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Abstract

Learning factories play an important role when studying multi-disciplinary problems. Such a problem is to support operators in
multi-variant assembly. Multi-variants cause problems with product quality, production time as well as cognitive load and
therefore it is important to find ways to support operators in this context. To assess the effects of multi variants, a design concept
were developed in a learning factory environment (SIILab, CPPS-testbed). The concept was constructed at a conveyer belt with
three assembly stations using Casat software for instruction presentations. The following aspects were included in the human-
centered learning factory: studying the introduction of advanced automation, managing product variety, supporting operators in
finding information and supporting existing human-automation interactions.

© 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 8th Swedish Production Symposium.

Keywords: human-centered design, multi-variant, assembly, CPPS-testbed; learning factories.

1. Background

Digitalization and Industry 4.0 trends are transforming operators’ traditional working environment through
increased symbiosis with higher levels of automation and an increased number of different work tasks [1-4]. These
trends will increase the complexity of the production system and the need for understanding the operator in such a
system [5-7]. Assembly systems are complex partly due to a high product variety [8-11] and since operators are
flexible and can manage fast and dynamic changes [12-14] the operator is an invaluable resource [7]. High demands
are placed on the operator [15] and therefore companies need to be attentive to operator perceptions and work
environment [16,17].

Advances in cognitive automation due to digitalization are e.g. digital tools [18,19], VR glasses [20], visual
computing [21] and an increased number of cobots and human-robot collaboration [22-24]. Cognitive automation is
defined as “technical solutions helping the operator, e.g. HOW and WHAT to assemble and situation control” [25].
The use of Information and Communications Technology systems in manufacturing increases rapidly as these
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systems become more capable and inexpensive [26]. However, although these smart technologies exist, they are not
fully adapted to the manufacturing industry [27].

Production companies are encouraged to start industrial projects to enable implementations of smart factories
[28]. Smart factories include supply networks and warehousing systems, decision-making support for both machines
and the production, better control of the engineering processes and a dynamic business models [29]. Since many
new smart technologies are emerging, there is a need to test and show implementations of these solutions in industry
[27,30,31]. One way to do this is to develop learning factories where companies can, together with academia
develop scenarios that are similar to their own production facilities [32]. This way personnell can also train in a
realistic manufacturing environment.

The aim of this paper is to develop a learning factory concept that can be used to investigate relevant human-
centered issues in complex assembly. The concept is tested in a separate article, focusing on the experiment set-up,
in Li et al. [33]. Important issues are presented in the following section.

2. Learning factory concept

Important issues connected to multi-variant assembly are adaptive automation and decision-making [2-4] and the
learning factory should therefore consider the following:

* The introduction of advanced automation. Levels of automation should be adapted to the operator so that the
human will perform tasks that are best adapted to the human (and not given left-over automation such as loading
a machine) [25,34]. In addition, it is important to consider interoperability [35].

* Production complexity. Increasing product variety also increases the importance of the role of humans [36] since
they are flexible and can handle the complex and dynamic context [13,14]. In addition, there are high demands
on flexible workstations, which means that there are many different types of tools on the same station. One way
to manage complexity is to reduce or simplify [37,38].

* Finding information. In today’s systems it is difficult to find the information. This is partly due to information
overload and the operator is therefore less informed than before [39].

* Existing interactions between human and automation needs support [40] due to that it is frequently seen to cause
problems [41,42]. Since it is difficult to know what are the cause and effects of interactions [43], relevant factors
should be assessed.

To handle these issues in future systems, a human centered approach is needed [44,45]. Human-centered design
(HCD) places the human in center when designing a system. A human centered system should support both physical
and cognitive aspects of work [34,46], which make the system more usable so that the operator can function at the
highest and safest possible level [47,48]. The advantages of having a usable system are: increased productivity,
reduced errors, reduced training and support, improved acceptance, enhanced reputation, improved satisfaction and
motivation [49]. The ISO 9241-210 defines HCD as “an approach to systems design and development that aims to
make interactive systems more usable by focusing on the use of the system and applying human factors/ergonomics
and usability knowledge and techniques”[50]. A learning factory provides an opportunity for testing various HDC
approaches with focus on Industry 4.0 operator.

In assembly, cognitive capabilities are often not considered [51-53], and one consequence of that may be that
usability factors, which are not included in the production system design. To manage production complexity,
complexity can be reduced or avoided through simplifying information presentation [37,38]. Information should
therefore be presented according to the operators’ active cognitive processes [53]. When the operator is assembling
the active cognitive process is intuition and no demanding problem-solving or searching for information should be
carried out. This means that text-instructions will not support assembly work. Further task-based information should
be presented when and where the operator needs it [54,55], thereby simplifying information presentation.

