
Inter-rater reliability of cyclic and non-cyclic task assessment 
using the hand activity level in appliance manufacturing

Robert Paulsena, Natalie Schwatkaa, Jennifer Gobera,1, David Gilkeya, Dan Antonb,2, Fred 
Gerrb, and John Rosecrancea,*

Robert Paulsen: rob.paulsen@rams.colostate.edu; Natalie Schwatka: natalie.schwatka@colostate.edu; Jennifer Gober: 
jennie.gober@gmail.com; David Gilkey: david.gilkey@colostate.edu; Dan Anton: dan.anton@ewu.edu; Fred Gerr: fred-
gerr@uiowa.edu; John Rosecrance: john.rosecrance@colostate.edu
aColorado State University, Environmental and Radiological Health Sciences, 1681 Campus 
Delivery, Fort Collins, CO 80523, USA

bUniversity of Iowa, College of Public Health, 105 River St., Iowa City, IA 52242, USA

Abstract

This study evaluated the inter-rater reliability of the American Conference of Governmental 

Industrial Hygienists (ACGIH®) hand activity level (HAL), an observational ergonomic 

assessment method used to estimate physical exposure to repetitive exertions during task 

performance. Video recordings of 858 cyclic and non-cyclic appliance manufacturing tasks were 

assessed by sixteen pairs of raters using the HAL visual-analog scale. A weighted Pearson Product 

Moment-Correlation Coefficient was used to evaluate the agreement between the HAL scores 

recorded by each rater pair, and the mean weighted correlation coefficients for cyclic and non-

cyclic tasks were calculated. Results indicated that the HAL is a reliable exposure assessment 

method for cyclic (r̄-barw = 0.69) and non-cyclic work tasks (r̄-barw = 0.68). When the two 

reliability scores were compared using a two-sample Student's t-test, no significant difference in 

reliability (p = 0.63) between these work task categories was found. This study demonstrated that 

the HAL may be a useful measure of exposure to repetitive exertions during cyclic and non-cyclic 

tasks.

Relevance to industry—Exposure to hazardous levels of repetitive action during non-cyclic 

task completion has traditionally been difficult to assess using simple observational techniques. 

The present study suggests that ergonomists could use the HAL to reliably and easily evaluate 

exposures associated with some non-cyclic work tasks.
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1. Introduction

Musculoskeletal disorders (MSDs) continue to be one of the leading sources of impairment 

and lost work time in the United States and elsewhere. In 2011, occupationally-related 

MSDs in the United States accounted for 32.8% of all cases of injuries and illnesses 

requiring time away from work and resulted in a median of 11 lost work days (Bureau of 

Labor Statistics, 2012). The development of MSDs is linked to a variety of physical work 

exposures, such as awkward postures, excessive forces, prolonged vibration, and high 

repetition (Bernard, 1997; NRC/IOM, 2001). In particular, repetitive hand activity has been 

identified as one of the primary occupational risk factors associated with upper extremity 

MSDs (Bernard, 1997; Latko et al., 1999; Silverstein et al., 1986, 1987). Exposure 

assessment tools, such as the American Conference of Governmental Industrial Hygienists 

(ACGIH®) Hand Activity Level (HAL) Threshold Limit Value (TLV®) (ACGIH, 2005) 

have been developed to quantify these physical risk factors (Latko et al., 1997). In 2001, the 

National Research Council and the Institute of Medicine (NRC/IOM) reported that 

additional occupational risk factor exposure assessment tools should be developed or 

improved (NRC/IOM, 2001). As a measure of physical exposure to repetitive exertion, the 

utility of the HAL would be improved if it could be used to assess non-cyclic tasks. Non-

cyclic tasks in a manufacturing, construction, agriculture, healthcare, service, and general 

office/administrative industries may expose workers to repetitive exertions that repeatedly 

stress their musculoskeletal systems, and the associated MSD hazard exposure should be 

assessed (Fethke et al., 2012; Paquet et al., 2005; Punnett and Wegman, 2004).

Exposure assessment tools are used to quantify physical exposure and estimate the risk of 

developing a work-related MSD. Ergonomists investigating exposures that may increase 

MSD risk use a variety of metrics, including those based on self-report (e.g., work diaries), 

expert observation (e.g., HAL or Strain Index), and direct measurement (e.g., push/pull force 

sensors, electrogoniometry, or surface electromyography) (David, 2005; Dempsey et al., 

2005; Kilbom, 1994). The choice of assessment tools depends on the characteristics of the 

work task, but may also depend on training, familiarity, practicality, cost, and time required 

to use the tool (Dempsey et al., 2005; Li and Buckle, 1999).

