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ABSTRACT 
 
 

Test Re-Test Repeatability of the Strain Index.  (May 2003)   

John-Paul Stephens, B.S., Texas A&M University 

Chair of Advisory Committee:  Dr. J. Steven Moore 

 

 The Strain Index (SI) has repeatedly shown high levels of validity for 

differentiating between safe and hazardous tasks for the distal upper extremity (DUE).  

One limitation of the SI is the lack of reliability data.  This study was designed to evaluate 

the test-retest repeatability of the SI.  Fifteen raters, divided into five teams of three, were 

asked to use the SI to analyze 73 video AVI files of different job tasks; initially as 

individuals and then as teams.  Several months later, raters were asked to repeat individual 

and team job task assessments.  Raters were instructed to analyze tasks using five of six SI 

task variables, while the sixth was held constant.  For three of these task variables, 

additional data was collected such as peak force and duration of job cycle.  Test-retest 

repeatability was measured using Pearson’s R, Spearman’s rho, and tetrachoric correlation 

according to the nature of the variable.  Spearman’s rho values for individual and team task 

variable ratings ranged from 0.68 to 0.96 (0.88 average).  Pearson’s R for task variable 

data ranged from 0.76 to 0.99 for both teams and individuals with an average of 0.91.  The 

Strain Index’s rho values for individuals and teams were 0.70 and 0.84, respectively.  For 

hazard classification, the tetrachoric correlation for individuals was 0.81 and 0.88 for 

teams.  Results of this study support the conclusion that the Strain Index is repeatable 

when used by teams as well as individuals.                 
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INTRODUCTION 
 

 The Strain Index (SI) is a job analysis tool that uses both qualitative and 

quantitative methods to identify jobs that do and do not expose workers to an increased 

risk of developing a distal upper extremity (DUE) disorder.1   The DUE is defined as the 

elbow, forearm, wrist, and hand.  The Strain Index aids in identification of jobs that have 

an increased risk of DUE disorders such as medial and lateral epicondylitis, tendon 

entrapment at the dorsal wrist and digits, peritendinitis, and carpal tunnel syndrome.1-4   

Theory underlying the Strain Index methodology was derived from principles related to 

physiology, biomechanics, and epidemiology of DUE disorders.  Six task variables 

(intensity of exertion, duration of exertion per cycle, efforts per minute, hand/wrist posture, 

speed of work, and duration of task per day) describe the exertional demands of a job.1   

 In the 1995 Strain Index proposal, Moore and Garg listed not having data on intra- 

or inter-rater reliability as a limitation of the Strain Index.1   Several additional recent 

articles have pointed out that the lack of reliability data is still a limitation of the Strain 

Index.5,6   Reliability of a tool is the capability of the instrument to replicate previous 

measurements of the same object of study.7 This is usually broken into intra- and inter-

rater reliability.8   Intra-rater reliability is the ability of a tool to reproduce measurements 

independent of the time when measurements are recorded.7,8   Inter-rater reliability is the 

ability of a tool to reproduce measurements on the same object of study independent of the 

person taking the measurements.7,8   Intra-rater reliability is also known as test stability or 

test-retest repeatability; the latter synonym will be used in this study.  The purpose of this 

study is to investigate test-retest repeatability of the Strain Index.    

 
 
 
 

This thesis follows the style and format of The Journal of Occupational and 
Environmental Medicine.  
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METHODS 
 

 Fifteen participants were asked to assess digitized video files (AVI files) chosen by 

the researchers to be representative of industry as well as covering the full range of the SI 

task variables. Participants rated video files on a single SI task variable and contributing 

task variable data.  Each task variable was evaluated separately and randomly from other 

task variables.  SI score was assessed by participants viewing 12 additional video files and 

assigning ratings to all SI task variables.   Once the five task variables were assigned a 

rating, the corresponding multipliers were used by participants to calculate a final SI score.  

After completion of the individual round, participants were then grouped into teams of 

three and asked to repeat the evaluation of the video files as teams.   

