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Abstract— A study using the cuckoo search algorithm 

to evaluate the effects of using computer-aided 

workstations on employee health and safety (HS) is 

conducted. We collected data for HS risk on employees 

at their workplaces, analyzed the data and proposed 

corrective measures applying our methodology. It 

includes a checklist with nine HS dimensions:  work 

organization, d isplays, input devices, furniture, work 

space, environment, software, health hazards and 

satisfaction. By the checklist, data on HS risk factors 

are collected. For the calculation of an HS risk index a 

neural-swarm cuckoo search (NSCS) algorithm has 

been employed. Based on the HS risk index, IHS four 

groups of HS risk severity are determined: low, 

moderate, h igh and extreme HS risk. By th is index HS 

problems are allocated and corrective measures can be 

applied. Th is approach is illustrated and validated by a 

case study. An important advantage of the approach is 

its easy use and HS index methodology speedily 

pointing out individual employee specific HS risk.  

 

Index Terms—Health and Safety, Risk, Employee, 

Checklist, Neural-Swarm, Cuckoo Search Algorithm 

 

I. Introduction 

There is little  empirical evidence of the influence of 

design and workstation aesthetics on employees and the 

distance between health and safety (HS), psychological 

factors, and the architectural  design process can be 

considerable [5], [12], [30].  

HS, an integral part  of workstation design, is related 

to occupational ergonomics and job satisfaction [1], [3], 

[4], [11], [28], [37], [40], [41]. Leather et al 1998 [22] 

includes effects of sunlight in  the work-p lace on 

employees and the stress item. Perceived environmental 

attributes, neighbourhood and workstation design 

characteristics are associated with well-being and job 

satisfaction [6], [35]. In addition to HS and work 

organisation an aesthetically supportive and harmonious 

physical environment may influence employees  ́ views 

of their workstations and their own health [7], [25], [26]. 

According to Helander 2005 [13] the work chair’s 

design, aesthetics and comfort might be as important as 

its HS advantages.   

Aesthetic and HS factors, with or without 

psychosocial effects can be perceived to overlap [13], 

[23], [24]. In the clinical p raxis HS problems are often 

focused on. The question arises if the comprehension of 

aesthetic needs only reflects the HS needs. To 

differentiate between those two is important in 

prevention of workstation problems. 

[15] concludes that long hours of computer use are 

associated with HS problems. It is shown by [10] that 

prolonged use of computers, while performing work 

activities in poor HS environments is one major 

contributing factor to increase causes of neck pain. 

Studies reported less discomfort when HS were 

improved or HS information was given [18]. 

The workstation HS-related risk factors include hours 

of computer use, sustained awkward head and arm 

postures, poor lighting conditions, poor visual 

correction, and work organizational factors [14]. These 

risks cause problems such as, musculoskeletal disorders 

(e.g. sustained pain in the neck and upper extremities 

and regional disorders, such as wrist tendonitis, 

epicondylitis and trapezius muscle strain), eye 

discomfort and visual fatigue; and mental stress which 

are identified as some of the principal risks of computer 

task-based work [1]. If working tasks are carried out in 

inadequate conditions, workers with functional 

limitat ions may, over time, risk developing further 

disabilit ies. HS complaints have also been found to be 

associated with psychosocial factors at work [21].  

There are a lot of approaches for employee HS risk 

assessment of computer-aided office workstations [8], 

[32], but for big  sized  companies with a lot of office 

workstations it is difficult to  study all of the employees. 

There is a need of an  approach for systematic HS 

employee risk assessment of whole companies and 

identification of employees with extreme HS risk for 

immediate attention. 
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The outline of this paper is as follows. Section II 

describes the study’s methodology (Section II.A), and 

the Neural-swarm-based HS risk assessment model 

(Section II.B). The Neural-swarm-based HS risk 

assessment model is composed of (1) Artificial neural 

network (ANN) (Section II.B.I) and (2) Cuckoo Search 

(CS) algorithm (Sect ion II.B.II). By combin ing both the 

Neural-Swarm Cuckoo Search (NSCS) algorithm is 

formed (Section II.B.III). In Section III , a case study is 

presented together with an analysis of results. Most 

importantly highest HS risk dimensions/questions are 

given for the company’s employees. Section IV 

presents conclusions and advantages of using this 

project’s methodology for future studies . 

 

II. HS Risk Assessment Method  

A methodology for HS risk assessment and redesign 

of workstations is developed (cf. Figure 1). It includes a 

checklist (cf. Table 1) and a model (cf. Figure 1) for 

health and safety (HS) risk assessment. At steps 1 and 2 

the checklist dimensions and items are determined. At 

step 3 data is gathered by interviews, observations and 

measurements. At step 4, HS risk is assessed and a 

quantitative HS risk index is determined using the data 

gathered. Based on risk assessment relevant corrective 

measures for reducing HS risk (step 5) are proposed and 

implemented (step 6).  