Some investigators have quantified repetitive hand activity in the field using direct measures 

of muscle activity or wrist deviation frequencies (Chen et al., 2010; Fethke et al., 2012; 

Hansson et al., 1996; Jones and Kumar, 2007; Spielholz et al., 2001). These data intensive 

methods produce quantitative estimates with better accuracy than observational or self-

report assessment tools (David, 2005; Spielholz et al., 2001). However, analyzing and 

interpreting direct measurement results is time intensive and requires considerable technical 

expertise. Furthermore, the cost of instrumentation and software required to perform direct 

measures can be prohibitively expensive (Anton et al., 2003; David, 2005). Observational 

methods are frequently employed in industry because they cost less and are more time 

efficient than direct measures, and are generally more accurate and reliable than self-reports 

(Ebersole and Armstrong, 2002; Garg and Kapellusch, 2011; Kilbom, 1994; Takala et al., 

2010).
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In performing a HAL assessment, an ergonomist typically uses a standard scale to judge the 

magnitude of worker exposure to repetitive and forceful exertions. Because the estimation of 

HAL values is based on observer judgment, establishing the reliability of the HAL method is 

important for interpreting HAL results, whether the aim is for research, hazard mapping, or 

intervention evaluation (Kilbom, 1994; Streiner and Norman, 2008). Multiple studies report 

that the HAL inter-rater reliability ranges from moderate to good when assessing cyclic 

tasks (Ebersole and Armstrong, 2006; Spielholz et al., 2008; Takala et al., 2010). However, 

the inter-rater reliability of non-cyclic task assessment has not been estimated, in part 

because the HAL was designed to assess cyclic, mono-task jobs (Armstrong, 2006; Latko et 

al., 1997), but also because of the difficulty assessing non-cyclic tasks given the absence of 

an inherent task completion pattern (Punnett and Wegman, 2004).

In some of the earlier literature, the distinction between cyclic and repetitive tasks is unclear 

(Bao et al., 2009; Latko et al., 1997). This is primarily because some ergonomic researchers 

have used the concept of cycle-time to define tasks as repetitive or non-repetitive 

(Armstrong et al., 1987; Buchholz et al., 1996; Chiang et al., 1993; Colombini, 1998; 

Silverstein et al., 1986). In the present study, appliance assembly line tasks were evaluated 

regardless of whether they were expected to be classified as repetitive according to the HAL 

or any other type of exposure assessment. The aim of this was to determine if a repetitive 

task could be estimated reliably regardless of whether the work was cyclic or non-cyclic. 

Further, classification of tasks as cyclic or non-cyclic was entirely based on whether the 

work conformed to easily identifiable patterns of subtask or work element procedures lasting 

no more than 3 min.

Further confusion arises from the inconsistent usage of the terms “mono-task,” “single-

exertion,” and “complex task” (Bao et al., 2009; Kapellusch et al., 2013). The HAL was 

designed to assess repetitive force exposures during mono-task work performance lasting at 

least 4 h (Armstrong, 2006). The developers of the assessment defined mono-task work as a 

predictable pattern of work elements (or subtasks) reoccurring throughout the work shift 

(ACGIH, 2005; Latko et al., 1997). This definition of mono-task work differs from the one 

presented by Moore and Garg (1995) during their description of a similar assessment tool, 

the Strain Index, where they equated mono-tasks with single exertion tasks (Moore and 

Garg, 1995). More often than not, tasks are comprised of subtasks requiring different levels 

of exertion rather than a single level of exertion, and these are called complex tasks (Bao et 

al., 2009; Garg and Kapellusch, 2011; Kapellusch et al., 2013). In the present study, the 

HAL was applied to single exertion and complex exertion tasks. Some of these tasks were 

characterized by unpredictable subtask performance patterns (i.e. non-cyclic tasks), so they 

would not be considered mono-tasks according to the HAL developers. Nonetheless, these 

non-cyclic tasks may still expose workers to predictable patterns of repetitive force 

exertions. The purpose of the present study was to compare the inter-rater reliability of the 

HAL assessments used to estimate worker exposure to repetitive hand exertions during 

cyclic and non-cyclic task performance in the appliance manufacturing industry.
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2. Materials and methods

2.1. Study context

The present study obtained previously recorded videos of cyclic and non-cyclic work tasks 

performed by adult (≥18 years aged) workers in a household appliance manufacturing 

facility. The videos were recorded during a large prospective cohort study (Gerr et al., 2013) 

focused on associations between physical exposures and MSD incidence among 

manufacturing workers.

