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ABSTRACT

The Faculty of chemical sciences and engineering form the Morelos University in México, has developed a tool
called “QOC Matrix - the worker’s voice”. It is based on the logics of QOC (Questions, Options and Criterion), 6’s
philosophy, ISO International Standers about Ergonomic guiding principles, National Institute for Occupational
Safety and Health — USA publications, among others. Quality concepts like the Voice of Customer VOC (activity to
meet the customer’s requirements), are used to obtain “The worker’s voice”, that will be used in the decision-
making process about the design or redesign their workstation. The results obtained from the matrix have the
objective to define if the workstations meet standards about cleanliness, organization and safety. Also, identify, the
waste of “Talent” (underestimating as the creativity and intelligence of the workforce). All these having as a goal:
“to create formal means to add value to the voice of the worker to express quality of working life that they want and
need”.
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INTRODUCTION

Mexico is one of the most important Emerging Markets in Latin America, second only to Brazil. The foreign
industrial firms are located in the north of the country normally. These corporations have a business structure that
allow them invest in safety and health issues indiscriminately. However, at the same time there are numerous of
medium and small Mexican and international companies spread in all the country, that supply goods and raw
materials to the large corporations, creating an invaluable supply chain that provides job to many people in Mexico.
Unfortunately, these medium and small companies are trying to survive in a very competitive market and, they do
not have enough economic resources to invest in safety and health. As a result of this, 316,271 occupational
accidents and 4,853 occupational diseases were reported (STPS, 2013) in 2012 by the Secretaria del Trabajo y
Prevision Social — STPS (Ministry of labor and Social Security). The Figure 1 shows the behavior of these issues for
the last 10 years. The data comportment, indicate, there is no control about the working conditions inside the
facilities for people whose work there. And the government has implemented a deficient regulation about that.
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Figure 1. Occupational accidents and diseases reported by the Ministry of labor and Social Security
from Mexico. (STPS, 2013)

At present, the legislation that can help to correct this health problem is poor and obsolete, compared to international
standards. The Table 1, contains the national rules in place related with work design and environment control.
Unfortunately they have not been updated, and contain incomplete ergonomic information.

Table 1: Mexican Official Standards issued by the Ministry of Labor and Social Security (STPS, 2013)

Mexican Official Standards issued by the
Ministry of Labor and Social Security

NOM-004-STPS-1999
NOM-006-STPS-2000
NOM-007-STPS-2000
NOM-080-STPS-2001
NOM-011-STPS-2001
NOM-025-STPS-2008

According with Stephen Pheasant “Ergonomics is the science of work: of the people who do it, and the ways it is
done; the tools and equipment they use, the places they working, and the psychosocial aspects of the working
situation” (Pheasant, 2003). Thus, if Mexico wants, prevent occupational accidents and diseases efficiently it is
necessary implement better polices to monitoring the working conditions. On the other hand, employers have not
taken into account, the cost of lack safety. The productivity losses regarding incidents and disabilities are usually
unknown. Fortunately, they can be identified, controlled and eliminated by the application of ergonomic
considerations in the design of work and workplaces (T6rnstrom, 2008).

Therefore, it is in this context, the Faculty of chemical sciences and engineering form the Morelos University in
México, has developed a tool called “QOC Matrix - the worker’s voice”. It is based on the logics of QOC
(Questions, Options and Criterion), 6’s philosophy, ISO International Standers about Ergonomic guiding principles,
National Institute for Occupational Safety and Health — USA publications, among others. Quality concepts like the
Voice of Customer VOC (activity to meet the customer’s requirements), are used to obtain “The worker’s voice”,
that will be used in the decision-making process about the design or redesign their workstation. The results
obtained from the matrix have the objective to define if the workstations meet standards about cleanliness,
organization and safety. Also, identify, the waste of “Talent” (underestimating as the creativity and intelligence of
the workforce). All these having as a goal: “to create formal means to add value to the voice of the worker to
express quality of working life that they want and need”.

The work in this paper focuses in the building of The QOC Matrix - the worker’s voice, it use and validation in real
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industrial environment.

DEVELOPING THE QOC MATRIX - THE WORKER'S VOICE.

QOC notation

The QOC notation is a Design Rationale representation for design artifacts which consist in two concepts: design
space and evaluation space. The first one established the question design and its options (potential answers to the
question), and the second define the “Criteria” the requirements for the final artefact (MacLean A. et. al 1989).
Dutoit and Paech (Dutoit A. and Paech B., 2000) established the QOC notation. It represents the design rationale as
arguments structured in rhetorical steps. Where: questions represent problems to be solved, such as a design issue,
options represent considered alternatives for answering a question, criteria represent the qualities that are used to
evaluate options in a certain context.