Today work instructions are often text-based and not connected to the operators learning phase [56,57]. Although
studies point towards that an increased learning can be seen with digital tools [18,58-61], learning is often done by
tutors or mentors at production companies.
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2.1. Assessed variables

As part of the CPPS-testbed environment established at the SIILab at Chalmers University of Technology, an
assembly system design was set up. The concept consists of a continuous assembly line, connected through a
conveyor belt, with three stations that could be manually operated or operated by a cobot (collaborative robot), see
Figure 1. Each station is equipped with a touch screen monitor that is used for displaying assembly instructions. The
work instructions are displayed though Casat software via a web browser. The web browser is also used for data
acquisition through Casat software. The aim of the concept is to support research and secondly to serve as a test
environment for operators. The learning targets are to support mainly cognitive capabilities. The cognitive
capabilities are connected to how instructions can aid the operator in a multi-variant assembly context. The
following aspects should therefore be included in the concept: effect of multi-variants (a randomized order),
different information contents, diverse experience levels and different types of assembly stations (where cycle times
and types of components vary).

Fig. 1. Learning factory concept set up with three assembly stations.

To be able to study how operators are affected by different product variants presented in different ways (text and
text and picture) the following output variables are suggested: Number of Parts Assembles Correctly (NPAC), cycle
time, CXI, information quality, NASA TLX and physiological data. NPAC was used as a measurement to assess the
quality of assembly work, which considers how well the assembly operator manages to assemble the products (was
also used in previous experiments e.g. in [62]). The NPAC values, which are non-negative integers, are calculated
by deducting the incorrectly assembled parts from the total number of parts for each assembly station. Efficiency is
assessed through Number of Parts Assembles Correctly (NPAC), cycle time and number of disturbances (small and
bigger). Cycle time is the total time taken to produce one unit from start to finish. For experimentation purpose,
cycle time at each satiation is used for assessing impact of operator performance on overall performance of the
system. CXI, information quality and NASA-TLX [63] can be captured through a survey filled in after the assembly.
CXI is a method used to assess perceived production complexity at a station level [64]. Some of the questions,
previously used to investigate the impact of disturbance handling were used to study the complexity level at each of
the stations. The information quality of the provided information, i.e. instructions, as perceived by the operators, are
mainly assessed by a survey filled out by the participants after the experiments, focused on these aspects of
information quality [65]: comprehensiveness, validity, timeliness, accuracy, relevance and accessibility.
Physiological data is assessed through Empatica’s device E4 which measures skin conductance, blood pulse volume
(derived from heart rate variability), heart rate and skin temperature. The E4 was previously used to assess operator
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wellbeing and empirical results pointed to that a combination of electro dermal activity and blood pulse volume
were reliable and useful in industrial applications [66].

2.2. Work instructions and products

The work instructions are created using Casat software, which has a built-in function for methods-time
measurement (MTM) and station balancing. The MTM approach prompted that all of the intended movements made
by operators during assembly, as a standardized assembly method, were assessed with regards to time and entered as
a row in the Casat software. One or several of these rows combined constitute a task that is represented with picture
and text in the work instructions. These factors influenced the creation of the work instructions. Further, the Casat
software also facilitates viewing of work instructions through a web browser, which can be used during experiments
or tests.

The chosen product was a LEGO gearbox, which can be seen in Fig. 2. This gearbox has been used in previous
experiments and is therefore a relevant product e.g. 50 experiments were carried out to investigate how emotions
and cycle time and affected operator performance and experience [62,66,67] and then 10 additional experiments
were then carried out and it was seen that productivity and satisfaction were increased. Additional experiments have
been carried out studying what type of instruction is connected to the lowest learning time and maintained quality
[68].

The product variants for the learning factory concept were designed to be similar to each other with regards to
assembly method in order to retain comparability between variants, but contain some differences, enough to create a
cognitive challenge in order to be able to evaluate the possible support effects of the work instructions.

Fig. 2. The products used in the experiments, LEGO gearboxes: (a) variant A; (b) variant B; and (c) variant C.

Further, the product variants should be modular enough to able to be balanced across three workstations, and still
maintain the possibility to assess the quality of assembly work for each of the three stations, i.e. it should be able for
operators at later stations to assemble correctly even if operators at earlier stations have made mistakes. The
balanced distribution of the three assembly stations can be seen in Fig. 3, where variant A stands as an example.
variants B and C are balanced similarly. It is noteworthy that station 2 has a slightly longer nominal assembly time
in comparison to the other stations.

Fig. 3. The balanced distribution of product variant A across the three assembly stations: (a) station 1; (b) station 2; and (c) station 3.
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In the learning factory concept physical aspects are considered in terms of height and reachability. The assembly
station is adapted to the operator height and also the screens are placed in such a way so that information is
presented in line of sight.