 

Raters: 

  

The rater cohort consisted of nine ergonomic professionals from three different 

cities (three from Phoenix, three from Albuquerque, and three from Milwaukee) and six 

graduate students from Texas A&M University (3 Master’s students and 3 Doctoral 

students).   All participants, regardless of experience, were given an eight-hour tutorial on 

using the Strain Index.  This included background on SI principles, SI applications, video 

files examples of jobs, demonstrations on how to apply ratings to video files, and an open 

discussion of example results.  Each rater was given a CD containing 73 job video files, an 

instruction and procedure manual, and a web-page address with a login ID.  Each 

participant was asked to evaluate job video files as directed by the instruction manual and 

to use the enclosed forms to record task variable ratings, estimates, observations, and/or 

calculations.  Participants were instructed to log on to the secure website and submit their 

results.  If participants had problems with the website, they were asked to mail the forms to 

the researchers.  After completing individual evaluations for all jobs, teams of three 

reevaluated video files and formed a consensus on desired task variable rating, estimation, 

observation and/or calculation for each job video file.  Team job scores were also 

submitted over the Internet or mailed to the researchers.  The second round started between 
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three and seven months after conclusion of round one.  In round two, participants were 

requested to individually reevaluate the same video files, repeating the process from the 

initial evaluation.  After all individuals had completed the second round and submitted 

their evaluations, the five teams reconvened to discuss and reevaluate the files.  Teams 

followed the same procedure as in their previous meeting and submitted their team 

evaluations to the researchers.          

   

SI Procedures:  

 

 The Strain Index is comprised of six different task variables (intensity of exertion, 

duration of exertion per cycle, efforts per minute, hand/wrist posture, speed of work, and 

duration of task per day), which are used to calculate the SI Score.1   The SI score can then 

be dichotomized into a hazards classification (safe or hazardous).  Each task variable will 

be discussed in further detail except for duration of task per day.  Because raters were only 

given a short video file consisting of several job cycles, it was unknown how long the job 

operator actually performed this task.   For purposes of this study, it was decided that every 

operator performed the filmed task for an eight-hour shift (rating of 4 and multiplier of 1).     

 

Task Variable Ratings: 

 

 Task variables (intensity of exertion, duration of exertion per cycle, efforts per 

minute, hand/wrist posture, speed of work, and duration of task per day) are the six 

variables used to calculate the SI score.  Each task variable was assigned a rating from one 

to five based on observations or measurements from the job evaluation with a ranking of 

one being the lowest possible value (see Table 1).      
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TABLE 1a 

Strain Index Rating Verbal Anchors  
  

Task 
Variable 
Rating  

Intensity of 
Exertion 

Duration of 
Exertion 

(%) 

Efforts Per 
Minute 

Hand/Wrist 
Posture 

Speed of 
Work 

Duration 
Per Day 
(Hours) 

1 Light < 10 < 4 Very Good Very Slow ≤ 1  

2 
Somewhat 

Hard 
10 to 29 4 to 8 Good Slow 1 to 2 

3 Hard 20 to 49 9 to 14 Fair Fair 2 to 4 
4 Very Hard 50 to 79 15 to 19 Bad Fast 4 to 8 

5 Near Maximal ≥ 80  ≥ 20  Very Bad Very Fast ≥ 8  
    a Table 1 from Moore and Garg, 1995 

 

Task Variable Data: 

 

 Task variable ratings were assigned based either on observational or measured data 

collected from job video files (total time, number of durations, etc…) or verbal anchors 

depending on which task variable was being evaluated (see Table 1).  In this study, 

participants did not collect additional data concerning hand/wrist posture or speed of work, 

but used verbal anchors (see Table 1) to assign these two task variable rankings.  To 

determine task variable ratings for intensity of exertion, duration of exertion, and efforts 

per minute, each participant and team collected specific task variable data.  Stopwatches 

were used to record total and partial cycle times, total job times, and durations of exertions.  

Hand counters were used to record number of efforts per job cycle and total number of 

exertions.  Participants and teams estimated peak and average force of exertions as a 

percentage of the operator’s maximum voluntary contraction (MVC) and estimated 

average force on a Borg CR-10 scale.9  Participants were also instructed to list Therbligs in 

each job cycle.   
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SI Score: 

  

 Once each task variable is assigned a ranking, the SI Score can be calculated.  Each 

(one to five) ranking corresponds to a multiplier for the given SI variable (see Table 2).  