The QOC matrix

Decision Support Systems (DSS) is an interactive computer-based system that help people use computer
communications, data, documents, knowledge and models to solve problems and make decisions (Power, 2002). In
the same way the QOC matrix help people use ergonomic information to solve problems and make decisions to
design of work and workplaces. Based on international and national ergonomic standard, we use the QOC
methodology to design the matrix content, where: a) Questions were performed looking for information about the
work: of the people who do it, and the ways it is done. b) Options are a categorization of the risk about the way the
work is done. In this section, the worker’s voice is stored. c) National and International standards related with the
work design are used to evaluate the options. The Figure 2 shows the general design for the QOC Matrix.

Worker
-Safely
~Excalant Slight Risk Yes Mathematical
] .Egﬁsir -Normal Risk - Not
-Bgad -Elevated Risk Entirely Pareta Diagram
Terrible -Hightly Elevated -No
About who do Risk
it the work and
the ways itis Psychosocial Aspects
done?
Analyst -Mativation of workers
— -Retention of workers
-Safely - Job satisfaction
L -Slight Risk — -Reliability
-Normal Risk
-Elevated Risk
-Hightly Elevated Risk

Figure 2. General design for the QOC Matrix.

The options are evaluations about the workspace, work conditions, work procedures, and work environment. This
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assessment takes place in two stages. First, the workers take the opportunity to assess their working area and provide
ideas about how it can be redesigned. Secondly, a specialized analyst evaluates the area and links the ideas proposed
by the worker with the national and international standards. It is important define, that the analyst cannot change the
worker assessment done.

Building the QOC matrix

The first important decision about building the QOC matrix was to define, the environment that should be it
developed. We analyzed several alternatives; the important matter was “the more easily to handle better”. After a
quickly analysis, we define developed it in an Excel Sheet. The table 2, illustrates part of this making decision. The
objective was built a tool that helps people to use ergonomic information to solve problems and make decisions in
the design or redesign of work and workplaces freedom of accidents and potential safety risk. The QOC matrix - the
worker’s voice (English version) achieved is showed in the figure 4.

Table 2: Making decision on environment QOC matrix.

Questions Options Criteria
Access + Save information in tables
» Make inquiries
Is it necessary developing » Do not process data
software? Microsoft Excel * Processes data in tables
or » The most common in Mexico
Should we use commercial * Included in the package office
software to develop the matrix? + Easy to handle
Open Office Calc * Processes data in tables

* Not used in Mexico
 Free Software

10S Numbers * Processes data in tables
» Expensive and unusual
C++ or Java * Requires a skilled programmer

« Can cause faults during installation
* Requires additional training for the user.

The tool developed is a book contained four excel tabs, ordered as follow: Analyst, worker, matrix and Pareto. The
first tree tabs, enclosed the same questions for analysis, but the purpose is different for each one. The tabs called
Analyst and worker are used as evaluation instrument. In Mexico the workforce is people whose has basic studies in
the best case, thus it is difficult training them in ergonomics issues. Is for that reason the survey applied them are
focused in their filings, complaints and motivations. Therefore, their evaluation answer is regards comfort sensation
during the performance of their task. Accordingly, it is the moment when we get the “worker’s voice”, and now it
represents the client requirements. The survey is applied to all workers in the area; we do not select people based in
their skills.

On the other side, the specialized analyst, is a person whose knows about ergonomics and has to evaluate the work
and the workstation with the objective to find the ergonomic risk associated with the “worker’s voice”. The results
of the both evaluations are gathering in tab called matrix, see figure 3. Finally, a Pareto chart is generated
automatically, with data obtained from the results stored in the matrix of results. This chart, allow us identify the
main problem defined by the assessment. Now, we have identified the vital few ergonomic problems.
Consequently, the ergonomic intervention will be focused in resolve the first problem showed by the Pareto chart.

Assessment process

Social and Organizational Factors (2020)

https://openaccess.cms-conferences.org/#/publications/book/978-1-4951-2102-9



Applied Human Factors and Ergonomics International AH FE

International

The evaluation activity was based in the methodology developed by the Mexican Association of Safety and Health
(AMSH, 1996) where there are two points of view: the first one is the workers assessments who qualify the work
conditions of his/her task. In order to choose an option, the workers select the letter that represents their evaluation,
for example E for excellent or B for good (Bien). Each question and option is associated whit one color that
indicates the kind of answer expected, see in figure 4 (a). The second point of view is presented by the specialized
analyst who evaluates the risk of the task. The options that they have chosen are: Safety, slight risk, normal risk,
elevated risk and highly elevated risk and each one is associated with a number code. See figure 4 (b).
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1. Workspace

1 The physical size and shape of objects used allow
good grip and ease of use

2| The workspace maintains the optimum cleaning
conditions require the worker to their tasks

3] The workspace is fully adjustable according to the
needs and activities most demanding operator. (table,
chair, object scope)

4 The materials, tools and equipment are distributed in
an orderly manner, namely, there is a place assigned
for each object.

2. Physical activity in general

5| The operator has total freedom of movements, this
means that no limitation in your area, equipment or
work method.

