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Abstract. The Human Factors contribution in the scope of the industrial pro-
cess optimization presented in this case study had to deal with considerations
regarding the physical and mental workload requirements of different work-
stations and the capabilities of the operators assigned to them. The scope was to
provide the industrial management with a better way to allocate human
resources to tasks requiring different operational skills. The model developed
and customised showed promises results for the case study in which it was
applied but offers also a generalizable feature that can extend to other contexts
and situations. The assessment performed can contribute to consider necessary
areas of improvement in terms of technical measures, procedure optimizations
and improved work organization, to reduce defects and waste generation. The
paper presents a brief description of the theoretical and empirical approach used
to assess the workload of complex tasks in assembly lines and the matching
operators’ skillsets; furthermore, it also discusses some of the preliminary results
of its application.
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1 Introduction

The main purpose of process optimization in manufacturing is to improve production
efficiency and economic benefits. To reach these goals process optimization works
through several areas: technical measures upgrading, work organization procedures
designing, and, energy saving. There is growing interest in addressing Human Factors
as part of these areas [1]. The discipline of Human Factors in fact, has a very relevant
role to play, despite the ever-increasing level of automation and the standardization of
working-procedures [2]. Quality managers focused their attention to human behaviour
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and try to analyse the causes of deviations from procedures where errors are detected
[3]. Safety experts included HF into accidents precursor analysis [4, 5] and into ex-post
events analysis [6] with the aim of reducing their repetition. HF considerations are used
in the area of work organization to reduce operational risks and improve task-time
optimization [7]. HF influence has been modelled and measured differently depending
on the characteristics of each application. Human Performance modelling is a complex
system, where behaviour, cognition, physiology and working condition deeply interact
[7, 8]. However the topic of Human reliability analysis and modelling, was initially
developed for safety critical industries such as nuclear and aviation and was not widely
applied to manufacturing even where humans are still at the forefront of production
process that are not completely automated. Automotive for instance is a sector where
production systems are based on assembly lines that are required a cross interaction
between highly automated workstations and highly trained human resources too.
Different operators are needed to contribute towards the final products, which calls for
different capabilities for analysing information, recalling items from memory, making
decision etc. while performing time constrained tasks. An empirical way to assess
human performance, such as the reliability of individuals to perform specific tasks can
be a very useful element in the process of allocating human resources to various
workstations in an assembly line, as different workstations will present different ele-
ments of complexity, ultimately affecting the frequency of defects, human errors [9]
and potential unsafe acts [9, 10]. The design of such a system requires an interaction
between task complexity in terms of both mental and physical workload, and the
assessment of the required human capabilities to cope with it. The main part of the
plant considered as a case study is organised into heavy vehicles assembly lines, which
include a sequence of workstations. The level of robotic application is relatively low,
most of the tasks are still manually performed As a consequence the impact of human
performance on production efficiency is significant; human errors, expressed in term of
defects and error of assembly, represent both an increase in cost and waste. The aim of
this study was to deliver a Human Performance (HP) modelling capability able to
identify areas of improvement in the industrial process so as to produce measurable
impact on the rate of human errors. Within the scope of the work was the cooperation
with the Management of the manufacturing plant, so as to deliver a practical opera-
tional model that could be applied by the plant managers themselves.

Section 2 summarises related work to this paper, while Sect. 3 presents the
designing process of the Model. Section 4 shows the model application and Sect. 5
provides an overview of the results and of the future developments for model
validation.

2 Related Work

This type of assessment demands a multidisciplinary approach [11] supported by
research in the field of Engineering, Psychology and Ergonomics [12]. This work was
intended to provide a both a theoretical and an empirical validated approach, and
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ultimately offer a contribution to the study of human performance optimization in
manufacturing. The proposed model is based on previous work presented by the
authors where fundamental hypothesis was that Human Performance HP could be
represented as directly dependent from two macro-factors [13]:

– Workload (WL): it represents all the factors contributing to the physical and mental
demands to execute a given operative task, including work environmental factors
[14, 15].

– Human capability (HC): it represents the resources of workers under the real
working conditions and includes the physical, mental and cognitive abilities of each
worker. As a contribution the authors considered some key hypothesis for the
concept of mental workload and how it can be operationalized for practical
assessments [16, 17].

