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Abstract. This article presents a macroergonomic intervention carried out in a small footwear components company located in 
the state of Rio Grande do Sul, Brazil. The company´s demand was related to the waste of the expensive raw-material (ther-
moplastic polyurethane or TPU) used to manufacture the components (high heels pegs). According to the managerial staff, the 
waste was workers responsibility due to the craft characteristic of the process. A participative method was used to evaluate the 
problems, propose and implement solutions, as well as evaluate their impact on the workers and the Company. Improvements 
in the work conditions resulted in increase of workers’ satisfaction with the work and in 31.5% waste reduction.  
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1.  Introduction 

The Industrial Revolution is the landmark of the 
substitution of the craft system by new production 
models (i.e., Fordism, Toyotism, Volvism) when 
manual tools and the guild production organization 
model were replaced by machines and manufacturing 
in large scale. Although industrialization generated 
job opportunities and a variety of products to fulfill 
needs and wants of a growing population, it impacts 
“…on the natural resource base of civilization 
through the entire cycle of raw materials exploration 
and extraction, transformation into products, energy 
consumption, waste generation, and the use and dis-
posal of products by consumers. These impacts may 
be positive, enhancing the quality of a resource or 
extending its uses. Or they may be negative, as a re-

sult of process and product pollution and of depletion 
or degradation of resources” [4].  

Fordism, which started in the beginning of the 
20th century in the USA aims to producing a maxi-
mum in a minimum amount of time, product quality 
being solely evaluated by sampling a few items in 
large batches of products. Defects were not a concern 
since large amounts of low quality products were 
sold at low price. The human costs involved were 
also not a concern since there was unskilled work-
force to accept low wages to work in a fragmented, 
poor work system that is physically and mentally 
harmful [7,11-12]. This system was the benchmark 
until 1960-1970 when was replaced by Toyotism. 
The Japanese Toyota Production System (TPS) [19-
20], also known as Lean production, besides work 
organization changes in relation to Fordism (e.g. sub-
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stitution of the linear system with an unskilled 
worker fixed in one workstation by a cellular model 
composed by trained workers) defends the idea that 
any waste is a production loss and therefore, a cost, 
and should be eliminated in order to add more value 
to a product and make it more competitive in the 
market. Ohno [20] defined seven wastes to be elimi-
nated: Transportation, Inventory (in the form of raw 
materials, work-in-progress -WIP or finished goods), 
Motion, Waiting, Over-processing, Over-production 
and Defects. As in Fordism, Lean production does 
not take into account the human or ergonomic costs, 
on the contrary, the system is know to exhaust the 
workers up to death (known as karoshi or death from 
over work) [14]. Also, the wastes do not consider the 
environment, since at the time the system was devel-
oped there was no awareness of the negative envi-
ronmental impact of production systems that do not 
consider the conscious use of raw materials and/or 
cleaner and safer processes. Only in the 1990’s the 
Japanese Committee for Design for Environment 
(DfE) has forced the Japanese companies to consider 
environmental issues in their processes and products 
[18]. 

Volvism, as applied from 1970 to 1990 in the Vol-
vo’s plants at Kalmar and Udevalla, Sweden, was 
developed considering ergonomics [5] but also did 
not take environmental issues into account. Work 
organization in the so-called socio-technical model 
was done by semi-autonomous teams in charge of the 
quality of both production and product. The plants 
were designed to avoid material handling and the 
adoption of awkward postures. 

Although international awareness of the impact of 
industrial development goes back to the 1970’s [21- 
23], the early 1990’s is the landmark of the environ-
mental consciousness. Many laws in many countries 
(e.g. Resource Conservation and Recovery Act of 
1976 [8], in the USA; Brazilian Environmental Law 
6938 in 1981 [3]; Consolidated versions of the Treaty 
on European Union [9]) forced the companies to start 
adjusting their processes and products, by reducing 
waste generation, residuals or effluents during the 
production process or treating them before disposal. 
In Brazil, most companies attempt to comply with 
legislation not eliminating residuals at source but 
treating them at the end of the process. This type of 
solution, known as end-of-pipe, is not efficient since 
it uses resources to treat something that should not be 
generated. Residuals can be seen as resources or raw-
materials that did not end up as a product, are often 
toxic and a risk to both human and environment 
health and safety, and are a cost for the company 

since do not generate profit. Considering that residu-
als and effluents treatment is often pricy, they are a 
waste for the production chain [1].  