The appliance manufacturing facility employed approximately 2000 workers on multiple 

assembly lines. The research team observed manual tasks performed on multiple assembly 

lines representing all stages of appliance production—from materials fabrication to product 

assembly and packaging. For the present study, “tasks” were defined as assembly, 

inspection, or packaging procedures performed at a specific workstation, such as “assemble 

wire harness” or “install ice maker.” Tasks were categorized as cyclic if they were 

performed according to an identifiable work cycle lasting 3 min or less. Otherwise, tasks 

were categorized as non-cyclic. University faculty members in ergonomics determined a 

priori whether tasks were cyclic and non-cyclic. An appliance product quality inspection 

task is a good example of one that is non-cyclic. This task involved use of hand tools 

requiring various levels of grip strength to operate, manual handling of materials of varying 

weights, intermittent inspection of control panels, and the making of assembly line 

adjustments as needed. The subtasks or work elements comprising the quality inspection 

task did not proceed according to a clearly identifiable procedure, and inspections could last 

longer than 3 min.

Digital video cameras were arranged within the manufacturing facility to grossly record the 

frontal and sagittal planes of the workers' upper extremities during task completion. One 

video camera was mounted on a tripod for a consistent, stable viewing angle, while another 

researcher operated a hand-held camera. Camera views were continuously adjusted in an 

attempt to fill the frame with the worker's upper body. Dynamic control of the second 

camera improved tracking of the upper limbs when work materials or equipment obstructed 

the view of the workers. Workers were videotaped for a minimum of 30 min for each task 

that they performed. Prior to the HAL rating sessions the two video recordings were 

synchronized, providing raters with two simultaneous views of each worker.

In the present study, video recordings of 385 workers performing their standard assembly-

line tasks were observed, and a total of 858 tasks were evaluated with the HAL. The mean 

worker age was 42.3 years (SD = 10.6), and on average they had worked at the 

manufacturing facility for 14.7 years (SD = 11.4). Workers were primarily non-Hispanic 

white (91.5%), and there were approximately equal numbers of males (48.7%) and females 

(51.3%). Nearly all (96.6%) had at least a high school diploma and 30.2% had received 

some post-secondary education or training. The majority were also right handed (88.3%).

Raters were on average 29.8 years (SD = 8.6) of age and about half (54.5%) were female. 

Raters consisted of two university faculty members experienced at using the HAL and nine 

graduate students who were trained to use the HAL by one of the two faculty members. 
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Fifteen pairs of raters assessed the cyclic tasks and six pairs assessed the non-cyclic tasks. 

Between the two task categories, sixteen unique rater-pair combinations participated.

The study procedures were approved by the Institutional Review Board at the University of 

Iowa. Study participants were aware that their exposure to physical risk factors for MSDs 

was under observation. All participants provided their written consent.

2.2. Procedures

Video recordings of cyclic and non-cyclic work tasks were provided to graduate students 

and faculty in the field of ergonomics to conduct HAL ratings. Two raters assessed each 

video-recorded work task. Each rater-pair consisted of one rater from each of two 

universities (University of Iowa, Colorado State University). For all work tasks assessed, 

each member of the rater-pair recorded a HAL score independently of the other rater, and 

each task was rated by only one pair of raters. Raters estimated the HAL for all tasks using 

Latko's 10-cm visual-analog scale with verbal anchors (ACGIH, 2005; Latko et al., 1997) 

rather than using the ACGIH tabulation table (ACGIH, 2005). Using only the visual-analog 

scale reduced the time necessary to complete the 858 task ratings. Further, the visual-analog 

scale is easy to employ in industry (Ebersole and Armstrong, 2006; Wurzelbacher et al., 

2010) and recent longitudinal studies of job physical exposure have all used the visual-

analog HAL scale to assess task repetition, whereas only some have used the HAL 

tabulation table approach (Kapellusch et al., 2013).

