension_orientation = -37.7; % Keir et al., 2007 

flexion_orientation = 48.6; % Keir et al., 2007    

 

[r,c] = size(filtered_angles); 

 

L_flex = find(filtered_angles(:,1) > flexion_orientation); 

L_time_flex = length(L_flex)/r*100; 

L_ext = find(filtered_angles(:,1)< extension_orientation); 

L_time_ext = length(L_ext)/r*100; 

 

L_ulnar = find(filtered_angles(:,2)<ulnar_orientation); 

L_time_ulnar = length(L_ulnar)/r*100; 

L_rad = find(filtered_angles(:,2)>radial_orientation); 

L_time_rad = length(L_rad)/r*100; 

 

R_flex = find(filtered_angles(:,4) > flexion_orientation); 

R_time_flex = length(R_flex)/r*100; 

R_ext = find(filtered_angles(:,4)<extension_orientation); 

R_time_ext = length(R_ext)/r*100; 

 

R_ulnar = find(filtered_angles(:,5)<ulnar_orientation); 

R_time_ulnar = length(R_ulnar)/r*100; 

R_rad = find(filtered_angles(:,5)>radial_orientation); 

R_time_rad = length(R_rad)/r*100; 

 

headers = {'L-wrist % time beyond flex', 'L-wrist % time beyond 

ext', 'L-wrist % time beyond radial', 'L-wrist % time beyond ulnar', 

'R-wrist % time beyond flex', 'R-wrist % time beyond ext', 'R-wrist 

% time beyond radial', 'R-wrist % time beyond ulnar'};  

TIME = [L_time_flex, L_time_ext, L_time_rad, L_time_ulnar, 

R_time_flex, R_time_ext, R_time_rad, R_time_ulnar]; 

risk_output = [headers; num2cell(TIME)]; 
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D7 Calculate Relative Risk 

function [joint_angles] = calculate_relative_angles(data, SR) 

% Function name:          calculate_relative_angles.m 

% 

% Function Purpose:       To calculate the time series wrist F/E and 

R/U angles and the elbow F/E angle 

% 

% Function Inputs:        data                        Raw direction 

cosine data for the current work segment for all Fastrak sensors  

%                         SR                          The user 

entered sample rate    

% 

% Precedent Function:     SLI_kinematic_processing.m 

% 

% Subfunctions Called:    None 

% 
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% Function Outputs:       joint_angles                Matrix 

describing time series joint angles in the following order:  

%                                                     1-left wrist 

F/E, 2-left wrist R/U, 3-left elbow F/E,  

%                                                     4-right wrist 

F/E, 5-right wrist R/U, 6-right elbow F/E  

%  

% Date Last Modified:     15-May-2012  

% 

% Author:                 Steven Fischer 

% ------------------------------------------------------------------

----- 

[r,c] = size(data); 

 

for i = 1: r 

   % --------- Select the relevant DC data for further analysis ----

--- 

   R_hand = [data(i,1:3);data(i,4:6);data(i,7:9)] ; 

   R_fa = [data(i,10:12);data(i,13:15);data(i,16:18)] ; 

   R_ua = [data(i,19:21);data(i,22:24);data(i,25:27)] ; 

    

   L_hand = [data(i,28:30);data(i,31:33);data(i,34:36)] ; 

   L_fa = [data(i,37:39);data(i,40:42);data(i,43:45)] ; 

   L_ua = [data(i,46:48);data(i,49:51);data(i,52:54)] ; 

    

   % --------- Calculate wrist F/E and R/U angles using JCS method--

----- 

   %  the e1 axis was aligned with the long axis of the forearm 

   %  the e3 axis was aligned with the hand thickness direction 

   %  the e2 axis, corresponding to the cross product of e1 and e2  

   %       was the approximate F/E axis 

   %  the R/U axis was calculated as the dot product between the e2 

axis 

   %       and the long axis of the hand segment 

   R_wrist_e1 = R_fa(:,1); 

   R_wrist_e3 = R_hand(:,3); 

   R_wrist_e2 = 

cross(R_wrist_e1,R_wrist_e3)/norm(cross(R_wrist_e1,R_wrist_e3)); 

    

   R_wrist_beta(i,:) = 90 - 

57.2957795*acos(dot(R_wrist_e1,R_wrist_e3)); % wrist flexion (+) / 

extension (-) 

   R_wrist_alpha(i,:) = 90 - 

57.2957795*acos(dot(R_hand(:,1),R_wrist_e2)); % wrist radial (+) / 

ulnar deviation (-) 

    

   L_wrist_e1 = L_fa(:,1); 
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   L_wrist_e3 = L_hand(:,3); 

   L_wrist_e2 = 

cross(L_wrist_e1,L_wrist_e3)/norm(cross(L_wrist_e1,L_wrist_e3)); 

    

   L_wrist_beta(i,:) = 90 - 

57.2957795*acos(dot(L_wrist_e1,L_wrist_e3)); % wrist flexion (+) / 

extension (-) 

   L_wrist_alpha(i,:) = 90 - 

57.2957795*acos(dot(L_hand(:,1),L_wrist_e2)); % wrist radial (+) / 

ulnar deviation (-) 

    

   % --------- Calculate elbow F/E ------------------------------- 

   %   The elbow F/E axis was calculated as the dot product between 

the 

   %   upperarm and forearm long axis 

   test_r_flex = (dot(R_fa(:,1),R_ua(:,1))); % elbow flexion (+) / 

extension (-) 

   test_l_flex = (dot(L_fa(:,1),L_ua(:,1))); % elbow flexion (+) / 

extension (-) 

    

    

   if test_r_flex < (pi/2) 

       r_flex(i,:) = real( 57.2957795*acos(test_r_flex)); 

   else 

       r_flex(i,:) = real(57.2957795*acos(test_r_flex+(pi/2)) -90) ; 

   end 

    

   if test_l_flex < (pi/2) 

       l_flex(i,:) = 57.2957795*acos(test_l_flex); 

   else 

       l_flex(i,:) = 57.2957795*acos(test_l_flex+(pi/2)) -90 ; 

   end  

end 

 

% "zero" all angles during the soldier posture at the beginning of 

the work segment  

R_wrist_F_E = R_wrist_beta - mean(R_wrist_beta(1:round(SR/2)));  

R_wrist_R_U = R_wrist_alpha - mean(R_wrist_alpha(1:round(SR/2))); 

 

L_wrist_F_E = L_wrist_beta - mean(L_wrist_beta(1:round(SR/2))); 

L_wrist_R_U = L_wrist_alpha - mean(L_wrist_alpha(1:round(SR/2))); 

 

right_elbow = r_flex - mean(r_flex(1:round(SR/2)));  

left_elbow = l_flex - mean(l_flex(1:round(SR/2)));  

% ---------------------------------------------------- 
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joint_angles = real([L_wrist_F_E, L_wrist_R_U, left_elbow, 

R_wrist_F_E, R_wrist_R_U, right_elbow]); % wrist flex/ext, 

rad/ulnar, elbow flex/ext 
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Appendix E 

Sample Questionnaire 

 
 

 

 

 



 

 

 

130 

 
 

 



 

 

 

131 

 

 
 