Data gathering from employees/workplaces 

by interviews, observation and mesurements

Determining dimensions of 

health and safety of workplaces

Determining of checklist items/questions

Corrective measures for reducing HS risk

Implementation of corrective measures

HS risk assessment

6

5

4

3

2

1

 

Fig. 1: Methodology steps for HS risk assessment and redesign of 
workstations 

 

 
 
 

Table 1: Sample questions for measuring checklist dimension Health 

hazards (D8) 

Q48. You have no complaints (e.g. headaches, 

eyes, neck, back, hands, wrists, arms 

discomfort or pains) working at your 

workstation. 

Q49. Are you not receiving any medical treatment 

with relation to your work at present? Give 

percentage (0-100%) 

 

HS risk assessment aims  at identifying HS-related 

weaknesses of workstations. The entire construct of HS 

can be represented by a single dependent variable: HS 

risk index. It is a measure of how closely the features of 

a workstation match generally accepted HS guidelines. 

For HS risk assessment a HS index is calculated (cf. 

Figure 2). The checklist items (questions) on Figure 2 

are indicated by Q, fo r example, Q48-Q49, represent the 

―environment‖ dimension questions for the employee. 

The HS index, IHS integrates 9 HS d imensions measured 

by 50 checklist questions. This index is used by the 

algorithm for HS risk assessment and for the redesign of 

workstations (cf. Figure 2). 

 

Fig. 2: Workstations HS risk assessment model 

 

The severity ratings of HS risks on workstations are 

defined in Table 2. The workstation ratings for HS risk 

index, dimensions and items are determined by using 

the NSCS algorithm. HS index IHS is determined using 

employee responses, observations and measurements. 

Checklist dimensions/items indicating high (yellow) 

and ext reme (red) HS risk guide the proposal for 
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corrective measures for reducing the HS risk at specific workstations. 

Table 2: Severity rating for HS risk  

 
 

III. Neural-swarm-based HS Risk Assessment 

Model  

At step 4 a HS employee risk assessment of company 

office workstations by departments is carried out. HS 

risk assessment aims at identify ing HS-related problems 

for employees at their workstations. The entire 

construct of employee workstation HS risk assessment 

can be represented by a single quantitative dependent 

variable: HS risk index. It  is a  measure of how closely 

the features of a workstation match employee HS 

guidelines. For HS risk assessment an HS risk index is 

determined (p. Section II). For calculat ion of this risk 

index, a cuckoo search-based neural-swarm 

optimization [17] algorithm is proposed. It aggregates 

nine workstation ergonomic dimensions measured by 

49 checklist items/questions.  

The checklist structure is represented as an artificial 

neural network (Sect ion II). By  a modification of the 

neural-swarm cuckoo search algorithm neural network 

weights are trained using as a target the employee HS to 

workstation satisfaction (checklist dimension D9). 

Using these weights the responses of workstation 

users/employees are aggregated to indiv idual risk 

indices. Based on risk indices, ext reme employee HS 

risk can be found from a workstation HS viewpoint.  

3.1  Artificial Neural Network (ANN)  

An ANN consists of a set of processing elements (cf. 

Fig. 3), also known as neurons or nodes, which are 

interconnected with each other [44]. Output of the ith 

neuron can be described by: 

 

where yi is the output of the node, xj is the jth input to 

the node, wij is the connection weight between the node 

and input xj, θ i is the threshold (or bias) of the node, and 

fi is the node transfer function.  

 
Fig. 3: Processing unit of an ANN (neuron) 

 

The adaptation can be carried out by minimizing 

(optimizing) the network erro r function ε given by 

equation: 

                        (2)
 

where ε(w(i)) is the error at the ith training iteration; w(i) 

- the weights in the connections at the ith iteration; tj- 

the desired output/target (D8-user-satisfaction); oj - the 

actual value of the output node; n - the number of 

patterns (data gathered by checklist from workstation 

users). The optimizat ion goal is to minimize the 

objective function by optimizing the network weights w 

(i). 

3.2  A Cuckoo Search (CS) Algorithm  

Cuckoo Search (CS) is a new meta-heuristic 

algorithm, to solve optimization problems which first 

proposed by Yang and Deb [43]. Th is algorithm is 

inspired by the obligate brood parasitic behaviour of 

some cuckoo species in  combination with  the L évy 

flight behaviour of some birds and fruit flies in nature. 

This section introduces main steps of the cuckoo search 

via ĺ evy flights optimization algorithm. For simplicity 

in describing the Cuckoo Search, consider the following 

three idealized ru les: 1) Each cuckoo lays one egg at a 

time, and dump its egg in randomly chosen nest; 2)  

The best nests with h igh quality o f eggs will carry  

over to the next generations; 3) The number of availab le 

host nests is fixed, and the egg laid by a cuckoo is 

discovered by the host bird with a probability p ϵ  [0, 1]. 

In the case of min imization problems, the quality or 

fitness of a solution can simply be proportional to the 
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minus value of the objective function. For convenience, 

one may  use the following simple representations in 

which each egg in a nest represents a solution, and a 

cuckoo egg represent a new solution, the aim is to use 

the new and potentially better solutions (cuckoos) to 

replace a not so good solution in the nests. Based on 

these three rules, the basic steps of the Cuckoo Search 

(CS) can be summarized as the pseudo code shown in 

Figure 4. When generating new solutions x (t+1) for, 

say a cuckoo i, a L évy flight is performed. 

