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ABSTRACT: Nowadays the majority of organizations operating in manufacturing field recognize the 
importance of including the Human Factor contribution in the industrial process optimization (Hong 
et al. 2007). Technical measures and work organization procedures have been optimized in order to reduce 
the defects and waste generation but the Human Performance prediction still represents for Managers a 
difficult task to deal with.The prediction of the human performances of all workers involved in a produc-
tion system would help Managers in better allocating the human resources. In order to reach this objective, 
a model to quantify the human capability of managing a complex task in a working context characterized 
by a set of physical, organizational and cognitive factors was designed.This paper presents the preliminary 
results of a three years industry/academia partnership project to assess the human performance in manu-
facturing plant. A multi-discipline approach involving both technical and individual factors was adopted.

procedures. Miller (1987) analyzed a set of envi-
ronmental, organizational and individual factors 
in relation to error-related outcomes. The ex-post 
events analysis approach has been used (Comberti 
et al., 2015) to identify causes of occupational acci-
dents and defects with the aim of reducing their 
repetition.

Work Organization managers related the HF 
analysis to the ergonomic with the aim of calibrat-
ing and optimizing the task-time and reducing the 
operative risk task-related (Lin et al., 2001).

Many studies on Human Performance mod-
eling suggest that the HF has to be approached 
as a complex system, where behavior, cognition, 
physiology and working condition deeply interact 
(Leva, 2016).

The knowledge of the relation between the 
human nature and the working condition of all 
workers involved in a production system would be 
crucial for the industrial Management.

Better allocating the human resources forward 
the different tasks will probably reduce the defects 
generation and the unsafe actions frequency.

In order to reach this objective it is necessary 
to model a system able to quantify and predict the 
human capability of managing a complex task in a 
context characterized by a set of physical, organi-
zational and cognitive factors (Groth, 2012) in 
other words a model able to define and assess the 
Human Performance (HP).

1 INTRODUCTION

In manufacturing sector, the process optimization 
plays an important role to improve the production 
efficiency and economical profits.

Production is influenced by several factors such 
as: technology, organization, energy and workers 
performance.

In many cases, process optimization has been 
primary focused on technical measures and work 
organization procedures.

The Human Factor, despite the level of automa-
tization in manufacturing industry is considerably 
increased and the standardization of working-
procedures drives the working activity, still plays 
an important role on the efficiency of production 
system (Baines et al., 2005).

Human Factor has a strong influence on the 
occupational accident occurrence and defects 
generation.

Human Factor represents for Managers a diffi-
cult task to deal with even if  most of organizations 
operating in manufacturing field recognize the 
importance of including the Human Factor (HF) 
contribution in the industrial process optimization 
(Hong 2007).

The Human Factor analysis has been 
approached differently in several areas.

Safety and Quality managers focused their 
attention to the deviation of human behavior from 
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Relevant researchs in this topic suggested which 
variables can be used to define the HP.

Baine & Benedettini (2007) suggested a multi-
disciplinary approach based on Sociology, Phycol-
ogy and Engineering disciplines to be consistent 
on human nature representation. Eklund (1997) 
showed that Ergonomic has to be related to quality 
performances.

This paper presents the preliminary results of 
an industrial and academic project to develop a 
Human Performance assessment method for safety 
and quality optimization.

The aim of this work is to approach the HP 
modeling to facilitate the management of HF into 
the industrial improvement process.

The proposed model was developed on the basis 
of Straeter (2000) results.

It is based on the fundamental assumption that 
the HP can be represented as directly dependent 
from two macro-factors:

•	 Task Complexity (TC): that summarizes all 
factors contributing to the physical and men-
tal requests to execute a given operative task, 
including work environmental factor.

•	 Human Capability (HC): that resumes the 
resources of workers under the real working 
condition. This factor represents both physical, 
mental and cognitive ability of the worker.

Section 2 of this paper presents the Conceptual 
Model of this project meanwhile section 3 shows 
the Operative Model deducted from the case 
study.

Section  3  gives an illustration of the project 
future development with a focus on the model vali-
dation. Conclusions will end the paper.

2 HP PROJECT DESIGN

This project has been managed in 4  steps as 
Figure 1 shows.

First step was focused on the “Conceptual 
Model” designing process.

Conceptual Model defines the variables and 
relations considered to the HP assessment.

Second step was characterized by the Opera-
tive model-design that represents the projection of 
Conceptual model into the industrial real life.

In other words each variables introduced into 
the Conceptual model have to be replaced by a 
measurable quantity into the Operative model.

Third step will be focused on HC and TC assess-
ment with an intensive data field collection. This 
step will involves directly the workers of the plant 
with skill tests performed during the working 
activity.

