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The purpose of this study is to evaluate an updated beta version of Ergo-Index, a 
digital tool for ergonomic risk assessments. The evaluation was performed with 15 
expert users who assessed type, distance, height and exposure time of certain work 
tasks, as well as the usability of the tool. In conclusion, the users find the present 
state of the Ergo-Index suitable as a first screening method. Assessments of lifting 
work have the greatest inter-rater reliability. Further development of the digitalized 
version of the tool is needed to improve accuracy assessing input regarding 
pushing and pulling work tasks, and to increase usability. 
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1. Introduction 
This paper presents the results of a user study aiming to evaluate an updated beta 
version of the Ergo-Index model for risk assessment of work tasks from an ergonomic 
as well as a production performance perspective. To reduce the risk of musculoskeletal 
disorders (MSD) and work-related ill-health, it is important to understand the effects of 
the physical load and intensity, working posture, exposure and recovery time, and 
how these factors interact. Further, to secure sufficient recovery during work shifts. 
Using posture and force data, as well as loading time (the time the force is exerted) as 
input, the updated version of Ergo-Index enables assessment of load level and recovery 
need, allowing for different work-methods to be analysed and compared before 
deciding on appropriate design and performance of work procedures. 
 
1.1. Background 
MSDs are among the most commonly reported occupational injuries in Sweden and in 
Europe, and pose a problem for society, companies and individuals (AV, 2016; EU-
OSHA, 2010). Working conditions that involve unfavourable body movements, such as 
heavy loads, twisting and bending or monotonous, repetitive movements are all 
known to increase the risk of MSDs (Bernard, 1997). In addition, high job demands 
with intensive and rapid pace in work performance, with insufficient time for recovery 
during the work shift are identified as risk factors of MSDs (Devereux et al., 2011).  

Exposure time, recovery time, the relationship between exposure and recovery, 
and monotony versus variation, are all significant factors in the development of muscle 
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fatigue that in turn may lead to overloaded and damaged muscles (Ma et al., 2015; 
Rose et al., 2014). To minimize the risk for musculoskeletal problems and muscle 
fatigue, it is useful to determine the need for recovery time during statistic work and 
organize work tasks accordingly, for example by planning for short breaks of little or 
no activity (Rose et al., 2014, Ma et al., 2015, Frey-Law et al., 2012). Previous research 
shows that by introducing additional rest periods, development of fatigue can be 
reduced. Individuals who exhibit more gaps in muscle activity, for example through 
electromyography (EMG) measurements, have lower risk of developing musculo-
skeletal disorders (Yung et al., 2012). Here, variation of work tasks, in time or in 
activity, may be a viable option to alternate work load exposure over time, and reduce 
muscle fatigue and discomfort (Luger et al., 2014: Luger at al., 2015).  

Fatigue, if prolonged and without recovery, can in turn lead to pain and 
discomfort that restricts  endurance time and prolong the time it takes 
to complete a work task, thus limiting work ability (Rose et al., 2000). Furthermore, 
unfavourable working conditions can affect system performance, both in terms of 
quality and productivity. Since reconstruction or adjustments of the human machine 
system can be both costly and time consuming, it is preferable to consider these 
ergonomic risks early in a production design or development process, when 
improvements are more feasible and usually less costly (Jaber & Neumann, 2010). 

Organizations need to carefully consider how to design work-rest schedules to 
maintain high performance, and at the same time keep the employees  exposure to 
risks for ill-health low. For this purpose, several models have been developed to 
estimate the physical load in different work situations and estimate work load (for an 
overview, see for instance Palm et al., 2014). For now, there is not consensus about one 
single load and exposure time based model for determining recovery time for tasks 
involving static muscle work (El Ahrache & Imbeau, 2009; Ma et al., 2015; Rose et al., 
2014). Rather, there are significant differences between existing models, and sometimes 
conflicting, results in recommended recovery times for the same working conditions, 
depending on which model is being used.  

 
1.2. The Ergo-Index tool for evaluation of work 
The purpose of the Ergo-Index is to assess work-tasks such as pull, push or lifting and 
to determine the recovery-time needed, to support planning of work and deciding 
between alternative ways to perform a task. For example, moving windows during 
assembly manually, or by using a robot. In Ergo-Index, physical work load and 
recovery need is assessed, using four parameters as input data: type of work, height, 
distance and time to complete a task (the time the force is exerted). The results of an 
assessment are shown as recovery need, production time and physical load level. The 
results of an Ergo-Index assessment are presented by displaying the exposure time (in 
red) and recovery time (green), both in seconds and how it is distributed as a 
percentage of total time (Figure 1). For tasks which are assessed as exceeding 
maximum forces for lifting, and pushing and pulling stated in the Swedish provisions 
on Ergonomics for the Prevention of Musculoskeletal Disorders (AFS 2012:2), a warning is 
given.  
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Figure 1. An example of an assessment result using the Ergo-Index program (Beta 
version 3.0), here assessing the task Manual transport of windows, which also displays 
a warning for elevated risk of MSD problems. 
 