One faculty member at each academic institution trained their respective graduate students 

on the use of the HAL. The training began with a didactic review of the HAL scale and its 

application, followed by a series of practice rating sessions to ensure complete familiarity 

with the verbal anchors of the current visual-analog scale (ACGIH, 2005). These practice 

sessions required students and faculty to independently rate video segments of 

manufacturing tasks that exhibited a range of hand activity levels. The ratings were 

compared for consistency, and tasks were analyzed until students and faculty members were 

able to reach consensus (i.e. consistently rate tasks within one unit of each other) for a 

minimum of five tasks. Additionally, pairs of students at each respective institution 

compared independent ratings of twenty work tasks until a consensus was reached. Students 

were considered competent as HAL raters upon completing this training.

All HAL ratings were completed based on the video of the worker's dominant limb as 

defined by their handedness with writing. For cyclic tasks, the HAL score determined by the 

rater was based on observation of three task cycles. Each cycle analyzed was chosen a priori 

and consisted of one cycle from the first 5 min, one cycle from 15 to 20 min and one cycle 

from 25 to 30 min of the recorded video sample. For non-cyclic tasks, three video samples 

were randomly chosen a priori to conduct the HAL rating and consisted of one from a 30-s 

interval during the first 5-min, a 30-s interval from 15 to 20 min, and a 30-s interval from 25 

to 30 min. All of the video samples analyzed by the rater-pairs were selected a priori by a 

research team member who did not participate as a HAL rater.

After viewing the three video samples of the work task, each rater recorded a single HAL 

rating for the task into a computer spreadsheet. In some cases, a worker did not maintain a 
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consistent level of hand activity for the entire task duration. When this occurred, the raters 

were instructed to average the HAL scores for the three task samples to reach a single rating.

2.3. Statistical analysis

Statistical analysis was completed separately for cyclic and non-cyclic task categories, and 

analyses were performed using SAS/STAT® software version 9.3. For each rater pair, inter-

rater reliability was measured as agreement between the two HAL scores through a Pearson 

Product Moment Correlation Coefficient (r) (Streiner and Norman, 2008). In order to obtain 

a mean correlation value (r̄-bar) for each of the task categories (i.e. cyclic and non-cyclic), 

each r-value underwent a Fisher z-score transformation. The mean z-score (z̄-bar) was 

calculated and back-transformed to obtain a mean correlation value (r̄-bar) (Steel and Torrie, 

1980). To account for the variation in the number of tasks analyzed by each rater-pair, the z-

scores were weighted (z̄-barw) and then back-transformed to a weighted mean r-value (r̄-

barw) (Steel and Torrie, 1980), yielding an estimate of the overall inter-rater reliability of 

each task category. Confidence intervals (95%) were obtained for the weighted mean r-

values based on the weighted mean z-scores and SAS software-generated weighted variance 

estimates.

To aid in the interpretation of results, the following decision criteria for weighted mean 

correlation coefficients were adopted: negligible reliability: 0.00–0.25; fair to moderate 

reliability: 0.25– 0.50; moderate to good reliability: 0.50–0.75; good to excellent reliability: 

0.75–1.0. The selection of these criteria was based on similar studies of rater reliability 

(Dartt et al., 2009; Ebersole and Armstrong, 2002; Stevens et al., 2004) as well as other 

reliability statistics, such as the kappa coefficient and the intra-class correlation (Fleiss, 

1986; Streiner and Norman, 2008). To evaluate if inter-rater reliability differed depending 

on whether the tasks rated were cyclic or non-cyclic, a two-sample Student's t-test (α = 0.05) 

using Satterthwaite's method for unequal variance compared the weighted mean z-scores 

from both task categories (Ott and Longnecker, 2010).

3. Results

3.1. HAL assessments

A total of 1072 work tasks were initially recorded, but 214 were not included in the data 

analyses because the video was already used for HAL training purposes or because the task 

was only rated by one person. A total of 858 work tasks, consisting of 71 non-cyclic tasks 

and 787 cyclic tasks, were rated and used in the statistical analyses. Using the 0 to 10 point 

scale of the HAL rating system, cyclic ratings ranged between 2 and 9 with a mean rating of 

5.3 (SD = 1.2). Non-cyclic ratings ranged between 1 and 8 with a mean rating of 4.9 (SD = 

1.4).