The companies often hire external consultants to 
help them comply with legislation and do not take 
advantage of their internal human resources that 
probably know more about their own company’s 
problems. Both ergonomic and environmental prob-
lems should be analyzed under a broader, more sys-
temic approach, since the outcomes at the end of the 
process are just a reflexion of problems in the process 
as a whole.   

This article presents an eight months study for 
work design improvement and raw materials waste 
reduction in a small footwear components company 
in the town of Campo Bom, state of Rio Grande do 
Sul, Brazil. The company understood that the high 
costs involved in the waste of the expensive raw-
material (thermoplastic polyurethane or TPU) used in 
the manufacturing of the components (high heels 
pegs) were a result of lack of skills of the workers, 
since manufacturing was more of a craft than mass 
production. Participative ergonomics was used to 
highlight the problems and propose solutions for im-
proving the system.  

2. Method 

Work analysis was done based on the participatory 
method Macroergonomic Work Analysis (MA) [15], 
which identifies the problems from the point of view 
of both workers and ergonomists, in order to propose 
and implement solutions for system’s improvements.  

MA comprises the same stages of most ergonomic 
methods: 1) appraisal; 2) diagnosis; 3) proposal of 
solutions; and 4) validation, adding a stage zero 
(named intervention launching) and gates between 
each stage in order to engage workers and managerial 
staff in the intervention process.  

The study followed stages 0 to 3 during an eight 
months period, from May to December 2009. At the 
end of the project, after implementation of some pro-
posals, stage 4 assessed the outcomes of the interven-
tion.  

2.1 Stage 0: Project launching 

Seventy people (60% of the total Company’s em-
ployees) participated in this stage of the project: the 
director, industrial manager, and 68 workers from the 
production sector (the ones in charge of allocating 
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the rosettes, the ones that prepare the mixture, the 
others who pour out the mixture in the trays and the 
revisers), from the production support sector (expedi-
tion, maintenance) and from the administrative sector 
(sale, buyer, financing). 72.6% of the employees are 
men, 60.3% are in the day shift and 85.5% has less 
than 1 year of experience in the Company.  

2.2 Stage 1: Appraisal 

In MA, ergonomic appraisal is done with the direct 
workers’ participation as well as the ergonomist’s 
evaluation.  Workers’ demands are elicited following 
the Macroergonomic Design tool or MD [10,16], 
which proposes open interviews with a sample popu-
lation (usually 30%) to build questionnaires to be 
answered by the whole population. Forty-eight work-
ers (from production, production support, administra-
tion and direction) participated in the interviews 
process, which were either done individually or in 
groups of up to five people according to workers’ 
decision. The open interviews start with a single an-
swer: “Tell me about your work”. The answers (of a 
qualitative nature) are then evaluated and the ergo-
nomic demand items (EDIs) that are more empha-
sized are used to build a questionnaire (of a quantita-
tive nature), which also includes questions formu-
lated by the ergonomists. The questions are organ-
ized in five constructs: environmental conditions, 
workstation, work organization, work content, the 
Company. Questions about what was the reason for 
the production waste and what to do to reduce it were 
also incorporated in the questionnaires The opinion 
of each worker with respect to each of the IDEs of 
the questionnaire is measured by means of a mark on 
a continuous 15 cm long assessment scale [13] there-
fore the intensity of each response varies between 0 
(unsatisfied/ not at all) and 15 (satisfied/very much). 