3 Design and Methodology

The methodology used to estimate Human Performance in the assembly line can be
broken down into five steps (as it is showed in Fig. 1). First step was focused on the
“Conceptual Model” designing. This step began with understanding the variables
having an influence on Workload and Human Capabilities. Those variables have been
initially selected through a literature review balanced by an appraisal of the working
conditions of the different workstation and a task analysis [1, 3, 4] of the key activities
of the workstations considered for the study in the assembly line. The second step
consisted in characterizing the conceptual model to suit the actual empirical situation
found in the case study. This process identified, with the support of task analysis
method [18], the actual empirical data sources and or proxies to assess the variables of
the conceptual model identified from the literature review, so as to be connected with
one or more observable and measurable quantities. This process lead to a simplification
of the initial conceptual model into a version applicable to the data availability and the
needs expressed for the case study. Data-Field collection was dedicated to empirical
measurements of all quantities defined in the operative model structure: results were
used for Human Performance Assessment involving the assessment of the workload
element together with operator’s capabilities. The results obtained from the Data-Field
collection campaign lead to the Human Performance (HP) assessment, and that is used
to plan interventions on the human resources management of the assembly line.
A validation period during which results, expressed in term of production efficiency,
will be monitored would allow a validation of the proposed model.
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3.1 Conceptual Model

The conceptual model is based on the Model developed by Rash [19] In the Rasch
model, the probability of a specified outcome (e.g. right/wrong results) is a logistic
function of the difference between the person and item difficulty parameter. Let Xni be a
dichotomous random variable with binary values where, for example, Xni = 1 denotes a
correct response and an Xni = 0 an incorrect response to a given assessment item. In the
Rasch model for dichotomous data, the probability of the outcome is given by the
formula provided in Eq. (1):

Pr Xni ¼ 1ð Þ ¼ ebn�di=1þ ebn�di ð1Þ

where bn the ability of person n and di the difficulty of item i.
The model needs to be radically enhanced to take into account an assessment of

performance that is not dichotomous and feed into the interaction between two macro
factors:

• Human Capability (HC): summarising the skills, training and experience of the
people facing the tasks, representing a synthesis of their physical and cognitive
abilities to verify whether or not they match the task requirements.

• Workload (WL) summarising the contribution of two main factors [15, 16]: “Mental
Workload” (MW) and “Physical Workload” (PW), both associated to each activity
identified and analysed in the assembly line.

The reason why we consider mental workload and physical workload together for
these type of manufacturing tasks is because recent sensorised EEG experimental

Fig. 1. Project development
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studies have shown that the simultaneous executions of tasks, whether physical or
cognitive, tends to increase cognitive demands for the human brain [20]. Similarly
then, operator capability should be estimated on the basis of the operators’ set of
cognitive capabilities and physical conditions. The Physical Workload (PW) factor is
easily relatable to the physical, motion and postural efforts required to perform a
specific task. Poor ergonomic features of the workstation (such as the need to sustain
uncomfortable postures and or loads) were related to a remarkable decreasing of per-
formance for discomfort of the worker over time [21], repetitive motions and static task
were observed as additional cause for occupational accidents and lower performance
[22]. Other factors having an influence on PW are related to the Saturation time: the
percentage of the takt-time that is theoretically required to complete the task. The
higher the saturation the lower the time available to complete a task. In addition, some
general factors able to affect the PW can be summarized into environmental variables
[22, 23] which included improper temperature, lighting, noise, vibration and exposure
to chemical agents and physical agents as dust. Physiological effects of these envi-
ronmental factors, under industrial conditions, can contribute to an increase of the
stress level and consequently impact the reliability of human performance [24]. Mental
Workload is generally related to the amount of mental resources imposed by a specific
task [25] but there is no widely accepted definition of it, it can be seen as an interaction
between the demands of the task and the performance of the operator [26] or according
to Kahneman [27] as: “a factor directly related to the proportion of the mental capacity
of an operator spends on task performance”. In the literature several methodologies
were developed to assess it such as objective physiological measures [28], subjective
cognitive analysis [29] and combined multivariate approaches [30]. Generally research
in MW assessment have been performed in normative condition, with a simple stan-
dardized task and under controlled environmental condition that are not the one faced
on the shop floor of the assembly line chosen for this application. However the liter-
ature offers more and more empirical studies performed in manufacturing plants [31]
related the MW assessment considering ergonomic factors and task complexity on the
shop floor and it has also offered recent papers on the effect of task variability over
mental workload demands [31, 32]. For the purpose of the empirical study performed
MW was assessed on the basis of a combination of subjective measurement and
indirect task-related variable quantification, as physiological measurement and cogni-
tive normative test were not approved as a feasible mean of assessment by the industrial
partner. As a result of literature review and task analysis performed with plant man-
agers a set of variables relatable to WL were identified. Figure 2 summarizes all
variables selected to model WL for the case study.