3.2. Inter-rater reliability

The inter-rater reliability of both cyclic (Table 1) and non-cyclic work (Table 2) tasks was 

evaluated using a weighted mean Pearson's Product Moment Correlation Coefficient (r̄-

barw). Fifteen rater pairs rated 787 cyclic work tasks, rating an average of 52.5 work tasks 

each. The unweighted mean correlation between ratings for cyclic tasks among all rater-
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pairs was r̄-bar = 0.79, and weighting by task produced a correlation value of r̄-barw = 0.69 

(95% CI: 0.61, 0.77). Six rater pairs rated 71 non-cyclic work tasks, rating an average of 

11.8 work tasks each. The mean unweighted correlation between ratings for non-cyclic work 

tasks among all rater-pairs was r̄-bar = 0.73 and the weighted correlation value was r̄-barw = 

0.68 (95% CI: 0.45, 0.82).

The mean weighted z-scores (z̄-barw) for the cyclic and non-cyclic tasks were compared with 

a two-sample Student's t-test using Satterthwaite's method for unequal variance. No 

significant difference at the 95% confidence level was found between the mean inter-rater 

reliability scores for cyclic and non-cyclic tasks (df = 9.4, t = 0.50, p = 0.63).

4. Discussion

The present study is the first published study reporting on the inter-rater reliability of the 

HAL for non-cyclic work tasks. The results suggested that the HAL is a reliable measure of 

exposure to repetitive exertions regardless of whether the task was cyclic or non-cyclic. 

Given that the inter-rater reliability of non-cyclic task assessment was moderate to good, the 

application of the HAL may also be useful for non-cyclic work tasks. With further validation 

and study of HAL applications to non-cyclic task assessment, occupational health 

professionals may be able to identify ergonomic hazards among a greater variety of work 

tasks than previously expected. Additionally, ergonomists may seek to test the HAL as an 

intervention outcome measure of repetitive hand activity regardless of whether the task is 

cyclic or non-cyclic.

In an effort to ensure the validity of the HAL, Latko et al. (1997) created the visual-analog 

scale based on assessments of over 185 jobs in multiple industries with varying tasks. Since 

its development, the HAL and ACGIH® TLV® have been used to evaluate upper extremity 

MSD risk factor exposure in a variety of industries, although most evaluations have been 

made in manufacturing environments (Dempsey et al., 2005; Franzblau et al., 2005; Garg et 

al., 2012; Gerr et al., 2013; Kapellusch et al., 2013; Latko et al., 1999). It is typically used to 

evaluate cyclic tasks in which a well-defined set of work cycles or a series of forceful 

exertions are repeated on a regular basis. Examples of cyclic tasks involve assembly or 

disassembly work, such as those found in appliance manufacturing, automobile assembly, or 

meat processing. Previous studies have investigated the inter-rater reliability of the HAL for 

cyclic work tasks (Ebersole and Armstrong, 2002; Spielholz et al., 2008). Several 

investigators have used other observational measures to assess the physical risk associated 

with non-cyclic (or variable) tasks (Hoozemans et al., 2001; Paquet et al., 2005; Tak et al., 

2009), but none have investigated the HAL scale reliability when applied to non-cyclic work 

tasks.

The findings from the present study support previous research indicating that the HAL is a 

reliable measure of repetition exposure from cyclic work tasks (Armstrong, 2006; Takala et 

al., 2010). Ebersole and Armstrong's (2002) evaluation of 410 on-line jobs at an automotive 

assembly plant using the HAL found a weighted kappa value of K = 0.52. According to their 

definition, this reliability estimate was considered “moderate” for inter-rater reliability. 

Ebersole and Armstrong later reported that HAL assessments of 848 cyclic automotive line 
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jobs were reliable, reporting an intraclass correlation coefficient (ICC) of 0.71 for pairs of 

raters (Ebersole and Armstrong, 2006). Spielholz et al. (2008) evaluated 125 mono-task 

manufacturing and healthcare tasks using the HAL. Inter-rater reliability was measured 

using Spearman correlations and unweighted kappa coefficients. Ratings were characterized 

by a Spearman value of r = 0.65, and the overall kappa value for rater pairs was K = 0.34. 