The questionnaires, responded by 72 workers 
(95% of the population), showed good internal con-
sistency by Cronbach's alpha statistics [17] (alpha= 
0.71 >0.55) but did not show normality by Kolm-
gorov-Smirnov test. Therefore, the nonparametric 
Mann-Whitney U test was used to compare de results 
from the two shifts at a 95% confidence level. 

The results were discussed with the Company’s 
employees (second gate meeting) to make sure the 
results reflect the reality and also get more feedback 
for the next stage of diagnosis. 

2.3 Diagnosis 

In the diagnosis stage, the ergonomists evaluate 
the results obtained in the appraisal stage and, also 
based on the literature, develop alternative solutions 
to be discussed in a third gate meeting. Discussions 
of the diagnosis results with the managerial and non-
managerial staff lead to the raise and implementation 
of proposals for improving the work conditions and 
reducing raw material waste. 

2.4 Proposal of solutions 

Proposal of solutions for the ergonomic problems 
were developed based on the diagnosis. The solutions 
for waste minimization were mainly based on the 
answers from the following questions formulated in 
the interviews and questionnaires:  
1) What should be done with the wastes? 
2) What should be done with the profits obtained by 
waste reduction? 

The proposals were presented and discussed with 
48 workers in groups of up to 5 people (third gate 
meeting).  

3. Results 

3.1 Stage 1: Appraisal 

The Company is new (opened in 2002), employees 
90 people (therefore being classified as small) in the 
manufacturing of 25,000 high heel pegs/day, in ther-
moplastic polyurethane (TPU). The production is 
done in two shifts, 46 workers in the day shift, from 
05:50 AM to 03:50 PM, and 26 workers in the eve-
ning shift, from 04:00 PM to 12:40 AM. 

The work consists of allocating very small rosettes 
(a metal piece that is the structure of the peg) in a 
mould tray, the number of rosettes varying according 
to the production order. The mould trays are heated 
for some time (not specified) in domestic ovens, and 
then taken from the oven, for temperature check. In 
the case it is below 55°C, the mould tray is heated 
again with a blowtorch until the temperature reaches 
70°C. In the case it is over heated (i.e., the tempera-
ture is above 70°C), the temperature is reduced with 
sprays of cold air. 

While the mould trays’ temperature is being ad-
justed, another worker prepares the amount of mate-
rial according to the number of rosettes. Material is a 
mixture of moca, TPU and dye, prepared with no 
prescription. In the case the mixture is not correct 
(i.e., the color is different from the one requested by 
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the buyer) it is thrown away. If it is correct, the 
mould tray is filled with it, and a ruler is used to 
eliminate the excess of material (that is also thrown 
away). The filled mould tray is heated with a blow-
torch to remove eventual air bubbles. Then, the 
mould tray stays in a heater for 30 minutes, when it is 
removed for color checking. In the case it matches 
the order, the pegs are submitted to revision and 
cleaning by another worker.  If the color does not 
match the specifications, or if there are bubbles, the 
pegs are thrown away. What cannot be cleaned in the 
Company is sent to ateliers (outsourcing familiar 
“companies”) for new revision, and again, what can-
not be repaired is thrown away.  

Besides these wastes, there is also material waste 
when the order does not specify the exact number of 
pegs (or specifies the wrong number of pegs) to be 
produced, the over-production becoming waste. 

The most frequent EDIs identified through the in-
terviews were related to the high temperature in the 
sector; the fact that the production sector is not sepa-
rated from the other sectors; they complained about 
people circulating in the sector because this disturb 
the work; the work organization of the type “one 
worker/one small task/one workstation”; lack of 
training; and lack of process prescription to be fol-
lowed in order to produce the different components.  
Tables 1, 2 and 3 display, respectively, the results of 
the questionnaires in relation to the satisfaction with 
the IDEs related to the work environ-
ment/workstation, with the work organization, and 
the workers perception about the work content.  

