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ABSTRACT 

 
Pushing and pulling (PP) activities were initially introduced into the workplace to reduce exerting too much force 
during lifting and lowering, given it exposed workers to other health ailments due to the complexity associated with 
these activities. However, while some assessment tools are available and are used to assess PP activities, they neglect 
to address the main risk factors associated with PP activities. Therefore, in order to understand the risk factors 
associated with PP activities from an occupational safety and health (OSH) practitioner’s perspective, in this study, an 
online survey was undertaken involving OSH practitioners from respective organizations in gaining further insight into 
some of the issues. The variables of the study were selected based on the value of the mode as more significant 
compared to the value of the median for each variable. From a total of 23 variables, eleven variables (47.8%) (handle 
height, handgrip, load magnitude, frequency, distance, present of coworkers, posture, task duration, floor conditions, 
congestion in the workplace, and the age of workers) were found to be essential variables to include in performing a 
risk assessment of PP related activities. Noticeably, many of these variables are not currently incorporated or 
available in risk assessment tools. Therefore, a new assessment tool for PP activities should be developed by 
considering the input of OSH practitioners. 
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INTRODUCTION 
 
Preventative measures associated with pushing 
and pulling (PP) activities have been introduced 
across many industries following the high number 
of work-related musculoskeletal injuries 
(Granata & Bennett, 2005; Haslam et al., 2002; 
Jung et al., 2005; Laursen & Schibye, 2002; 
Resnick & Chaffin, 1995). Although while proper 
PP measures can help in reducing the force 
required compared to lifting and lowering, it 
exposed workers to other health problems 
(Haslam et al., 2002).  
 
However, despite the issues as noted above, 
there are a number of assessment tools that are 
readily available for safety and health 
practitioners to perform risk assessments on PP. 
These include the Revised Tables of Maximum 
Acceptable Weights and Forces (Snook & Ciriello, 
1991), Mital Table (Mital et al., 1997),  Key 
Indicator Method (Pushing and Pulling) 
(Klußmann et al., 2012), Pushing and Pulling 
Operations Assessment Charts Tool (PPAC) 
(Ferreira et al., 2007), ISO 11228-2: 2007 
Ergonomics – Manual handling – Part 2: Pushing 
and Pulling (International Organization for 
Standardization (ISO), 2007), AORN Ergonomics 
Tool 7: Pushing, Pulling and Moving Equipment 
on Wheel (Waters et al., 2011), Risk assessment 
of pushing and pulling (RAPP) tool (Health and 
Safety Executive, 2016), Pushing and pulling: An 
assessment tool for OHS practitioners (Lind, 
2016), and DUTCH: A New Tool for Practitioners 

for Risk Assessment of Push and Pull  (Douwes et 
al., 2019). 
 
Furthermore, based on previous literature, the 
development of a PP assessment tool has been 
founded on several methods: 
• Experimental design (Mital et al., 1997; 
Snook, 1978; Snook & Ciriello, 1991); 
• Literature review (Douwes et al., 2019; 
Ferreira et al., 2007; Health and Safety 
Laboratory, 2013; Lind, 2016; Steinberg, 2012); 
• Adaptation from other assessment tools 
or resources (Douwes et al., 2019; Lind, 2016; 
Lind et al., 2019; Mital et al., 1997; Steinberg, 
2012);  and 
• Consultation with experts to obtain their 
views and opinions (Lind, 2016; Steinberg, 2012). 
 
While the task of managing risks associated with 
occupational safety and health fall under the 
responsibility of Occupational Safety and Health 
(OSH) practitioners (OSHA, 1994), there is little 
evidence to suggest the input from OSH 
practitioners has been considered during the 
development stage of an assessment tool. 
 
Therefore, this research aims to collect and 
analyze the input received from OSH 
practitioners concerning the risk factors related 
to PP activities in the industry that potentially 
cause musculoskeletal injuries to workers. These 
identified variables are important considerations 
to be taken into account during the development 
stage of a PP assessment tool. 
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METHODS 
 
Participants 
 
A cross-sectional study design was adopted in 
this study utilizing an online questionnaire. The 
questionnaire was developed online using social 
media, and emailed to OSH related societies and 
associations, and administered between 26 
March 2020 and 5 May 2020. The inclusion 
criteria of the participants were OSH 
practitioners which includes Ergonomics Trained 
Person, Ergonomics Consultant/Trainer, OSH 
Manager/Assistant Manager, OSH Executive, 
safety and health officer, site safety supervisor, 
academician/researcher in the field of 
OSH/Ergonomics, physiotherapist, Occupational 
Health Doctor and Occupational Health Nurse.  
 
