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Abstract. The objective of this research is to set the ground for new research
to measure the impact of Industry 4.0, by combining two types of analysis, that
of the performance, and that of the human behaviors, using experiments with
digital instruments. A preliminary test, then a first experiment focusing on stan-
dardization of operational processes are presented showing promising results to
understand how operational and human performance are impacted by the Industry
4.0. This study serves as a first step to a larger research project about productivity
measurement of Industry 4.0 transformation.
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1 Introduction

Since the 1980s, the socio-technical and techno-economical environments have under-
gone profound transformations, leading enterprises to adopt numerous technological
and organizational innovations. Research founds that these transformations performed
successfully when they include the human dimension to the technical dimension associ-
ated with the chosen innovation. This human dimension is emphasized in all the studies
dealing with the current industrial revolution named “Industry 4.0” [1] as a key element
to positively influence the impact of these transformations on the enterprises’ operational
performance.

Study of technological innovations and its impact on performance have been a reg-
ular topic of interests. Thanks to fast improvements gathered by innovations, practices
are constantly renewed, reshaped and put into perspective by the evolution of theo-
retical analysis. Today, given the gap between the expected performance and the real
performance after the adoption of one of these innovations, it seems appropriate to study
closely the characteristics of the so-called innovation with a focus on human behaviors.
These behaviors studied throughout the utilization and appropriation of the innovation
represent our units to explain this performance gap.
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The recent trend in research guide us in conducting experiments in an observational
platform, relatively similar to an industrial environment, gathering qualitative and quan-
titative data. The objective of this research is to set the ground for new research tomeasure
the impact of the current industrial revolution, by combining two types of analysis, that
of the performance, and that of the human behaviors, using digital instruments. The
first experiment based on a multidisciplinary approach focused on standardized work
transformation in operation processes.

2 State of the Art

Before embarking on experimentation, the literature review aims to define how Industry
4.0 influenced operations digitization and indirectly the human behaviors.

Hermann et al. [2] define Industry 4.0 as “a collective term for technologies and
concepts of value chain organization.” Industry 4.0 seems to develop more intelligent,
flexible, and dynamic factories by equipping manufacturing processes with sensors,
actors, and autonomous systems. In addition, manufacturing processes have the capac-
ity of fulfilling more complex and qualified standards and requirements of products,
making value-added integration occurs horizontally and vertically. Regarding the digiti-
zation of manufacturing process, Liao et al. [3] depicted research areas focusing onmore
human aspects: (1) Safety and Security: to ensure that production facilities and products
themselves do not pose a danger either to people or to the environment; (2) Work Orga-
nization and Design: to implement of a socio-technical approach for work organization
and design to offer workers the opportunity to enjoy greater responsibility and enhance
their personal development. In line with these recommendations, conducting research
on digitization of manufacturing processes require a socio-technical perspective.

Contrary to conventional belief, automation does not lead to less human interaction
or workerless production facilities; but the workers’ competencies requirements may
evolve. The evolution of workers’ role in their new industrial system is related to their
ability to take quick and efficient decision on production, orders… through intelligently
processed data. In this application, workers’ role in Industry 4.0 is the one of a decision
maker in production planning and control – with the help of a decision support assistance
system – or of a smart and enhancers operator [4]. Moreover, Liao et al. [3] recommen-
dations make it clear the relationship with the employee’s responsibility and autonomy.
This refers also to the work focusing on the relationship between Lean practices and
digitization of manufacturing processes [5]. Nevertheless, it exists few articles that dis-
cuss the adaptation of Jidoka principles, the one related to employee’s empowerment
[5] or its further benefits. So, the tension between the standardization of work and the
participation of employees in Industry 4.0 environment remains a crucial point in the
design of work organization.

In the current organizations, execution of the operational tasks is generally docu-
mented in a very descriptive and detailed way, thus forming a standardized work, the
first step to standardization. This standardized work enables processes to be consoli-
dated in a consistent, accurate and repeatable way, in order to reduce their variability
and simultaneously improve their performance. Maginnis [6] demonstrates that stan-
dardized work improves team productivity and team learning. Standardized work is not
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only a method of documentation, but it also allows the analysis of work situations. This
denotes the relationship between standardizedwork and problem solving that jointly pro-
motes incremental improvements. That is to say, looking at Industry 4.0, the interaction
between standardization, continuous improvement and technology enabling team learn-
ing and coordination needs to be explored. Research provides empirical evidence that
developing employee participation regarding their standardized work, fostering learn-
ing and knowledge sharing at an organization level can obtain greater benefits from
technologies adoption. According to this, our study focuses on human behaviors at an
operational level.

At the end of the literature review, the emergent questioning is formulated as follows:
when a technological or organizational innovation occurs, what is its impact from a
technical and behavioral point of view on the operational performance?

3 Methodology

The following methodology respects part of the research agenda proposed by Liao et al.
[3]. Previous research looking at the impact of innovations focused solely on perfor-
mance or solely on human behaviors. These same researches display either qualitative
or quantitativemethodological positioning but rarelymixed. This study, combining quan-
titative and qualitative data, is therefore built on an experiment including a series of trial /
error phases. The experimental environment is that of a learning factory, a dynamometer
lamp assembly line with a student audience to reduce bias related to the experiences of
professionals [6].