The workers in both shifts are unsatisfied with the 
temperature of the environment, the number and 
quality of booths for molding the TPU pegs and their 
temperature control system. All others EDIs are 
above the mean satisfaction level. There is statistic 
difference between the mean satisfaction with the 
uniform (p=0.013) and training (p=0.015), the eve-
ning shift being more satisfied with both EDIs. The 
higher satisfaction with the uniform can be explained 
by the fact that there is less heat in the evening, so 
the heavy and artificial uniform is not so uncomfort-
able.  

They understand that their work involves high re-
sponsibility, is stimulating, dynamic and not mo-
notonous, although repetitive. Although physical 
effort is low, mental effort is high and they feel very 
tired at the end of the journey. Workers do not feel 
pressured by the supervisors and managers and like 
the work, mainly because the Company is new and 
they foresee the growth of the Company they feel 
part of. Besides, having a job is very important, con-

sidering the high level of lay-offs in mass in the 
shoe-manufacturing sector of Rio Grande do Sul. The 
sector is highly dependent on the oscillations of the 
international market, and Brazil is loosing market for 
the lower priced Chinese shoes. Mann-Whitney U 
test showed significant difference between the results 
from the two shifts, the evening shift considering the 
work more creative (p=0.013).  

Table 1 

 Questionnaire’s results of the EDIs related to the work Environ-
ment and Workstation. Scale varies from 0 (unsatisfied) to 15 
(very satisfied) 

 

Table 2 

Questionnaire’s results of the EDIs related to the work organiza-
tion. Scale varies from 0 (unsatisfied) to 15 (very satisfied) 

 

Table 3 

Questionnaire’s results of the workers opinion about the work 
content. Scale varies from 0 (not at all) to 15 (very much) 

 

EDI Day Even Mean 
Quality and number of booths  6.19 5.51 5.94 
Temperature of the environment 7.68 6.32 7.20 
Foreign people in the sector 7.70 7.93 7.78 
Noise of the work environment 7.82 8.32 8.00 
Temperature of the trays 6.86 7.57 7.11 
Quality of the masks 8.85 9.20 8.97 
Quality of the tools/equipment’s 9.46 8.66 9.18 
Quality of the uniform 8.07 11.51 9.33 
Localization of the sector  9.81 10.05 9.90 
Quality of the gloves 11.01 8.31 10.02 
Illuminance of the environment 12.05 9.97 11.32 

EDI Day Even Mean 
Production planning  9.03 9.06 9.04 
Number of different tasks performed 10.21 9.14 9.82 
Training 9.27 11.17 9.96 
Number of workers to do the work 11.78 9.75 11.09 

EDI Day Even Mean 
Monotonous 1.82 5.05 2.94 
Psychological pressure 3.25 4.77 3.81 
Physical effort 4.12 7.22 5.23 
Stressful 5.33 5.54 5.41 
Limited 5.53 9.01 6.76 
Mental effort 7.79 8.55 8.06 
Crrative 7.61 11.23 8.88 
Feels valued 9.63 8.98 9.39 
Has autonomy 9.84 9.29 9.64 
Dynamic 9.72 9.53 9.65 
Estimulating 9.74 9.80 9.76 
Repetitive 9.89 11.89 10.62 
Likes the work   12.72 13.19 12.89 
Responsibility 12.52 13.95 13.04 
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Table 4 

Workers opinion about the factors that contribute to waste. Scale 
varies from 0 (not at all) to 15 (very much) 

 
 

The results in Table 4 show that waste is 
due to lack of work prescription that leads to prob-
lems with the mixture and over-production. The 
workers are aware of the waste and are committed to 
reduce it. There is no statistic difference between 
shifts for the questions related to waste production.  