MW has been assessed on the basis of the following variables (see Fig. 2):

– Task variability: this variable takes into account the effects of parts and product
variability and consequently the need to identify and evaluate the appropriate
procedural variations for each workstation in the assembly line.

– Task complexity: it represents the effects of remembering how to perform the task.
– Each task is composed by a sequence of simple operations. The higher the number

of operations composing the task the bigger is the mental effort required to
remember them.
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– Selection: some tasks may require a certain degree of decision-making in choosing
the right approach during performance that contributes to affect mental workload
demand.

PW has been assessed on the basis of the following variables:

– Physical effort: tasks may differ depending to the physical and postural effort
required to perform them.

– Coping with pace: in the assembly line all tasks have to be performed in a fixed
short period called “takt time”. Tasks may differ depending on the percentage of
takt-time allocated to complete the task: The higher the saturation the lower the time
available to complete a task.

– Dexterity: this variable is intended to measure the manual precision requested by the
task characteristics.

Environmental factors take into account all the variables such as: lighting,
humidity, noise and temperature that have an impact both on MW and PW. Human
Capability (HC), as mentioned in the previous section, represents the total amount of
resources that a worker can offer to execute tasks under given environmental working
condition. Several human skills have been considered as solicited by the WL associated
to each specific task. Human skills that have been considered to model the HC are:

– Manual skill: skills like precision, manual handling, and coordination are solicited
continuously during an assembly task.

– Memory: remembering the sequence of operations and parts to be assembled can
differ considerably from task to task.

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

Fig. 2. WL conceptual model
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The conceptual model resulting from the combination of WL and HC model is a
Human Performance model and it is represented in Fig. 3.

The part of the conceptual model shown in Fig. 3 is to highlight that the variables
used to assess WL and HC to assess human performance in relation to each activity
analysed for the assembly line. WL is assessed for each activity while the factors
chosen to assess Human Capability are specific to each worker. This model provides an
estimate of HP index and can be used to identify worker-task matching. This effort is
aimed at improving global performance of the assembly line in terms of probability of
human error and unsafe acts occurrence.

3.2 Operational Model

The Conceptual model defined in the previous section represented the starting point to
define the operative model. To shift from a purely conceptual model to an operational
one it was necessary to identify a set of actual observable and measurable quantities to
estimate/assess the model variables. In addition to this, a common scale of evaluation
for all quantities was adopted so as to allow a quantitative comparison between Human
Capabilities (HC) against Workload (WL) requirements. The WL operational model
was defined using a task analysis of each workstation activity plus an observation
protocol to score the whole assembly line. A participatory approach involved both
academic and industry professionals operating in the various management areas:
Safety, Work Analysis, Quality, Work-Organization.

Fig. 3. Human Performance conceptual model
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Workload Operational Model
Figure 4 shows results of this process with reference to WL operational definition.
With reference to Fig. 4 the shift from a conceptual to an operational model implied the
exclusion of the “Environmental factors” variable as it was the same for all the
workstation and did not appear to have changes and or influence on the overall per-
formance. The environmental conditions were in fact of good quality and therefore did
not have an observable impact on performance, furthermore the environmental factors
were approximately constant along the production line therefore their effect was not
observable in this specific case study. With the exception of the environmental ones all
the other variables identified in the conceptual model were matched by one or more
observable quantities. Each quantity had a different measurement-unit therefore to
adopt a common scale, the indicators were scored according to calibrated Likert scales
from 1to 10. Each Likert scale was calibrated according to the original unit mea-
surements of the observable variables.