The observational platform is built on a training platform named DynEO, which
offers trainings in operations management. The experiment was built on the existing
environment while integrating new technologies and digital instruments to measure
industrial and human performance. Direct observations on operators’ behaviors helped
in the analysis of the influence of changing practices. The observational lab includes
non-invasive tools to reduce unwanted influence on behavior (biased observations). The
lab is also flexible, easily adaptable to various circumstances for testing a wide variety
of hypotheses. During the preliminary test, the following measurement equipment were
used: Tobii Eye Tracker, FaceReader, the Observer.

After the preliminary test, eye-tracking glasses were chosen because it helps study-
ing how people interact with their environment, what catches their attention, and what
influences decision making. This technology records gaze, saccades and fixation data of
workers, and thus enables insights about the thinking process. For the case study, sac-
cades represented an indicator for the visual search (stress level) and fixation represents
an indicator of cognitive processing (concentration level).

During the preliminary test, the efficiency between operators (experienced vs not-
experienced) in the assembly of a lamp was differentiated. Both workers wore the eye
tracking glasses, and their faces were filmed for real-time analysis of facial expressions.
A camera was placed in front of the face of the operator, whereas a first scene camera
recorded the global area of the workplace. A second scene camera integrated in the
portable eye tracker recorded in detail the direction of the gaze of the participant. It was
decided to manually code in The Observer the video from the Tobii glasses. Behaviors
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coded were ‘task’ (start, stop) and ‘Regions of Interest’ (main body, other components,
tools, elsewhere).

The preliminary test helped us design the first experiment (Fig. 1). The experimental
protocol was defined in conjunction with the performance and behavior factors to be
measured. In our study on the use of standardized work, the differentiation between
the handwritten standards (paper standard) used until now and the introduction of a
technological innovation is materialized by the use of an interactive tablet on which the
standard is available (digital standard). Experimentation related to the introduction of
this digital standard was initially carried out on reference groups and will be extended
over several test groups to ensure the validity and potential generalization of the results.

Fig. 1. Preliminary test and raw data.

4 Results

The preliminary test showed us that the students are using standardized work (SW)
during their training and are mostly looking at visual components: 96% of their time is
spend on looking at the visual/images included in the standard (Table 1). However, the
comparison between the measured value of emotions and the one verbalized by students
showed that measured value itself is not relevant. The variability of measured emotions
throughout the preliminary test can be related to the one verbalized. So, the emotion
variability can represent an indicator of work’s impact on the student. Emotions will not
be measured in the following experiment.

The results of the experimentation can be summarized as follows: in general, students
use the standard support (paper and digital) during the training phase and sporadically
during the second phase (quality). During the third phase (performance), students per-
form the task entirely from memory without consulting the support, which can have an
impact on the sequence followed and the resulting quality (Table 2). The observations
showed that students following the paper support come back to it when necessary and
produce better lamps in terms of quality requirements. Conversely, students following
the digital support have difficulty in delivering flawless lamps. The paper support seems
to help identify quickly quality issues.
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Table 1. Comparative results from the preliminary test.

Operator 1 Operator 2

Experimented Beginner

Short execution Long execution

Stable emotions
High concentration on the body
Stable Heart Rate

Variable Emotions
High concentration on components
Variable Heart Rate

Student’s perception was gathered throughout a survey: all consider that the tasks
require a strong and permanent concentration. Students prefer the paper standard which
gives them more flexibility. They showed less signs of incomprehension and seemed
more focused. Depending on the standard used, a variation in the perception of the
necessary time to achieve the task was noticeable (too short for those who use the digital
standard). Thosewho used the digital standard questioned the given autonomywhen they
identified a problem to solve. If they identify a situation not foreseen by the standard,
they find themselves stuck and call for outside help.

Table 2. Comparative data from paper standard and the digital standard utilization.

Phase 1 (30′) Ph. 2 (30′) Ph. 3 (30′)

Time on
support (t)

Nb of saccades
(s)

Nb of fixations
(f)

Quality (Q) t Q t Q

Paper support 31%
σ = 6,1

37
σ = 3,5

15
σ = 1,5

50%
σ = 8,7

4%
σ = 1,8

92%
σ = 6,7

3%
σ = 1,4

89%
σ = 10,5

Digital support 25%
σ = 3,5

21
σ = 3

10
σ = 1,7

20%
σ = 18

7%
σ = 2,7

32%
σ = 17

0%
σ = 0

40%
σ = 21,9

In the end, these three phases enabled us to observe a real difference in training,
and therefore in performance according to the standards used. Because of its speed
constraints, the digital standard does not attract students’ attention during the key phases
of learning. Conversely, the paper standard ensures a quality training, but slower. Finally,
the paper standard is open to more criticisms or way to improve it which seems to
foster student creativity while improving knowledge of the tasks performed. A next step
would be to mix the utilization of digital and paper support according to the training and
executing phases.

This experiment had some limitations: the sample was homogenous but small (about
twenty students). Some of the data should be used with caution as some are based on
subjective judgments (video coding, perception evaluated by a survey), on the capacity
of each individual to follow a standard and the associated reactions (even if data were
triangulated to limit the subjectivity). The results can vary greatly from one individual
to another. It will be necessary to repeat the experiment on a larger sample. In addition,
the measurement of emotions through image processing software can provide a better
exhaustiveness of human behaviors interpretations.
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5 Conclusion

This study serves as a first step to a larger research project about productivity measure-
ment of Industry 4.0 transformation. The results showed promising data at the crossroad
between performance and human behaviors. There are currently not a lot of studies about
eye-tracking glasses technology applied in manufacturing environment, but the benefits
of this technology are becoming a stimulating topic for researchers. A question remains
unanswered: is the digital standardization about automate the management of work or
automate the work itself?
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