3.2 Stage 2: Diagnosis  

Physical environment needs improvement in rela-
tion to the temperature, which is hot in the summer 
and cold in the winter. According to Climatempo [6], 
Campo Bom is the hottest city in the state of Rio 
Grande do Sul, reaching 45ºC in summer and 13ºC in 
winter. Besides, the sector has extra heat from the 
ovens and heaters, the temperature in the sector being 
always above 25ºC WBGT, what exceeds the limit of 
25ºC for continuous work as stipulated by Annex 3 
of Brazilian norm NR15 [2]. Noise is a result of lack 
of layout organization and too many people circulat-
ing in the production sector.  

Although the uniform was not evaluated nega-
tively, attention should be paid to it because it is 
made of synthetic material that does not allow for 
proper transpiration, it is heavy, does not favor mo-
bility and some tasks demand the use of a heavy 
leather apron. The workstations and equipments are 
old and inadequate.  

There is waste of mixture because different sizes 
(height and diameter) of preparing cups are used de-
pending on the amount of mixture, and the domestic 
ovens do not allow for standardized temperature of 
the molding trays. The layout does not favor the 
process flow, on the contrary, three are too many 
interruptions due to people bumping each other in a 
small space and too many people in the sector 

The most important problem was the lack of 
knowledge about the process as a whole and the lack 

of prescriptions for the many different types of pegs 
they make. Without the prescriptions, the workers 
have to decide what to do without knowledge of the 
process, therefore being necessary to redue work by 
trial and error. Although the production process was 
more of a craft than mass production, work was or-
ganized according to Fordism, each worker acting in 
a small part of the process. Besides the repetitive 
nature of this type of production system, that fixes 
the worker in only one workstation, with no horizon-
tal communication and no tacit knowledge share. 
With no learning from experience and a prescription, 
workers do not improve their performance, do not 
feel responsible for the production quality, and over-
all dissatisfaction and waste are the most common 
outputs. 

The cost of a peg varies from U$ 0,11 to 0,20 be-
cause it depends on the type of peg and, consequently, 
the amount of mixture used+the rosette. The cost of a 
peg weighting in average 2,5 grams is about U$0,15 
therefore 1kg of waste costs U$60 for the Company.  

4. Proposal of solutions   

4.1 From the workers’ point of view 

1) What should be done to minimize the wastes? 
The workers proposed to set up the prescriptions 

for the pegs manufacturing on an electronic display, 
stating the amount of raw material needed for a given 
quantity of pegs, the type of cup to be used, and the 
oven temperature. They also suggested that the ovens 
should have temperature control, that color test 
should be made in a sample before manufacturing, 
and that the waste should be evaluated at each stage 
of the process in order to identify and solve the waste 
generation throughout the process.  

2) What should be done with the profits obtained 
by waste reduction? 

The workers know that waste is a cost, that the 
proposed solutions might minimize the wastes and 
understand that the profit should be shared with all 
employees and also be used to raise the salaries, to 
provide food baskets, to reward the prominent sector 
and to invest in the Company.  

4.2 From the ergonomists’ point of view 

The unfavorable conditions of physical environ-
ment (high level of heat), workstation (old and/or 
inadequate equipments), work design (individual 

EDI Day Even Mean 
Order delay 4.20 4.44 4.28 
Rosette 4.12 5.94 4.77 
Quality of the cleanning cloths 5.46 5.60 5.51 
Quality  of the de-moulding 4.94 6.75 5.61 
Material stocked at the expedition  5.36 6.42 5.73 
Work done by the Ateliers 7.87 7.97 7.91 
Temperature of the trays 7.30 9.67 8.15 
Problems with the mixture color 8.10 8.48 8.24 
Make the exact quantity of mixture 8.82 7.88 8.48 
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work, lack of prescriptions and training) and work content (high level of repetitiveness of the tasks) as  
well as issues related to the Company (lack of con-
sideration to the workers quality of work and life) 
were the main reasons for the waste and overall dis-
satisfaction of the workers.  