Multipliers are unique for each individual task variable.  The SI Score is equal to the 

product of all six multipliers (for this study, the multiplier for duration of task per day was 

held constant at one).  The SI Score can range from 0.0625 to 1579.5. 

 

 

Table 2a 

 Strain Index Rating Multipliers 
 

Category 
Intensity 

of 
Exertion 

Duration 
of 

Exertion 

Efforts 
Per 

Minute 

Hand/Wrist 
Posture 

Speed of 
Work 

Duration 
Per Day 

1 1 0.5 0.5 1 1 0.25 

2 3 1 1 1 1 0.5 

3 6 1.5 1.5 1.5 1 0.75 

4 9 2 2 2 1.5 1 

5 13 3 3 3 3 1.5 

  a Table 2 from Moore and Garg, 1995 

 

Hazard Classification: 

 

After the SI Score has been calculated, the hazard classification is used to 

determine if a job is safe or hazardous.  Previous studies have indicated that an SI score of 

five or greater was predictive of hazardous jobs.1,5,6,10   It should be noted that a job with a 

“safe” classification does not mean that the job is free from hazardous exposure because 

there are some risk factors beyond those considered by the Strain Index.1    
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SI Task Variable Data 

 

 When determining the intensity of exertion task variable rating, participants made 

several measurements and observations from 15 video files and then assign ratings based 

on task variable data.  Participants collected task variable data on Therbligs, estimates of 

average hand force and peak hand force (as a percentage of MVC), and estimates of the 

task force using the Borg CR-10 scale. 

 The duration of exertion task variable for 14 jobs was calculated based on data 

collected while watching video clips.  Participants measured total observation time, 

number of exertions, and total duration of those exertions.  The percent duration of 

exertion was calculated by dividing total duration time by total observation time.  The task 

variable ranking was then assigned based on this percentage (see Table 1). 

 While calculating the efforts per minute, participants measured total observation 

time (in minutes) and number of exertions during that time for 14 different jobs.  Efforts 

per minute were calculated by dividing number of exertions by total observation time.  The 

number of efforts per minute is then used to assign the ranking to this task variable.            

 No task variable data was collected on hand/wrist posture or speed of work.  

Participants assigned task variable rankings using the SI verbal anchors, which are listed in 

Table 1.   Nine jobs were evaluated for each of these two task variables.       

 To assess the SI Score, participants watched 12 job videos and rated all five-task 

variables for each job.  After rankings had been assigned, participants calculated the SI 

Score for each job using multipliers listed in Table 2.  After SI Scores had been submitted, 

the authors dichotomized the SI Scores into their respective hazard classifications.    

 

Statistical Analysis: 

 

 Since SI task variable ratings are inherently ordinal, level of agreement between 

round one and round two was assessed using Spearman’s rho.11  Besides the Borg CR-10 

Scale, task variable data were considered continuous variables and analyzed using 
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Pearson’s R.12-14  The Borg CR-10 Scale and SI Scores are ordinal and were also analyzed 

using Spearman’s rho.11,15   Correlation between dichotomous hazard classifications1 was 

analyzed using tetrachoric correlation.16,17  SPSS version 10 was used to calculate all 

statistics except for the tetrachoric correlation, which was calculated using Statistica 6.0.           
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RESULTS 

 

Raters: 

  

 During the course of the study, one rater did not complete the second individual 

round of the experiment, but participated in the second round team evaluation.  Because 

the participant did not complete the second round of ratings, the participant’s individual 

round one scores were omitted from the test-retest analysis.      

 

Task Variable Rating Results: 

 

 Of the five task variable ratings evaluated individually by the 14 participants, only 

one had a Spearman’s rho value less than 0.90.  Inspection of Table 3 shows that posture 

had the lowest individual task variable correlation value of 0.83.  This reveals a good to 

strong test-retest repeatability for individually rated task variables.  For team evaluations, 

four of the five task variables had rho correlation values above 0.88.  Once again, the 

lowest variable correlation was hand/wrist posture with a rho value of 0.68.  One team was 

found to be responsible for most of the hand/wrist variation. When this team was omitted 

from the hand/wrist posture analysis, the rho value increased from 0.68 to 0.90.  The range 

of the SI scores calculated in this study was 0.5 to 87.75 with an average of 12.33.  The 

individual and team SI Score correlation values were 0.70 and 0.84, respectively.  The 

correlation value of the individual hazard classification was 0.81 and the team correlation 

was 0.88.   