The choices made to operationalize the conceptual model can be summarised as
follow:

– Task Variability was measured considering the following aspect: the assembly line is
a sequence of working-places where a shell is moved automatically from a work-
station to the next following a certain rate called takt-time. In all working-place a task
is performed on the shell according to a specific well defined procedure. Each task is

Fig. 4. WL operative model
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composed by several operations that can change or remaining constant depending on
the kind of product being assembled. To assess this variability two quantities were
identified: number of models (NM) represents the number of task variation required
by different shell-types in each workstation; NM was assessed between 1 (when the
task does not vary following a shell-type variation) and 6 (when there are more than 5
possible task differences following different shell-types). The other factor considered
is MV (task stability), which represents the percentage of variations observed in each
workstation. MV varied between 0 (when there are no variations depending on the
shells being assembled, 100% of tasks in the same type) and 4, when the percentage
of the most frequent activities for shell type is only about 60% of the total amount of
assembly activities performed during the working day. The combination of this two
quantities leads to definition of a numerical index called “Variability index”.
The relation defined to relate these two quantities is expressed by the following
equation:

IV ¼ NMþMV ð2Þ

– Task Complexity refers to the number of basic operations in which the task can be
decomposed. This quantity was evaluated with the support of a Work Analyst
specialist. Complexity index, “CI”, has a range of variation from 1 (when the basic
operations are less than 5) to 10 (when the basic operations are more than 45).

– Selection. This variable was related to the difficulty of making the right choice
between similar parts required for assembly on different types of models (as an
example 2 kind of screws may differ by 2 mm in length). The Parts Similarity index
(PS) was set between a value of “0” (there are no parts similar to each other), and 3,
(the percentage of similar parts is more than 30% of the total parts managed during
the task). The PS index was combined with Part number index as expressed in Eq. 3.

– Dexterity. This variable was related to the quantity of small parts managed during the
task performance. As a consequence a Part number index (PN) was set between 1,
(when the small parts managed are less than 5), and 7 (when the parts managed during
the task are more than 50). This index has been combined with PS index in Eq. 3:

IP ¼ PNþ PS ð3Þ

IP measures the amount of workload relatable to the quantity and the similarity of
small parts to be managed during a specific task, considering the range of PN and
PS observable values the index varies between 1 and 10.

– Physical effort and Coping with pace. These variables were related to 2 quantities:
the Ergonomic index (EI) and the Saturation index (SI). Both of them are values
varying between 1 and 5 depending on the ergonomics assessment of the various
workstations (evaluated with a standardized methodology called OCRA [33]) and to
the level of saturation of takt-time defined by Work analysis. As a consequence of
this the Physical Effort index (PEI) was defined as expressed by Eq. 4:

PEI ¼ EIþ SI ð4Þ
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In summary as a consequence of the operational model each workstation would be
analysed in term of Physical Workload (PW) and Mental workload (MW) using 4
indicators: IV, CI, IP and PEI.

Human Capability Operational Model
HC represents the total amount of resources that a worker potentially can provide to
perform a given task. According to the kind of tasks involved into the assembly line,
the HC conceptual model identified 3 set of measurable capabilities: Manual skills,
Memory and Physical skill. In order to assess these skills a set of empirical tests were
designed. The key conditions considered for the test design process were the
followings:

1. The tests have to represents or simulate frequents operations close to the ones
performed in the assembly line.

2. The tests have to be performed by workers during the working activity, as a con-
sequence the time requested to perform them needs to be below 10 min.

Considering the above conditions four test were defined:

1. Memory test: sequences of geometric schemes were shown to the worker for few
second. The worker was then asked to replicate them on a piece of paper. During
this test the time to complete the task and its accuracy were recorded.

2. Precision test: it consists in moving an iron circle along a not linear contour without
touching the line. This test is related to the manual precision required in many tasks.
During this test the time to complete the path and the number of errors were
recorded.

3. Coordination test: In this test the worker is required to use both hands to perform
simple actions. Time and precision of coordinate movements were recorded.

4. Methodology test: During this test the worker have to decide and to complete a set
of simple assembly steps with small parts. Time and errors were recorded.

Results of these tests have been used to assess the part of the model related to
human capability (HC) as reported in Fig. 5.

Fig. 5. Human capability operative model
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The variables identified in the HC Conceptual model and reported in Fig. 5 are
follows:

1. Physical skills: assessed considering the variance in performance on all the tests
performed by a single worker. The variance was considered as a proxy of Physical
Steadiness. This indicator is express in a scale from 1 to 10, where 10 indicates the
capability to attain best consistency in good work performance.