                      (3) 

where α > 0 is the step size which should be related to 

the scale of variables of the problem of interests. In 

most cases, we can use α = 1. The product ⊗ means 

entry-wise multiplications.  

 
Fig. 4: Pseudo code of the Cuckoo Search (CS) 

 

 
Fig. 5: HS risk index determination 

 

3.3  Neural-Swarm Cuckoo Search (NSCS) 

Algorithm  

In NSCS algorithm (cf. Fig. 4), the major idea 

underlying this synthesis is to interpret the weight 

matrices of the ANNs as solutions, weights or nests, and 

to change the weights by means of a cuckoo finding  a 

better one. The erro r, ε produced by the ANNs using 

these weights is the fitness measure which  guides 

selection. This leads to a following weights training 

cycle [42] in  order to get the best weights. The output is 

the HS risk index as indicated in  Figure 2 and evaluated 

as shown in Figure 5. 

IV. Case Study  

Within 3 months we observed the workstations in 

two build ings, a total of 91 workstations and 

interviewed  91 employees working on these 

workstations. The pre-test of the checklist with 

employees showed that the time for answering the 

questions took 59-60 minutes. Unclear questions were 

found and improved. On Table 3 are presented the 

summarized some results of this study. With red color 

are presented checklist dimensions with extreme HS 

risk for which relevant corrective measures for reducing 

HS risk to acceptable level should be proposed. 

Table 3: Workstations studied and their aggregated values for different checklist dimensions and total risk assessments 
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For illustration and validation o f this study data was 

collected and analysed using the NSCS algorithm. The 

algorithm was implemented in  MATLAB. Each 

solution xi, i = {1, 2, ..., n}, and d = 9 represents the 

checklist dimensions (network weights) wi or solutions, 

that is, the number of optimization parameters.  

Figure 6 shows the run of the NSCS algorithm 

displaying the RMSE train ing error. The init ial 

convergence was at first to local minima but the 

algorithm was able to escape these locally optimal 

points and converge towards the global optimum. This 

was achieved after roughly 1520 iterations.  

 

Fig. 6: NSCS RMSE error per epoch 

 

On Table 4 is shown dimensions/questions  weights 

for the most indicative health hazards for the company. 

Here the highest weight value is one and the lowest 

value is zero. Dimension nine (D9 - satisfaction) was 

used as targets for training. The weights from training 

were used to calculate the IHS risk for all employees.  

Table 4: Most significant health hazards 

Q uestions/Dimensions W i 

Q4 0.0004 

D1 0.0016 

Q40 0.0105 

Q28 0.0125 

Q45 0.0200 

D7 0.0280 

Q3 0.0312 

Q41 0.0327 

Q12 0.0363 

Q7 0.0381 

D2 0.0408 

Q27 0.0424 

Hours’ work 0.0453 

Q35 0.0443 

 

At the beginning of each employee record a bar chart  

summarizing workstation related health  risks for 8 

dimensions is given, together with the employee 

dissatisfaction and total health risk is (cf. Figure 7). 

Further for each workstation the study results are 

summarized in  a table. Relevant correct ive measures for 

reducing the HS risk are proposed. In the first column 

are given the numbers of questions discussed. In the 

third column is given the HS risk in the scale [0,100] 

for the checklist item with highest risk value in this 

group.  

 

Fig. 7: Sample bar chart visualizing workstation related HS risks 

 

In the following the data gathered from 91 

workstations and employees working on these 

workstations are assessed and the HS risks determined. 

Here the highest value for HS risk is 5 and the lowest 

value is 1. The highest HS risk for all workstations is 

connected with keyboard (Q21=4.4) and monitor 

(Q12=4.3), fo llowed by training to setup workstation 

(Q11=4.02), using mouse (Q23=3.9) and wristrest 

(Q33=3.9); chair (Q27=3.8). 

 

V. Conclusions 

A study for HS (Health and Safety) employee 

indicators in a company is developed. Its checklist 

contains 50 items. A Neural-Swarm Cuckoo Search 

algorithm trains employee checklist dimensions and 

questions weights. The calculation of indiv idual 

employee HS risk indices IHSs based of these weights 

enables the classificat ion of employees into four 

categories: low, medium, high and extreme HS risk 

levels. Employees with extreme and high indices are 

immediately attended to by the purchasing of/ re-

arrangement of equipment at their workstation. Further 

low-cost measures for reducing their HS risk are 

recommended.  

The advantages of evaluation approach are: (1) 

significantly reduces the time and errors for HS 

evaluation; (2) applies modern mathematical model the 

neural-swarm cuckoo search algorithm for quantitative 

HS risk assessment; (3) reduces the load on the 

evaluating team when dealing with large companies 

having many employees by screening out employees 

with low and moderate IHS risk; (4) makes companies 

precisely formulate their strategies to redesign and 

improve their departmental workstations for employees; 

(5) higher employee satisfaction resulting in increased 

company profit. 
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