 

Task Variable Data Results: 

 

 The individual task variable data showed good to strong correlations with all values 

at or above 0.84 (0.84 to 0.95).  Most of the team data showed strong correlations values 
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(Table 3) above 0.92 except for efforts per minute, which had a correlation value of  0.85.          
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Table 3 

Strain Index Correlation Values for Repeatability 

Task Variable Ratings a 

 

Duration of Exertion 

Efforts Per Minute 

Intensity of Exertion 

Hand/Wrist Posture 

Speed of Work 

 

Task Variable Outcomes 

 

SI Score b 

Hazard Classification c 

 

Task Variable Data b 

 

Average Force of Exertion 

Peak Force of Exertion 

Borg CR-10 Rating d 

Efforts Per Minute 

Period of Duration 

 

Individual Ratings 

 

0.91 

0.93 

0.90 

0.83 

0.90 

 

 

 

0.70 

0.81 

 

 

 

0.87 

0.88 

0.88 

0.84 

0.95 

 

 

Team Ratings 

 

0.88 

0.90 

0.96 

0.68e 

0.91 

 

 

 

0.84 

0.88 

 

 

 

0.93 

0.95 

0.95 

0.85 

0.94 

 

 a  Task variables analyzed using Spearman’s Rho correlation 
 b  Continuous variable analyzed using Pearson’s R correlation 
 c  Hazard classification analyzed using tetrachoric correlation 

d  Borg CR-10 was analyzed using Spearman’s Rho correlation 
 e  Rho is equal to 0.90 when Team Five was removed from analysis  
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DISCUSSION 

 

 A frequently mentioned problem with test-retest studies is that the “system” or the 

item being studied changes between testing periods.7,12,18   In the current study, most of the 

groups completed their second round between three and five months after completion of 

the initial round.  One team took seven months to complete the second round.  Because of 

the design of this study, neither time between testing periods nor the system changing 

affected results.  Participants reviewed the same video files in both testing rounds, which 

means the system physically could not have changed.  

The Strain Index itself helps prevent reliability errors due to changing systems in 

this study.  The Strain Index was used to determine if the job is hazardous or not based on 

the job itself, not the person.1,5,6,10   Unlike biological properties of a person, a job does not 

change.  If a job does change (a new process is added, different tools are used, etc…) the 

job needs to be reevaluated using the Strain Index and considered, for purposes of the SI, a 

new job. 

 One of the limitations of this and other repeatability studies is the impact of 

participant’s memories.18   Some subjects may have been able to remember during the 

second round how they scored job files from the first round.  This may have been a more 

prominent factor for teams than individuals.  Because of the number of people that were 

involved and discussions that took place, team scores may have been more memorable.  

One of the problems with team discussions was that individuals had to be persuaded to 

form a consensus.  Some individuals could have remembered these discussions during their 

second round individual evaluations.  Having been persuaded during the team meetings, an 

individual’s second round scores would reflect new insight and differ from their first round 

scores.  This might explain why the teams had higher overall repeatability correlation 

values.   

Another limitation of this study was sample size.  Initially, fifteen subjects were 

recruited to participate in this study.  One participant was removed from the analysis for 
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not completing the second individual round.  A recommendation from literature states that 

at least 30 participants should be used when assessing reliability of a tool.19        

Team Five presented several problems for the study.  As mentioned above, Team 

Five returned their second round scores more than two months after the other teams.  This 

group also contained the participant who did not complete the second individual round.  

Team Five was the primary source of variation that caused the decline in team posture 

correlation score.  When they were removed from the hand/wrist posture analysis, the team 

posture rho correlation improved from 0.68 to 0.90.  With this change, the lowest team task 

variable rating rho was 0.88 (duration of exertion).  Team Five consisted of three Master’s 

students.  Out of 15 participants, these three were the least experienced; not only in using 

the Strain Index, but also in performing job task analyses.  Though Team Five accounted 

for the majority of the variation in the hand/wrist posture correlation, the rest of their 

scores did not deviate from scores of other teams.  Considering that hand/wrist posture had 

the lowest correlation values for both teams and individuals, a lack of experience may have 

been a factor, but probably not the sole cause of the deviation.    