2. Memory skill was associated to the result of the memory test. A memory index was
introduced within the 1 to 10 Likert scale.

3. Manual skill was associated to the results of the Precision, Coordination and
Methodology tests. All of them represent a measure of dexterity and consequently it
was defined as a Dexterity index.

As a consequence of the operational model developed, each worker of the assembly
line would be characterized in term of HC with a set of the 3 indicators (PSI, MI, DI)
mentioned above.

3.3 Data Field Collection

On the basis of the Operational model and the variable identified it was possible to
perform the field data collection campaign. An assembly line of 23 work-stations was
selected as test-line. Therefore 23 different WL were calculated according to the
indicators reported in Fig. 4. The results of this activity are summarized in Fig. 6.
Figure 6 highlights how the WL differs along the assembly line. Workstation 1 for
instance has a WL index not far from Workstation 16, while the workstation reporting
the highest WL value (with an overall score of 28) is the one marked as number 17.
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The HC assessment campaign with the tests involved directly 50 workers employed
in the selected assembly line. The tests were planned so as to minimize the impact on
the working activity of the assembly line itself and the average time of execution was
between 7–9 min. To perform the tests each worker was given a short break, for the
time strictly necessary, and replaced by a substitute. This configuration allowed the
tests to be repeated 3 times during the whole shift for all the workers. All test results
showed a good discrimination of workers skills highlighting a wide range of variation
in performances. The HC indicators were all reported in a numerical scale 1–10 in
relation to test results. The test measures 2 quantities: the amount of time spent to
complete the test and the number of errors committed during its execution. The two
quantities were combined in a single index as reported in Eq. (5). Considering the
results of each individual skill test, time and errors observed in the text were linearly
combined in a common quantity named “Modified Time” (MT) according to the fol-
lowing equation:

MT ¼ Time s½ � þErrors� 3 s½ � ð5Þ

Where each error was transformed in an additional amount of time of 3 s. On the
basis of the MT distribution the correspondent HC indicator was assessed. Figure 7
shows the results measured in term of Time and number of errors for 25 workers and
Fig. 8 highlights the corresponding MT distribution.

Figure 7 highlights the capacity of the Precision test of discriminating between
different skill-levels among workers. The MD assessment (Fig. 8) revealed a wide
range of performance variation, from a minimum of 21 s to a maximum of 70 s. On the
basis of this range of variation, each MD value was scaled into a numerical index.

Fig. 7. Precision-test results: time to complete test expressed in second and number of errors
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This process was repeated for all tests’ results, leading to the definition of the
required HC indicators for all the workers involved. Figure 9 summarizes the HC
distribution.

Figure 9 highlights how HC change even significantly from operator to operator.
For each worker it is possible to consider the overall score for HC or the score of each
specific skill. For example worker number 6 has the following indicators: PSI = 5,
DI = 5 and MI equal to 10 for a total of recorded HC of 20 which is in the highest
percentile of the HC values recorded for the overall population. This information
suggests that this worker may be better allocated to a workstation where Memory is a
key requirement. The effects of HC and WL assessment, with the set of Indicators
defined in the Operational model, will be discussed in the next section.

Fig. 8. Modified Time (MT) distribution
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4 Human Performance Assessment

The HP assessment was defined according to the scheme proposed in the Conceptual
model (Fig. 3) and in compliance with the operational evaluation process defined for
HC and WL. The HP calculation therefore is outlined as follow (see Fig. 10): for each
possible matching worker/workstation the combination of the 3 HC index (MI, DI, PSI)
with 4 WL index (PEI, IP, CI and IV) lead to an overall matching index reported in
Eq. (6):

HCworker �WLworkingplace ¼ HP ð6Þ

The Matching-index assesses the level of adequacy of human capability to the
workload determined for each workstation.

Figure 10 outlines an example where the Matching is characterized by:

– Two negatives value due to MI-IV and to DI-PI. These represent a negative
matching worker-workstation as the variability (IV) and dexterity required by the
task are not well matched by the memory and dexterity scores of the worker.

– Two positive indices representing a favourable matching.

On the basis of the Matching index, two Human Performance assessment indices
were defined:

– HPminus: represents the sum of all negatives matching index.
– HPplus: represents the sum of all positive values of matching index.