Instrumentation 
 
The online survey questionnaire was developed 
based on the PP framework proposed by Mack et 
al., (1995) with the addition of variables as per 
Lind (2016), and Ayoub & Dempsey (1999). The 
questionnaire divided into four (4) domains: 
design factor, task factor, environmental factor 
and operator factor. The questionnaire asked 
OSH practitioners, “Based on your perception, to 
what extent do the factors listed below affect 
the pushing and pulling activities in the industry 
which could lead to musculoskeletal disorder.” A 
5-point Likert scale was used ranging from 1 = 
“Not at all” to 5 = “To a large extent”. Example 
of the questionnaire for design factor domain as 
in Appendix 1.  
 
Before administrating the questionnaire, the 
validity of the questionnaire was assessed with a 
panel of experts (n = 5). Dissimilar to traditional 
ways in carrying out face validity, which is 
typically carried out by adopting a qualitative 
approach, the present face validity assessment in 
this study was undertaken quantitatively using a 
self-administered questionnaire (QQ-10) (Moores 
et al., 2012) consisting of 10 questions (refer to 
Appendix 2), adapted with minor changes to 
compensate for the requirements of the present 
study. 
 
Analysis 
 
Descriptive analysis and internal reliability were 
assessed using Cronbach’s alpha for face validity 
and to measure the robustness regarding the 
consistency of feedback from the expert review 
panel. As for evaluating the survey, descriptive 
analysis was used to perform this evaluation. 
Thereafter, the median and mode values were 
calculated in which any variables having a mode 
value greater than the median value were 
considered as essential variables for the PP risk 

factors. All analysis was performed utilizing IBM® 
SPSS® Statistics, version 26. 
 
 
 
 
 
  
RESULTS AND DISCUSSION 
 
Figure 1 below presents the opinion and 
feedback given by the expert panel with respect 
to face validity. Here, the Cronbach alpha value 
for face validity was 0.835, indicating good 
internal consistency between all items tested. 
 
 
 
 

 
Figure 1. Results of face validity by the expert 

panel 
 
A total number of 85 OSH personnel completed 
the self-administered questionnaire, where the 
working experience of OSH respondents is 
presented in Table 1. 
 
Table 1. Working experiences in the OSH field 
 

Years  n % 

Less than five years 31 36.5 

6-10 years 28 32.9 

11-15 years 15 17.6 

16-20 years 7 8.2 

21 years and above 4 4.7 

 
The descriptive analysis of the risk factors 
perceived by OSH personnel is presented in Table 
2 below, while the variables, as depicted in 
Table 3, indicate that the mode value was higher 
than the median value, as shown in the RAPP.  
Based on the statistical analysis, the median 
value for all variables was 4.0. 
 
Table 2. Descriptive analysis of OSH personnel 
feedback (n=85) 
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Domain  
Not 

at all  
(%) 

To a 
small 
extent  

(%) 

To 
some 

extent  
(%) 

To a 
moder

ate 
extent 

(%) 

To a 
large 

extent  
(%) 

Design Factor 
     

Type of device  3.5 3.5 28.2 36.5 28.2 

Wheels diameter 2.4 3.5 30.6 35.3 28.2 

Wheels surface 
material 

3.5 2.4 28.2 36.5 29.4 

Handle Height 3.5 2.4 17.6 27.1 49.4 

Hand Grip  3.5 7.1 27.1 29.4 32.9 

      

Task factor      
Loads 
magnitude/weight 

0 3.5 10.6 42.4 43.5 

The direction of 
motion 
(pushing/pulling) 

3.5 9.4 20 42.4 24.7 

Motion phases 
(initial/sustained) 

2.4 8.2 21.2 45.9 22.4 

Frequency  0 10.6 22.4 28.2 38.8 

Travel Distance 2.4 8.2 14.1 31.8 43.5 

Speed 3.5 16.5 23.5 41.2 15.3 

Co-workers 5.9 7.1 22.4 22.4 42.4 

Posture 2.4 4.7 21.2 29.4 42.4 

Task Durations 0 11.8 23.5 28.2 36.5 

Positioning 
Accuracy / Degree 
of Controlled 

2.4 7.1 23.5 36.5 30.6 

 
     

Environment 
factor      
Floors conditions 
(Slope, Stair, 
Curbs) 

1.2 4.7 22.4 30.6 41.2 

Obstacles along 
route 

0 5.9 27.1 35.3 31.8 

Congestion/ Space 
constraint 

4.7 7.1 18.8 34.1 35.3 

Maintenance of 
cart/trolley 

1.2 9.4 20 40 29.4 

Ambient 
temperature 

2.4 10.6 36.5 31.8 18.8 

 
     

Operator factor      

Age 0 14.1 17.6 28.2 40 

Gender 3.5 7.1 18.8 41.2 29.4 

Anthropometry 1.2 11.8 27.1 32.9 27.1 

 
 