  Besides the Strain Index, there are three other proposed analysis tools available 

for analyzing the DUE; Rapid Upper Limb Assessment (RULA),20 Rapid Entire Body 

Assessment (REBA),21 and the Threshold Limit Value for Hand Activity Level (TLV for 

HAL).22  Neither REBA nor RULA have published test-retest repeatability data.  One 

study of HAL has reported good test-retest repeatability as the result of an average team 

rating for only one team consisting of two members.23    

 

Statistical Discussion 

 

Pearson’s and Spearman’s correlations have been debated in literature on whether 

or not it is appropriate to use these particular methods to evaluate test-retest 

repeatability.8,24  One of the problems with Pearson’s R is that it does not observe a 

potential learning effect between testing periods.8  Error may be introduced into a study if 

observers are not well trained.7  The current study attempted to adjust for this error by 
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using participants (except the members of group four and five) who were employed as 

ergonomists or safety and health professions with SI and job evaluation experience.  Even 

the Doctoral students had prior experience conducting numerous job evaluations using the 

Strain Index.  The eight-hour training session was also used to try to alleviate some of the 

variation caused by this type of error.     

In the Essendrop et al study, it was pointed out that one of the reasons for their high 

correlation values was due to a “large variation in the physical abilities among the 

subjects.”  Although this is a problem with using correlations, it was not a factor in the 

current study because of the methods used to evaluate video files and the nature of the 

Strain Index itself.  In the current study, rater one evaluated the same video files in round 

one as round two and also the same file that was evaluated by rater ten in both rounds.  

Since the video files did not change, but were only randomized, it cannot be a source of 

variation.  The purpose of the Strain Index is to evaluate jobs, not the workers performing 

the jobs. 1,5,6,10  If the job does change, it is no longer the same job and should be evaluated 

independently from the first job.   

 The Inter Class Correlation Coefficient (ICC) is one method that is often used 

instead of Pearson’s R or Spearman’s rho correlations for measuring tool reliability. 8,24  

For comparison purposes, and to be completely thorough with this study, ICCs (two-way 

mixed, absolute agreement) were calculated for all SI task variables and task variable data.  

All ICC values were within 0.015 of their respective Pearson’s R or Spearman’s rho 

values.  Even though the interpretation between statistics is a little different, the difference 

in magnitude between ICCs and Pearson’s is usually negligible,8,24 as they are in this 

study.     

 Cohen’s kappa is another statistic that is often used to determine test-retest 

repeatability.8,25   One of the problems with kappa is that it can only be used to analyze 

categorical data.8,25  Kappa is also highly affected by “differences between the marginal 

distributions”17 or the “distribution of positives and negatives.”24  To overcome some of 

the faults of kappa, it is recommended to use weighted kappa.25  Kappa only considers total 

agreement, but weighted kappa allows responses to be weighted to give partial credit to 



 

 

14

 

scores that only differ slightly (as determined by the researcher).24 The problem with 

weighted kappa is that weights are totally arbitrary and it denies the ability to compare 

kappa results with kappa measurements from other studies.24  If kappa is weighted using 

the preferred quadratic weightings, the results are identical to the ICC method.24  Szklo 

recommends using caution when interpreting kappa’s results and does not recommend 

using kappa as the sole measure of agreement.        
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CONCLUSION 

           

 The Strain Index was developed as a tool to help differentiate between jobs that do 

and do not expose workers to increased risk of developing a DUE disorder.1,5,6,10   

Reliability of a tool determines the level of confidence one has in the results obtained.7  

Test-retest repeatability and inter-rater reliability have “been viewed as the most important 

forms of test reliability.”26  To be used as a useful tool, the Strain Index must be both valid 

and reliable.26  Previous studies have shown that the Strain Index has a high level 

predictive validity (sensitivity and specificity).1,5,6,10  Results of this study show that the 

Strain Index has a high level of repeatability.  Current research is being conducted to 

determine the Strain Index’s inter-rater reliability. The Strain index is currently the only 

ergonomics tool being used to evaluate DUE disorders that has demonstrated high levels of 

repeatability, sensitivity, and specificity.                           
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