The authors considered the HAL scale to exhibit “fair to moderate” reliability. They also 

compared ratings between pairs of expert (Certified Professional Ergonomist) and novice 

(master's degree student) raters and found that expert–expert pairs exhibited a greater 

agreement (K = 0.40) than expert–novice pairs (K = 0.25). The study only included one 

novice rater and three expert raters, and therefore the results may not be generalizable to 

other rater populations. The present study did not examine the differences in ratings between 

experts and novices.

Because of the long latency period of many work-related MSDs, measuring health outcomes 

after implementing work process changes often requires observing and evaluating workers 

for at least 4–6 months, and preferably up to a year or more (Kennedy et al., 2010; 

Westgaard and Winkel, 1997). Yet, shorter outcome observation times are possible when 

measuring changes in physical risk factor exposure (Westgaard and Winkel, 1997; Zwerling 

et al., 1997). And the most comprehensive interventions often include outcome measures of 

risk factor exposure, regardless of the time allotted for follow-up observations (Denis et al., 

2008). The results of the present study do not imply that HAL repetition exposure estimates 

would also be a reliable measure of ergonomic interventions. This study was not designed to 

test the HAL as an intervention tool. However, if the HAL were used as an ergonomic 

outcome measure in a manufacturing setting, the present study suggests that the inter-rater 

reliability would be similar for cyclic and non-cyclic tasks. Those interested in using the 

HAL as an intervention tool are encouraged to use caution when applying the instrument to 

cyclic and non-cyclic task assessments.

Several ergonomic intervention studies have reported outcome measures using observational 

assessments, such as the Rapid Upper Limb Assessment (RULA) (Choobineh et al., 2004; 

Kilroy and Dockrell, 2000; Massaccesi et al., 2003; Robertson et al., 2009) and Rapid Entire 

Body Assessment (REBA) (Pillastrini et al., 2010; Yanes Escalona et al., 2012). Peer-

reviewed publications describing the use of the HAL or ACGIH® TLV® for HAL as 

intervention outcome measures were not found, but other investigators have used similar 

upper extremity assessments for this purpose, such as the Strain Index (Moore and Garg, 

1997; Motamedzade et al., 2011) and the Occupational Repetitive Actions (OCRA) 

Checklist (Escalona and Yanes, 2012). There is little to no evidence that the reliability of 

these observational assessments is greater than the ACGIH® HAL (Takala et al., 2010). And 

when used to calculate the ACGIH® TLV® for repetitive hand activity, the HAL has 

demonstrated sensitivity to health outcomes (Bonfiglioli et al., 2012; Garg et al., 2012).

4.1. Limitations and future study

The present study relied on data obtained during a large prospective cohort study that was 

focused on the relationship between exposures and health outcomes and not necessarily on 

the interrater reliability of the HAL scale (Gerr et al., 2013). If the a priori research question 
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was only an assessment of inter-rater reliability, then using an ICC measure of reliability, 

rather than Pearson's correlation, would have been a more robust and appropriate statistical 

measure. An ICC could identify whether variance in the mean ratings of a task from 

multiple rater-pairs contributes to measurement error whereas the Pearson cannot (Streiner 

and Norman, 2008). However, in the present study, because no more than one rater-pair 

evaluated any particular task, an ICC cannot be calculated.

The margin of error for the mean weighted agreement (r̄-barw) value for non-cyclic tasks 

was about two times the size of the error margin for cyclic tasks. This could be due to the 

smaller sample size of 71 tasks rated compared to 787 cyclic tasks rated. However, greater 

variation in ratings might be reasonable given the wider variation in non-cyclic task 

performance and the lack of an inherent task cycle. Whatever the cause for the greater 

variance in the non-cyclic r̄-barw-value, the finding remains that its confidence interval 

spans more than one reliability category. While the mean is firmly situated in the moderate 

to good reliability range, the lower bound is 0.45, which is just into the fair to moderate 

reliability range.

The present study did not evaluate the reliability of peak force exposure estimates during 

cyclic or non-cyclic task performance. The peak force estimate is used in conjunction with 

the HAL rating to determine if a task is above or below the ACGIH® TLV® or Action 

Limit. While this study suggest that the inter-rater reliability of the HAL might be equivalent 

when applied to any repetitive manufacturing tasks, it would be preferable to know whether 

the full ACGIH® TLV® for hand activity can be successfully applied to non-cyclic tasks 

characterized by repetitive technical actions. Similarly, the research design did not allow for 

an assessment of the intra-rater reliability of the HAL scale. These limitations were due to 

resource constraints. Future research should focus on the test-rest reliability of both the HAL 

and peak force exposure estimates during non-cyclic task performance, and evaluating the 

validity of these estimates for non-cyclic tasks is essential. Further, the reliability of the 

HAL as applied by groups of researchers independently recording and observing the same 

cyclic and non-cyclic tasks should be studied. This would inform potential HAL-users of 

any differences between the reliability of rater-groups that reach consensus compared to 

single raters.