In addition to this the descriptive parameters 
of TC will be collected with a deep analysis of 
working places.This step will be completed by a 
systematic interview of all workers involved. The 
interview will be structured on a set of questions 
related to individual motivation, risk-perception, 
working complexity perception.The information 
acquired with the survey will be used as a feedback 
for safety, work organization and quality improve-
ments. On the basis of the results a validation or 
modification of the model will be done. This paper 
presents results related to the first and second steps 
of the project.

2.1 Conceptual model

The HP model represents the interaction between 
two macro factors: the Human Capability (HC) 
and the Task Complexity (TC).

Both factors can be analyzed with a wealth of 
methods for different purposes, such as data col-
lection, task analysis (including cognitive task 
analysis), workload measurement, assessing situa-
tion awareness performance assessment (including 
team performance assessment), human error iden-
tification and interface evaluation methods (Stan-
ton, 2004 and 2006).

In this work the proposed conceptual model of 
Human Performance is showed in Figure 2.

TC, as mentioned in the previous section, rep-
resents the total demand of resources asked to 
perform correctly a given task under certain work 
environmental condition.

TC is the result of the contribution of two main 
factors: Mental Workload (MW) and Physical 
Workload (PW), both associated to a single opera-
tive task.

PW factor is easily relatable to the physical, 
motion and postural efforts required to complete 
a given task.

Bad ergonomics combined with time pressure 
(coping with pace) have been estimated to cause 
about 50% of all quality deviations (Lin, 2001).Figure 1. Project structure.
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Several studies demonstrates that high physical 
workload such as unkind postures can decrease the 
performance for discomfort (Erdinç, 2011).

A low variation, such as repetitive motions and 
static workload, was observed as additional cause 
for muscle fatigue (Punnett, 2000).

Other factors that may be included on PW mod-
elling can be identified in the degree of rotation 
between high and low demanding tasks (Horton, 
2012) and into the gender effects for the differences 
concerning discomfort and muscle fatigue in repet-
itive and static workload (Hunter, 2012).

In addition to the above mentioned factors, 
that are related to a specific operative task, other 
variables able to affect the PW are represented by 
environmental workload effects (Jung, 2001) which 
include: improper temperature, lighting, noise, 
vibration and exposure to chemical agents and 
physical agents as dust.

The physiological effects of these environmental 
factors, under industrial conditions, can contribute 
to an increase of the stress level and consequently 
to a loss of human performance (Grandejan, 1985).

MW was defined by Kahneman (1979) as “a 
factor directly related to the proportion of the 
mental capacity of an operator spends on task 
performance”.

The MW assessment has been conducted in 
various research fields with both objectives and 
subjective measures such as: physiological activity 
under simple task normative condition (Kramer, 
1991), cognitive performances, subjective analy-
sis (Didomenico, 2008) and combined approach 
(Miyake, 2001).

All these studies have been performed in norma-
tive condition, with simple standardized tasks and 
under controlled environmental condition. This 
configuration is far away from industrial situation.

A relation between MW of assembly tasks and 
quality deviations was recently founded by Falck 
(2014). This work suggests that MW can be esti-
mated trough the evaluation of the complexity of 
the task.

Operating in an industry plant it would be more 
suitable assessing the MW factor with a combi-
nation of subjective measurement and indirect 
task-related variable quantification, instead of 
approaching it with physiological measurement 
and cognitive normative test.

As a results of literature review and plant analy-
sis a set of variables to TC definition was identified.

Figure 3 summarizes all variables selected to TC 
definition.

Human Capability (HC), as mentioned in the 
previous section, represents the total amount of 
resources that a worker is able to give for exe-
cute a given task under environmental working 
condition.

The HC factor is given by the contribution of 
several human skills that are all engaged in per-
forming an operative task.

In particular the main Human skills that have 
been considered in relation to an assembly task 
are:

•	 Ability: skills like Precision, Manual Handling, 
Coordination are solicited continuously during 
a front line assembly work.

•	 Memory: remembering the sequence of opera-
tions and parts to complete correctly a given 
task can differ considerably.

•	 Physical: the ability of maintaining a constant 
performance during the shift and the ability of 
coping with pace.

Figure 2. HP conceptual model.

Figure 3. TC conceptual model.
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2.2 Operative model

The Conceptual model defined in the previous 
section represent also the trace for the Operative 
model definition.

Operative model contains for each factor taken 
into account into the Conceptual model a set of 
observable and measurable variables.

The variables were selected after a field analysis 
performed in the beginning stages of the project 
with a participatory approach that involved both 
academic and industry professionals operating in 
the various management areas involved: Safety, 
Work Analysis, Quality, Work Organization.