Table 3. Important variables (mode>median) 
 

Domain Variables  Mode>Median 

Design Factors 

Type of device No 

Wheels diameter No 

Wheels surface material No 

Handle height Yes  

Handgrip Yes  

Task Factors 

Loads magnitude/weight Yes  

Direction of motion No 

Motion phases No 

Frequency Yes  

Travel Distance Yes  

Speed No 

Co-workers Yes  

Posture Yes  

Task durations Yes  

Positioning accuracy No 

Environment 
Factors 

Floors conditions Yes  

Obstacles along route No 

Congestion Yes  

Maintenance of cart No 

Ambient temperature No 

Operator 
Factors 

Age Yes  

Gender No 

Anthropometry No 

 
The results from the survey showed that the 
variables such as handle height, handgrip, load 
magnitude, frequency of pushing and pulling 
activities, distance, present of co-workers, the 
posture adopted during PP, task duration, floor 
conditions, congestion in the workplace, and the 
age of workers could be risk factors for the PP 
activities. Notably, many of these variables are 
not included in risk assessment tools that are 
readily available nowadays. For example, the 
RAPP (Health and Safety Laboratory, 2013) and 
DUTCH tools  (Douwes et al., 2019) fail to 
consider the handle height in conducting the risk 
assessment. Similarly, Ferreira et al. ( 2007) and  
Lind (2016) failed to include in their risk 
assessment tool, the distance factor.  
One of the limitations of the online based survey 
is the confirmation about the background of the 
respondents. This study depends solely on the 
self-claimed demographic status. Thus, measures 
such as the distribution of the online survey form 
to groups related to OSH may reduce the chances 
of non-OSH related person to enroll into the 
survey. 
 
CONCLUSION 
 
The feedback received from OSH practitioners 
was vital in determining the variables to assess 
PP activities across numerous industries. 
Importantly, their feedback was essential, given 
there role in managing workplace risks. Based on 
the survey, 47.8% (11/23) of the variables were 
considered crucial in carrying out the risk 
assessment of PP activities. Therefore, a new 
assessment tool for PP activities should be 
developed, considering the feedback from OSH 
personnel and the inclusion of reliability, 
validity, and usability factors as previously 
developed for pen and paper-based risk 
assessment tools (Rahman et al., 2011, 2012; 
Razak & Rahman, 2017). 
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APPENDIX 1  
 
Based on your perception, at what extend the factors listed below affect the pushing and pulling activities in industry which could lead to musculoskeletal 
disorder.  
 
Pushing & pulling: The scope of pushing and pulling in the context is referring to pushing and pulling of wheeled equipment.  
 
Design Factor 

Variables Description  1 – Not 
at all 

2 – To a 
small 

extent 

3 – To 
some 

extent 
 

4 – To a 
moderate 

extent 

5 – To a 
large 

extent 

Type of device 
(Superstructure)  

Unstable device operations: Those involving use of wheel 
barrows and sack trucks, which provide only partial support 
for the load weight;  

 
Small stable-device operations: Those involving use of 
devices that support all the load weight but are fitted with 
three or more small wheels (diameter ≤125 mm); 

 

 
 

 
Large stable-device operations: those involving use of 

     



 
 
Human Factors and Ergonomics Journal 2020, Vol. 5 (1): 60 – 68 

 

 

 
66 

devices that support all the load weight and are fitted with 
three or more large diameter wheels or run on floor rails. 

 
 

Wheels diameter Referring to the wheel size (small/big). Example: Less than 
10 cm; 10 - 15 cm; Greater than 15 cm. 

 

     

 
 
 
 
 
 
 
Wheels surface 
material 

Example: Hard (e.g. plastic or metal); Soft (e.g. rubber); 
Compressible (air filled tyre). 

 

     

Handle Height The height where the operator holds and perform the      
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pushing /pulling. Example; shoulder height; elbow height or 
knuckle height 

 
Hand Grip  How the hand grips the equipment. Example; handhold that 

allow comfortable power grip, handhold that only allow 
partial hand contact or no handle; handle that promote 
pressure points/ sharp edges.  
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Appendix 2 
 
 

1. The questionnaire was relevant to OSH Practitioners 
2. The questionnaire helped the OSH Practitioners to communicate their perception of potential risk 

factors for musculoskeletal disorders development for pushing and pulling activities in the industry. 
3. The questionnaire was easy to complete 
4. The questionnaire included all the aspects of pushing and pulling aspects 
5. The questionnaire was too long  
6. Was the questionnaire clearly worded and unambiguous? 
7. The questionnaire was too technical  
8. The questionnaire was too complicated  
9. The image in the questionnaire helped to understand the related risk factors 
10. The questionnaire may upset the OSH Practitioner 

 
 

 

 