2. Study purpose and research questions 
The purpose of the study presented in this paper is to test and evaluate an updated 
version of Ergo-Index, available as a beta version of a digitalized excel based tool, to 
receive user feedback that can be useful for the continued development process of the 
tool. Specifically, the aim is to evaluate: 

i. face validity and inter-rater reliability of the Ergo-Index model, based on the 
ion data from four different work tasks. 

ii. perceived usability of the beta version of the digitalized, excel based Ergo Index 
tool 

 
3. Research design and procedure 
The evaluation was performed with 15 expert users with a background as ergonomists 
or work environment engineers. The users were introduced to the beta version of Ergo-
Index software and given a step-wise instruction on how to perform evaluations and 
assessed of four different work tasks, each with two different methods to perform the 
task, all illustrated in short video films.  

The users were first given the task to assess type (lift, push or pull), distance, 
height and exposure time of the work situations, which resulted in an assessment of 
load level, recovery time and production time. After performing all eight assessments, 
the users answered a written questionnaire on how they perceived the usability of the 
model. 

 
3.1. Sample 
Initially, 31 participants were invited to participate in the study. 23 participants 
accepted the participation and finally, 15 participants completed the assessment. The 
main reason stated for not completing was lack of time. The participants had two 
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weeks of implementation, and one user received another four days because there was a 
problem with the platform. The invited participants are present and former students at 
KTH Royal Institute of Technology Master's program Technology, Health and Work 
Environment Development. It may be assumed that these participants would have 
adequate knowledge required to carry out this kind of assessments, although they did 
not receive any specific training course on the tool. They are also seen as potential 
future users of the Ergo Index. 
 
3.2. Data collection and analysis 
The evaluation was done entirely digitally and no physical meetings were held. Some 
further instructions were however given over telephone. The participants were invited 
to share a closed folder via Dropbox that contained eight sub-folders, each representing 
a step in the evaluation procedure. After reading through information about the project 
and instructions on how to use the program, the participants were given the task to 
perform risk assessments of four work tasks that each was done in two separate ways. 
For the risk assessments, the participants were asked to assess the type of work, 
working height, working distance and exposure time for each task. In four video films, 
the following work tasks were illustrated: 1) Lifting and transport of windows, 
manually and by means of a robot; 2) Installing plaster boards, manually and with a 
mounting rule; 3) Making beds with the 2 in 1  technique, and 4) 
Transport/moving boxes, manually from mid-height and high height. 

After completing the risk assessments, the participants were asked to answer a 
survey questionnaire on the usability of the program. Answers to the 19 questions 
were given on a 5 points Likert-scale (Nemoto & Beglar, 2014) and it was also possible 
for the participants to give free text comments. The first part of the questionnaire 
included questions on how easy or difficult it is to assess the physical load from 
different perspectives of the work tasks, where the answer options are easy, fairly easy, 
neither easy nor difficult, rather difficult and difficult. The second part contained questions 
on the usability of Ergo-Index that could be answered with the options totally agree, 
partially agree, neutral, partially disagree, and totally disagree.  

4. Results  
 
4.1. Ergo-Index face validity and inter-rater reliability  
Physical load is assessed in Ergo-Index in terms of work type, height, distance, and 
exposure time.  

Work type can only be exclusively categorized as either lift, push or pull. For this 
category, the results generally display consensus among the participants. Five out of 
eight assessments represent relatively uniform assessments. Of the three work type 
assessments that proved to be more difficult to evaluate are the movement of windows 
using a robot which included all three options (lift, push and pull), installation of 
plaster boards, manually as well as using a mounting rule  

Working height is specified in relation to the workers body as: foot knuckle, knee
shoulder, shoulder head and above head. Here, the results varied largely depending 
on type of work analysed. A high degree of consistency was shown for the work that 
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involved moving boxes. The least degree of consistency was found in the work 
involving making beds.  

Working distance is categorized with three different options for the distance from 
the worker to the object: 0 40 cm, 40 60 cm and 60 80 cm. This was the variable that 
was most difficult to assess and thus showed the largest variation in results. As for the 
other variables, moving boxes was the task that gave the greatest consistency, while 
lifting and transporting a window using a robot gave the least. 

Exposure time for each task is freely estimated by the user, without any fixed 
options. Figure 2 illustrates the participants' estimation of exposure time for the 
different work tasks. There was generally good consistency across the assessments of 
work tasks, except for especially bed making, that ranged from 50 to 165 seconds, and 
an odd estimate for installation of plasterboards using a mounting ruler. As before, 
manual handling of boxes was the task that showed the greatest inter-rater reliability. 