One of the challenges with any observational exposure assessment tool is ensuring that 

observations are consistent between raters. In the present study, video recordings captured 

upper body work activity in two different anatomical planes. The two video recording planes 

were used in an attempt to increase the visibility of the upper extremity of the worker. 

Unfortunately, the upper extremity was not always visible for the entire task duration, for 

instance, while the worker reached within the product to secure an attachment point. Other 

times, the upper extremities were obscured by machinery or materials moving in front of the 

cameras during the manufacturing process. In these cases, raters were told to rate what they 

could see, but there may be potential subjectivity in what the rater considered “visible.” 

Additionally, the work tasks occasionally contained long pauses followed by activity. 

During pauses or obstructions, raters were instructed to “mentally average” the HAL ratings 

as described by Latko et al. (1997). Mental averaging could be a source of variability 

between raters, as there is some subjectivity with this method. In practice, this is somewhat 
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accounted for by reaching consensus with other raters as ±1 on the rating scale (Armstrong, 

2006; Latko et al., 1997). In the present study, reliability analyses were conducted before 

consensus was reached.

Another source of variability between raters is the interpretation of HAL verbal anchors. 

Raters may each have a slightly different interpretation of words such as “steady”, 

“frequent,” or “consistent.” Additionally, this study was not designed to evaluate the intra-

rater reliability of the HAL applied to non-cyclic tasks. Although the purpose of training is 

to minimize intra-rater variability and error introduced by verbal anchor interpretation, some 

variability likely persisted. For those practitioners interested in applying the HAL as an 

intervention outcome measure, it is worth noting that test-retest reliability is generally 

greater than inter-rater reliability for observational ergonomic assessment tools (Takala et 

al., 2010).

5. Conclusion

The present study appears to be the first to assess the inter-rater reliability of the HAL for 

non-cyclic work tasks. Observational exposure assessment tools, such as the HAL, enable 

researchers and practitioners to evaluate large samples of workers with minimally invasive 

techniques and limited resources. The findings of the present study are consistent with 

previous research that has determined the HAL to be a reliable exposure assessment tool for 

cyclic work tasks. The findings suggest that the HAL is a reliable ergonomic exposure 

assessment tool for non-cyclic work tasks.
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Table 1

Inter-rater reliability for cyclic work tasks.

Rater-paira Number of tasks rated r 

Rater A & Rater 1 108 0.79

Rater A & Rater 2 153 0.66

Rater A & Rater 3 12 0.88

Rater A & Rater 4 7 0.97

Rater B & Rater 2 103 0.58

Rater C & Rater 1 6 0.64

Rater C & Rater 2 79 0.61

Rater D & Rater 2 140 0.68

Rater E & Rater 1 7 0.99

Rater E & Rater 2 121 0.70

Rater E & Rater 3 4 0.94

Rater E & Rater 4 9 0.46

Rater F & Rater 1 10 0.78

Rater F & Rater 2 22 0.44

Rater G & Rater 1 6 0.57

r̄-bar 0.79

r̄-barw 0.69 (95% CI = 0.61, 0.77)

Note. CI = Confidence Interval.

a
Raters A–G were from the University of Iowa and raters 1–4 were from Colorado State University. Raters F and 3 were faculty.
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Table 2

Inter-rater reliability for non-cyclic work tasks.

Rater-paira Number of tasks rated r 

Rater A & Rater 1 7 0.84

Rater A & Rater 2 10 0.47

Rater A & Rater 3 6 0.89

Rater E & Rater 2 38 0.60

Rater E & Rater 4 7 0.83

Rater G & Rater 3 3 0.5

r̄-bar 0.73

r̄-barw 0.68 (95% CI = 0.45, 0.82)

Note. CI = Confidence Interval.

a
Raters A–G were from the University of Iowa and raters 1–4 were from Colorado State University. Raters F and 3 were faculty.
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