With these two indexes it is possible to quantify the potential goodness of fit, in
term of all the possible matching of workers and workstations.

Fig. 10. Human Performance scheme of calculation
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This matching index is a predictor of human performance, as the lower the value of
HPminus the higher is the probability of human error for that combination. On the basis
of this systematic assessment of HPminus and HPplus, for all the possible combination
workers/workstation a matrix of matching combination is defined.

Figure 11 summarises the results of this approach showing, as an example the
matrix of combinations obtained for 5 workstations and 25 workers (with all their
relative HP assessment index). The score of the 25 workers are reported for each
workstation in a decreasing order (the workers are in the upper row, and the HP index
in the lower row).

A grey-scale was set: black for bad matching (HP assessment index < −4), grey for
acceptable matching (HP assessment index between from −4 to −1) and white for good
matching. This method in reality is to be used as an optimization problem where the
value to be optimized is the HP index. The index needs to be above 0 but as close to 0
as possible to ensure good matching of requirements and capabilities while at the same
time avoiding waste. The matrix can be used as guidance tool to support manning
activities.

5 Results

The project outlined a proof of concept for a model to evaluate workload requirement
and matching operators skills as a predictor of human error in manufacturing tasks. The
model was tested in a concrete case study involving an assembly line made of 21
individual workstations and 50 workers divided in two daily shifts named A and B.
According to the data field collection scheme reported in Sect. 4, the application of the
operational model entailed the WL assessment for the 21 work stations and HC
assessment for all workers involved. Figure 12 summarizes the results obtained for the
WL assessment.

Workers AC AV AJ AT AG AA AN AO AP AH AW AQ AE AF AI AU AA AD AK AL AM
HP 23 18 18 13 12 10 8 -1 -1 -2 -2 -3 -3 -3 -3 -3 -5 -5 -6 -7 -7

Workers AC AV AJ AX AG AA AT AN AH AP AR AS AW AE AU AQ AD AA AL AM AK
HP 16 12 11 -1 -2 -3 -3 -3 -4 -5 -5 -6 -7 -8 -9 -9 -11 -11 -11 -11 -13

Workers AC AV AJ AX AG AA AT AN AH AP AR AS AW AE AU AQ AD AA AL AM AK
HP 10 9 9 -1 -2 -3 -3 -3 -4 -5 -5 -6 -7 -8 -9 -9 -11 -11 -11 -11 -13

Workers AV AJ AX AT AG AP AR AC AE AF AI AO AS AW AQ AU AL AA AD AM AK
HP 15 15 8 8 6 5 3 -1 -1 -1 -1 -2 -2 -2 -4 -4 -5 -6 -10 -10 -10

Workers AV AJ AX AT AG AR AC AH AO AS AW AF AI AE AU AQ AA AL AD AK AM
HP 15 14 10 10 9 3 -1 -1 -1 -1 -1 -2 -2 -2 -3 -3 -5 -6 -9 -9 -10

1

2

3

4

5

Fig. 11. Matching matrix
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Figures 13 and 14 showed the HC values for the workers of the two shifts A and B.

A Human Performance index was then defined to take into account the evaluation
of all the possible matching combinations of workers and workstations. The final result
of this activity was presented in two global matching matrixes, one for each shift, with
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dimensions defined by workstations (number of rows) and workers (number of col-
umns). For our case study the matrix had 21 rows (one for each workstation) and 25
columns (one for each worker). Figure 16 in Appendix summarises the results of this
approach showing, as an example, the matrix of combinations obtained for the shift B.
On the basis of the matching matrix it would be possible to minimize the negative
Human Performance index (HPminus) and consequently to have a better distribution of
workers to the workstations. The distribution is determined on the basis of each
individual Human Capability and Workload index. The matching-matrixes were used
to identify the best configuration of the line in terms of human resources allocation for
each shift. According to the plant managers, a period of 1 month has been chosen to
monitor the results of the new configuration. The monitoring has been done with 2
observable quality indicators. The first quality indicator was named QI (Quality index)
and it measured the percentage of product with no defects produced at the end of the
line. This parameter was measured in a quality gate by quality experts according to
standardized internal procedures. Figure 15 summarises the QI values collected for a
period of 6 months during which the month of May was the one with the configuration
workers-workstations defined on the basis of the matching matrix.