 

 
Figure 2. User evaluation of exposure times for the assessed work tasks. 

 
4.2. Perceived usability of the Ergo-Index  
Most users gave neutral answers to the survey questions on how easy or difficult they 
found assessing the various work tasks. Additional free-text comments do however 
indicate that several of the users found it difficult to use the model and requested 
better instructions and training opportunities. 

Generally, the participants estimated that it was neither easy nor difficult to make 
assessments based on the different work moments. The participants further consider 
that assessment of work movements and work postures are the most difficult to 
determine using the Ergo-Index. Pushing and lifting work are the type of force 
exertions and moments that are reasonably easy to assess. 
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5. Discussion 
 
5.1. Discussion on research design and methods  
The greatest challenge with this study was recruiting respondents and guiding them 
through the evaluation process in a suitable way. According to Ejlertsson (2014), there 
are several components to elicit feedback from users, such as the design of the 
questions, the questionnaire design, informative letter of compliance and reminder to 
those who do not complete the data. But the most important thing is motivation to get 
the user to answer the questions. In principle, all participants found it difficult to 
understand the written instructions in the Ergo-Index beta version. On request, 
additional instructions and clarifications regarding the tool and its use were sent to the 
participants by e-mail Nevertheless, there was a large need to provide more 
instructions about how the program and method should be used, which caused 
frustration for the participants, and possibly contributed to the five rejections from 
those who had first accepted to participate but later opted out of the study.  

The participants' completion of the use of the Ergo-Index tool might have been 
higher, had they received personal instruction, training and practical guidance, and, 
possibly, more time to get to know the method. In this study participants were solely 
recruited from  own network, which is a limitation. Usually there are 
opportunities to supplement risk assessments with conversations or further 
observation, which was not offered in this study. This may have affected participants' 
assessment capabilities and their general uncertainty about the correct execution of the 
assessment. The information that the participants had access to in this study was 
recorded material, written instructions as well as the ability to contact one of the 
authors on uncertainties. Subsequent interviews would had given the study more 
dimensions, emphases and qualitative ability to capture the participants experiences 
and evaluations of the tool. 

 
5.2. Discussion on results 
The results of the assessments varied greatly, except for the assessment of moving 
boxes, as well as high and medium height. Here, the participants were almost 
completely consistent in all parameters; work type, height, distance and exposure time. 
For example, participants were completely coherent in terms of working distance when 
moving boxes from average height versus largely dispersed response regarding 
working distance when moving windows with robots. Possibly, this could be due to 
the videos not being filmed in the same way and that the angles of the video, light 
differences, which may affect the participants' perception of what they are looking at. 
In addition, it may be because the participants draw attention to various aspects of the 
videos or that experiences differ from the performance of ergonomic risk assessments. 
This has previously been see also in (Eliasson et al., 2017), who also discuss the 
importance of participants from different industries, where some may lack experience 
of the evaluated work tasks.  

The low inter-rater reliability, and thus the validity, of the results clearly 
demonstrate the need for further development of the Ergo-Index. The participants 
themselves highlight the difficulties in making adequate assessments based on video as 
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compared to judging in the multi-dimensional reality, where it would also be possible 
to ask questions to the workers performing the evaluated tasks. However, it is 
important to lift the positive aspect of recorded material, i.e to be able to see the 
material several times and analyse step by step as well as catch any failures (as 
discussed by for instance Mathiassen et al., 2012). Yet, one must not rule out the other. 

Participants expressed in several of the comments a desire for more information 
and education before using the Ergo Index. Some participants were unsure whether 
they used method correctly and stated that it was somewhat difficult to understand 
what to do and how. 

 
5.3. Further development of the Ergo-Index 
It would be interesting to supplement this study with interviews to get a deeper and 
broader understanding of the obtained results and elicited user comments. There is a 
need for development of the usability before a repeated user study. Finally, to check if 
the results would be different if the participants were given the opportunity to practice 
Ergo-Index. It is hypothesised that this would influence the results and the evaluation 
of the tool. 

6. Conclusion 
In its present state, the Ergo-Index tool is seen by the users in this study as a suitable 
first screening method when assessing work tasks from an ergonomics and production 
performance perspective. The results show that the participants experienced 
difficulties assessing most parameters in the work tasks and the inter-rater reliability 
was low.  

The participants reported that they were unsure whether the Ergo Index had 
assessed what it intended to assess, and several sections were reported by the users to 
be unclear. Further development of the tool is needed to improve accuracy especially 
of the assessments of work tasks involving push and pull, and to increase usability and 
thus reduce the need for detailed instructions of how to use the Ergo-Index model 
before final release. 
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