Although the Company understood that wastes are 
due to the workers lack of skills, they should not be 
blamed for it since there is no training and prescrip-
tions and they do not know the whole process. Work 
design and workstations/equipments unfavorable 
conditions also add to make the work more difficult. 
The following were the propositions made by the 
ergonomists and the workers for work enhancement: 
1) Change of layout for optimizing spatial distribu-
tion and the positioning of the various elements that 
conform the work space in order to enhance work 
and minimize four of the seven wastes related to lay-
out: movement, waiting, over processing and trans-
portation. The layout proposal was done with the 
collaboration of the workers who were invited to 
draw the “ideal” layout. The meetings happened once 
a week, for two months until they came to an agree-
ment;  
2) Improvement of the workstations and equipments; 
3) Substitution of the domestic ovens by industrial 
ones. This was important for temperature standardi-
zation and elimination of the need to use the blow-
torch, therefore avoiding accidents;  
4) Increase of the number and quality of booths to 
reduce waiting time for an available one. Booths with 
better exhausting system improve air quality;  
5) Improvement of the physical environment, mainly 
temperature and ventilation;  
6) Change of the uniform, substituting the synthetic 
pants and shirts for cotton ones.  
7) Work design improvement, by changing the tradi-
tional system to the socio-technical (multifunctional 
teamwork) one, incorporation of training, prescrip-
tions for production of the different pegs, and making 
explicit the real work, in a notebook, to be shared by 
all workers. 
8) In relation to waste reduction, Table 5 presents a 
summary of the problems as classified according to 
[20] to which was added an eight waste, the ergo-
nomic one, and the solutions proposed. The Com-
pany did not know the amount of waste generated by 
each part of the process, therefore, another sugges-
tion was the evaluation of the origin and type of 
waste (i.e., excess use of material, wrong mixture, 
defective pegs, etc) in order to better improve the 
system.  

Table 6 shows the wastes generated in production 
and in the samples for months May and December 

2009. It can be assumed that there is no difference in 
the wastes generated by the shifts and also no differ-
ence in the waste generated in the samples. However, 
the percentage of production waste is higher in May 
(when the project started) in comparison with De-
cember, when production waste reduced from 26.6% 
to 19.3% in the day shift, and from 27.2% to 16.5% 
in the evening shift after the improvements made in 
the layout, in the workstations/equipment, and the 
new ovens. Besides the savings of U$7,239/month (a 
31.5% saving) with waste reduction, the workers 
commented that they got more satisfied with the 
work after the improvements implemented until De-
cember. 

5. Conclusions 

This article presented an ergonomic intervention in 
a small TPU high heels pegs manufacturing Com-
pany situated in the state of Rio Grande do Sul, Bra-
zil. The demand was originated by the Company, 
worried about the high cost of the production waste, 
which it understood was responsibility of the un-
skilled workforce.  

Using participative ergonomics, the problems were 
identified and solutions were proposed and imple-
mented. Quality of the environment and workstation 
was improved, basic rules for the use of raw material 
and production of the components were developed 
and a capacitation course was offered for the staff. 
The traditional Ford work design model was replaced 
by the socio-technical (multifunctional teamwork) 
one which gave more autonomy and responsibility 
for the workers to control the quality of both process 
and products. At the end of the project, the workers 
got more involved in their work, got the feeling of 
being an important part of the company and the waste 
decreased generating savings of about 31.5%. The 
profit was shared among all Company’s employees, 
as proposed by the workers. It is expected that both 
work conditions and waste reduction improve after 
all proposed solutions are implemented.  

The study showed that workers understand their 
jobs and are able to propose solutions that increase 
the quality of work, reduce costs and increase pro-
ductivity. Companies should value their workers in 
order to improve the overall working conditions, 
which lead to better quality of life and production 
outcomes.
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Table 5 

Summary of the problems and the proposed solutions for minimizing negative ergonomic outcomes and production wastes 

Type of waste  Proposal of solutions Improvements 
1 Over-production With the production order, a label is 

attached to the mould trays in order to 
inform the peg model and quantity to 
be produced  

Production follows the exact specification of quantity of pegs or-
dered by the client  
 

2 Transportation Change in layout Change in layout reduced unnecessary movements and ended the 
bumps that lead to materials and equipments dropping as well as 
accidents  

Substitution of domestic ovens for 
industrial ones 

mould trays Temperature were standardized, eliminating over or 
under heating.  The elimination of torch eliminated a source of acci-
dents  

More cleaning booths 
 

 With the increase in the number of available booths, cleaning could 
be made with no bumps and waiting. 