After this month, due to internal organisational changes a relevant turnover of
workers significantly impacted the manning of several lines and it wasn’t possible to
maintain the observable optimized configuration any more.
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The second quality indicator was based on the number of recovery activities per-
formed to solve assembly errors before the quality gate. Supervisors observed a
reduction of the recovery activities for both shifts.

6 Discussion

Currently the management of human resources on the production line is decided by the
line supervisor, on the basis of his own judgement. The definition of a matching-matrix
would means shifting from a total subjective assessment to one empirically and the-
oretically grounded on evaluation of required workload and available capabilities. The
operational model application allowed an empirical quantification of WL and HC, but
the model itself is generalizable to other context and configurations. Figure 12 high-
lights how the WL differs along the assembly line even if all workstations are part of
system with a common tack time. In fact, WL varied from a value that goes from 11
(for workstation 1) to 28 (for workstation 15). Not only the total value of WL changes
along the line but also the individual factors contributing towards it shows a significant
degree of diversification. Some workstations were characterised by a small value of
individual variability (IV) index and a relevant value of individual Parts (IP) index (e.g.
workstation 16 and 17); while other workstations presented a small value of complexity
Index (CI) and IV but a high value of Physical Effort Index (PEI) (e.g. workstation 11).
This information shows how the skillset and capability required in term of human
resources can significantly change across similar workstations. The assessment of
Human Capability (HC) (summarized in Figs. 13 and 14), highlights how HC can
significantly vary among workers too. As an example Fig. 13 reports the best HC score
for an individual named “AC”, who scored a total value of 28, while worker “AK”
obtained the lowest HC score of 12; a significant gap is recorded between the two.
Worker AK had very low score in the memory (MI) and dexterity (DI) indexes but an
high score in Physical steadiness (PSI) and he can be allocated to those working-
stations with lower requirement in Dexterity, Memory and higher requirement in
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Physical Effort (e.g. working station 1 or 11). The matching matrix (Fig. 16) can be
used as an operational tool to identify the best matching worker-workstation and on the
basis of this information line supervisor modified the ordinary allocation for the line.
This operation involved more than 60% of the workforce. Managers authorised 1
month of trial during which quality indicators have been collected. The comparison of
quality data before and after the reconfiguration has been used to provide a preliminary
test of the proposed methodology. Results reported in Fig. 15 highlight that the month
of trial scored the best QI index reaching a value of 99%. Even the second quality
indicator gave positive results; supervisors monitored the number of recovery activities
and found a decrease of their frequency. Unfortunately they did not share a numerical
reporting of these activities and this observation remains qualitative. Positive remarks
in term of Quality indicators are correlated to human errors reduction during the
assembly process and this imply that the HP optimization based on the proposed model
can be improved. In addition the introduction of this reconfiguration on the daily
working routine was positive perceived and workers generally contributed the rear-
rangements. On the basis of these preliminary results, plant managers approved an
expansion of the project to demonstrate generalisation to more lines over a longer
period of time.

7 Conclusion and Future Work

This project was developed to give an effective contribution towards addressing Human
performance assessment for manufacturing tasks. The main scope of this work was to
develop a model to estimate Human Performance for an assembly process and propose
a model to leverage this information to optimize human resources allocation and
workstation assessment. This work was carried out using a theoretical approach that
was then operationalized to allow empirical data collection. This allowed the theoretical
Workload and Human capability assessment to be customised for the real working
condition under analysis. A preliminary test line, of 21 working station, was selected as
case study and 50 workers have been involved into the testing phase. On the basis of
the HP evaluation process a matrix workstations workers allocation was used. The
quality indicators collected and the comparison of quality data pre and post reconfig-
uration has been used to assess the validity of the proposed methodology. On the basis
of the preliminary results, plant Managers authorised an expansion of this action
research to more production lines in collaboration with the Quality and Production
Managers [34]. A set of 5 lines for 100 working stations has now been proposed
considering different issues reported by the quality management for recorded human
errors. The number of workers to be involved will rise to 340. On the basis of the
model results a process of workstations assessment and manning allocation will be
defined and a longer period of testing and monitoring will be allowed to discriminate
improvements simply due to the so called Hawthorn effect [35]. The results are going
to be monitored for a period longer than three months and they will be used to validate
and or modify the model, assess its generalization and to verify the possibility to
introduce individual motivation among the parameters being considered.
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