6| Physical activity is completely determined by the
worker and the factors causing peak workload does
not happen

3. LIiing Objects

Considering that the "normal uprising" is between the
knuckies and shoulders, and the "low lift" is below the
knuckles, weight loading objects it creates stress

8| According to weight and distance, it is easy to lift the
load bodily

9| The organization of the work area facilitates lifting
objects

4. Postures at Work and Movement

10 Risk of stress for neck and shoulders

11| The demand for power in elbows and wrists keeps
12

13

tight

Postures during work creates stress in some area of
the Back

The posture or movements of hip and leg heaviness or
stress generates

5. Riskof acddents

14 The total lack of concentration at work can cause an
accident

15|
The conditions of the work area only requiire to be
cautious to avoid an accident, or otherwise, must
precisely follow the rules and safety measures

16 In case of accident in the workplace, thereis only the
risk of failure for a day, otherwise, prolonged or
permanent disability

6. Labour Content

17| The operator performs all the work, that is, plans,
implements, inspects and corrects the product or
result, or just perform a specific activity

18| The operator also develops activities related to repair
and material handling

7. Activity Restrictions

19 Thereis arisk that the activity is restricted by the
pace of work of a machine, process or operatorsthat
is, limits the freedom to choose how and when the
work will be done

8.~ lumination
20 According to the requirements of the activity, the
level of illumination this:

9.- Noise

10. Conmmumnication Workers and Personal Contact
22| There is special attention to facilitate communication
and contacts between the same workers and
superiors.

11. Dedsion Making

23 The operator is involved in decision making for the
work method to follow, this means that the voice of
the worker is taken into account

24 OTHER (use of excessive force, ambient
temperature, etc..) a

21 The noise level aeates ariskof stress 3 2 a

4 < » M| ANALYST ~Workers | Matrix . Pareto %2
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Figure 3. The QOC matrix - the worker’s voice (English version).
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Figure 4. Evaluation procedure.

VALIDATION OF THE QOC MATRIX - THE WORKER'S VOICE

The validation process of the QOC Matrix, was implemented in two medium companies from Morelos State,
Mexico. The first one is an auto parts manufacturing company. Therefore, we had the objective of confirm if the
questions proposed in the matrix are adequate for developed an ergonomic intervention. The results obtained after
apply the survey to 40 workers from ensemble area; indicate us that the questions were redundant and boring.
Hence, we reduce the number of questions and implementing a colloquial language that can understand by the
workers, making the survey more fluid and faster.

The second company is a producer of corrugated cardboard. In this company a total of 100 workers from three shifts
were interviewed. We validate the results obtained from Pareto charts. In first instance, the chart was built using data
summarized from each section in the matrix, but unfortunately each section has different number of questions, then
the section with more questions has always the highest result. We change the formula In order to correct this
situation. The chart obtained before is showed in the figure 5. The main problem identified is related with section 5
called “Risk of accidents” followed for section 4 “problems of work and movements”. The figure 6 shows the Pareto
charts after formula correction. Now, we have a smoothed chart, however the main problem is the same. Then the
ergonomic intervention has the objective to reduce the work accidents in the area.

CONCLUSIONS

The work in this paper is focused in the design and building of “The QOC Matrix - the worker’s voice”, an
ergonomic tool to help people use ergonomic information to solve problems and make decisions to design and
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redesign work and workplaces. The instrument designed is a book contained four excel tabs, ordered as follow:
Analyst, worker, matrix and Pareto. The result of the tab called worker is the identified as the “worker’s voice”. It
will be used as client ergonomics requirements. A Pareto chart is generated automatically using the assessment that
is stored in the matrix of results. The chart allow us identify the main ergonomic problem. Thus, the companies can
save time and money during ergonomics interventions.

Pareto
Workspace Corrugator Machine
Grupak Cuernavaca 100.0%
BO0
90.0%
e A % A Lr or .Y 80.0%
70.0%
400
60.0%
b 50.0%
300 1
40.0%
0 + 300%
I 20.0%
100 1
I 10.0%
N H L .
5. Risk of 4. Postures at 3. Lifting Objects 2. Physical 1 Workspace 6. Labour 7. Activity 9.- Noise 8- llumination 11. Decision 10. Other
accidents Work and activity in general Content Restrictions Making Communication
Movement Workers and
Personal Contact
Figure 5. Pareto chart before formula correction.
Pareto
Workspace Corrugator Machine
Grupak Cuernavaca
250 100.0%
90.0%
200 - £ TAY 80.0%
70.0%
150 60.0%
50.0%
100 | 40.0%
30.0%
50 20.0%
10.0%
0 0.0%
5. Risk of 7. Activity 2.Physical 4.Posturesat  9.-Noise 8.- llumination 3. Lifting 6. Labour 1. Workspace 11. Decision 10. Other
Accidents  Restrictions  Activity in work and Objects Content Making  Comunication
General Movement Workers and

Personal
Contacts

Figure 6. Pareto chart after formula correction.
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