3 Over-processing 

Better exhausts  With better exhausts, there is no need to change the masks since 
emissions are efficiently collected and launched  

Mixture prescription for color stan-
dardization  

The prescriptions detail the amount of material, size and diameter of 
the mixture cups  

Standardization of mould trays tem-
perature to avoid bubbles  

The substitution of domestic ovens for industrial ones made it possi-
ble to standardize the mixture temperature, eliminating the bubbles 

4 Defects 

Substitution of the traditional work 
design by the socio-technical model 
(multifunctional teamwork) 

In a socio-technical production system workers act in the whole 
process and are responsible for the quality of both production and 
process. Therefore, defects are deduced. 

5 Motion Change in layout and work design The work being done in teams in a better layout reduced unneces-
sary motion, waste of time, use of material and defective products 

6 Inventory With the production order, a label is 
attached to the mould trays in order to 
inform the rosettes model and quantity 
to be used  

Because only the exact number of pegs, as specified in the order, is 
produced, there is no increase in the inventory  

Substitution of domestic ovens for 
industrial ones 

Standardization of mould trays temperature, avoided the waiting 
time for cooling and heating mould trays 

More cleaning booths 
 

The increase in the number of booths reduced the waiting time for 
having available booths 

Production synchronization. Production 
started in the morning and after lunch 
with 30 minutes delay due to the need 
to wait for the pegs in the heater  

Synchronization was done by letting part of the workers start 40 
minutes earlier in order to allow for the other workers have products 
to produce when journey starts.  

Substitution of the traditional work 
design by the socio-technical model 
(multifunctional teamwork) 

When work is done in teams of multifunctional workers responsible 
for all tasks of the process there is no need for one worker to wait 
for the other to finish a previous task in order to start his/her task 

7 Waiting 

Reduce production flaws. If the mixture 
color is wrong, it is necessary to wait 
up to 20 minutes, with no other task to 
be carried out 

The prescriptions avoid producing the wrong color 

Reduce the high environmental tem-
perature, which generates fatigue and 
adds to low productivity and lack of 
attention  

The opening of windows in the pavilion and installation of air con-
ditioners brought temperature to comfort level  

Inappropriate layout generates unnec-
essary movements, physical load and 
fatigue  

Change in layout reduced the unnecessary movements, physical load 
and fatigue  
 

8 Ergonomics (not 
mentioned by Ohno, 
1988) 

Eliminate the adoption of awkward 
postures which generate fatigue and 
WMSD 

Improvement in the workstations made work easier, the sitting and 
standing position reducing the risks  
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Substitution of the traditional work 
design by the socio-technical model 
(multifunctional teamwork) 

The socio-technical model allows the multifunctional workers per-
forming in teams to share knowledge, be partners and get more 
involved and committed to the work. This increases satisfaction and 
reduces WMSD, illnesses and accidents risks 

 
 
 

Table 6 

Generation of waste in the samples and production of pegs in May and December 2009. Values are in kg; % relates to percentage of waste in 
relation to the total production. 

                         May  December     Considering May        
production  volume 

  Volume % Waste Waste kg Waste U$    % Waste Waste kg Waste U$ 
Day 701,677 26.60 186,646 10,669 19.30 135,424 7,741 Production Evening 714,279 27.20 194,284 11,106 16.50 117,856 6,737 
Day  32,558 28.62    9,318      533 32.97  10,734    614 Sample Evening 37,063 30.61  11,345     649 29.51  10,937    625 

 Total    1,485,577  401,593 22,957  274,951    15,717 
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