The observable variables selected will be meas-
ured both in numerical and qualitative scales.

In order to allow the confrontation between var-
iables with different nature and scale, all the vari-
ables will be harmonized in a common numerical 
scale.

TC factor will be estimated trough the assess-
ment of observable variables that are showed in 
Figure  4 (Mental Work Load) and in Figure  5 
(Task Complexity).

In the proposed representation of Figures 4 and 
5 some variables are not used directly into the HP 
model but are compared with the results of the 
workers interviews previously mentioned.

HC factors will be estimated trough a set of 
measures, showed in Figure 6.

These measures will be obtained as a results of 
skill tests performed by workers during the real 
working activity.

As an example the “Memory skill” will be tested 
recording the time spent by a worker to replicate a 
symbol sequence shortly showed.

Dexterity variable will be measured with 3 
“ability tests” that simulate some typical operation 
asked into an assembly line.

The HC of each single workers will be assessed 
recording the time spent to complete all tests and 
recording the number of errors done.

In addition to these human skills, to model 
the Human Capability, it must be noticed that 
an important psycological aspects that can be 
described as “Motivation” can interact construc-
tively or disprutively with this factor.

Motivation includes several psychological 
factors:

- Perception of task-risk;
- Perception of task complexity;
- Personal awarness;
- Job satisfaction\dissatisfaction

It is conceptually easy to consider that a severe 
mismatch between Task complexity and Perceived 
Task Complexity can facilitate the human error or 
unsafe act generation.

Information acquired with the interview will be 
used to estimate the level of motivation and per-
ception of each workers.

3 PROJECT DEVELOPMENT AND  
MODEL VALIDATION

Nowadays the project ended the second step. On the 
basis of the Operative model in the next 6 months a 
field data collection will be done. This activity will 
involves 150 workers operating in 4 assembly lines.

The total number of working places can be 
approximately estimated in 70 units. The applica-
tion of this model will imply the calculation of 
170 Human Capability profiles and 70 Task Com-
plexity profiles. The HP calculation will be done 
according the scheme showed in Figure 7.

Figure 4. MW operative model.

Figure 5. PW conceptual model.

Figure 6. HC Operative model.
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Figure 7 summarize the generic scheme of cal-
culation of HP between the TC of a working place 
characterized by 5  index (Variability, Working 
Cycles, Parts, Physical Efforts, Saturation) and the 
HC of a worker characterized by 4  index (Mem-
ory, Dexterity, Steadiness, Coping with pace).

This scheme of calculation is based on the 
operation “HC-index – TC-index” and leads to the 
definition of 6 matching indexs.

On the basis of the matching-index two Human 
Performance index are defined:

•	 HP-: represents the sum of all negatives match-
ing index.

•	 HP*: represents the sum of all absolute values of 
matching index.

The assessment for each assembly line of HP—
and HP* will allows a quantitative calculation of 
the potential Human Performance related to the 
matching workers-working places.

Changing the distribution of the workers will 
leads to a different HP estimation.

Minimizing HP-and HP* will implies the opti-
mization of the distribution of the workers forward 
the working places on the basis of each individual 
human capability and each task complexity.

To validate this model a collaborative processes 
involving Quality and Production Managers in 
mutual learning processes will be adopted as sug-
gested by Action Research method (Greenwood, 
2006).

A set of 25 working places with relevant prob-
lems of quality will be selected.

HP results will be used to identify the best 
matching workers-working places and on the basis 
of that a new configuration of the line will be 
done.

A period of 3 months will be used to monitor 
the results of the new configuration workers-tasks 
and quality indicators will be collected.

The comparison of quality data ante and post 
configuration will allows the evaluation of the 
impact of the method.

This operation would leads to a reduction of 
human error related to a wrong matching worker-
working place.

The HP assessment would be used as a sort of 
objective guideline to optimize the workers distri-
bution into assembly lines.

The number of workers involved (more than 
150) and working places analyzes will allows a sta-
tistical validation of the model.

4 CONCLUSION

Conclusively, the strengths of the proposed empiri-
cal approach with respect to the Human Perform-
ance assessment can be summarized as it follows:

•	 a model to HP definition as the ultimate product 
of the balance between the TC (driven by all the 
factors from the environment) and the operator 
characteristics (HC) was developed.

•	 The empirical based analysis will enhance the 
knowledge of the specific process operations at 
Managerial level, possibly highlighting latent 
drivers of Human Performance.

•	 This model was developed and will be tested in 
real operative condition and with a large number 
of workers directly involved. That represents a 
rare case of cooperation between academia and 
manufacturing. Results of the model applica-
tion will be directly applied by industrial man-
agement with a measurable impact in term of 
process optimization.
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