3. Discussion

In this paper a concept for human-centered learning factories was developed. The results from experiments
performed with students were that the Casat software is useful for presenting work instructions although some bug
fixes are needed [33]. In addition, the number of variants were few in the experiment and should be increased to
assess differences in the effect of multi-variants. Now the number of variants was three and the assembly work was
considered as moderately complex assessed using parts of the CXI method.

In the experiments it was seen that cognitive load was connected to work instruction content. This indicates that
the NASA-TLX assessment, CXI and information quality is useful in assessing human-centered aspects of learning
factories.

By considering usability and HCD the workstation a higher efficiency and better ergonomics for the operators
can be achieved [47,48]. Applying HCD solutions that personalize a working environment could help attract new
work force as well as handle problems with short-term working personnel and long-term sick leaves. To avoid that
companies invest in solutions that does not fit them, learning factories can be used to increase knowledge of the best
appropriate solution.

A concept design for human-centered learning factories should include the following:

* Investigations of the introduction of advanced automation [25,34]. This can be studied through using survey
tools such as CXI, NASA-TLX, interviews and the Information quality.

*  Management of the increasing product variety [36]. Perceived production complexity should be investigated and
managed in a learning factory e.g. by CXI or interviews. Since it is difficult to avoid complexity due to that a
high product variety cannot be reduced complexity can instead by reduced through balancing tasks so that the
assembly content is fewer at each station. In the concept presented in this paper the product variety was
supported through presenting three variants balanced at three stations.

* Support in finding information [39]. A learning factory should present information according to the operators’
cognitive processes [53]. This could be done by using both pictures and text and reduce and simplify the
instructions so that only the necessary information is presented. This was supported through real-time
information presentation. In addition, instructions for learning should include additional information e.g. why the
assembly is carried out in that manner [70].

* Support of existing interactions between humans and automation [40-42]. The interaction between humans and
automation in the learning factory should be supported through real-time information support and visual
feedback. In the learning factory concept pick-and-place operations were supported through cognitive
automation support (through text or screen) and operators could see each other, which increases their
communication possibilities.

The suggested concept design thereby supports aspects of human-cantered design. Specifically, the cognitive aspects

were in focus in the development that could increase the support of cognitive capabilities (which are seen lacking

today [51-53]).

4. Conclusions

To optimize the output from future learning factories experiments, it is important to be sure what companies want
and need. Since the test environments can be designed to capture many aspects of production work this is crucial in
order to produce relevant experiment results. In this paper a human-centered learning factory concept was developed
that specifically focused on cognitive capabilities. With introduction of Industry 4.0, challenges and difficulties
faced by operators in production are also changing. The learning factory environment provides a good platform to
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overcome these new challenges. Moreover, learning factories can also be used for testing new methods and design
concepts that can be used for human-centered production.

Acknowledgements

This work has been carried out within the Sustainable Production Initiative and the Production Area of Advance
at Chalmers. The support is gratefully acknowledged. The research has been carried out within the research project
Demonstrating and testing smart digitalization for sustainable human-centered automation in production at the Stena
Industry Innovation Laboratory.

References

[1] Romero, D.; Noran, O.; Stahre, J.; Bernus, P.; Fast-Berglund, A. Towards a Human-Centred Reference Architecture for Next Generation
Balanced Automation Systems: Human-Automation Symbiosis. In [FIP International Conference on Advances in Production
Management Systems, 2015, 556-566.

[2] Straeter, O.; Arenius, M. Assessing the Complex Interaction and Variations in Human Performance Using Nonmetrical Scaling Methods. In
Numerical Methods for Reliability and Safety Assessment - Multiscale and Multiphysics Systems; Springer International Publishing,
2015; pp.

[3] Banks, V. A.; Stanton, N. A.; Harvey, C. Sub-systems on the road to vehicle automation: Hands and feet free but not ‘mind’ free driving.
Safety Science 2014, 62, February 2014, 505-514, DOI: 10.1016/j.ss¢i.2013.10.014.

[4] Fereidunian, A.; Lesani, H.; Zamani, M. A.; Kolarijani, M. A. S.; Hassanpour, N.; Mansouri, S. S. 4 complex adaptive system of systems
approach to Human-Automation Interaction in smart grid. In Contemporary Issues in Systems Science and Engineering; John & Sons,
Inc.: Hoboken, New Jersey, 2015; pp. 888; 978-1-118-27186-5.

[5] Brinzer, B.; Banerjee, A.; Hauth, M. Complexity Thinking and Cyber-Physical Systems. SSRG International Journal of Industrial
Engineering 2017, 4, 1, 14-20, DOI: 10.14445/23499362/1JIE-V411P103.

[6] Griffin, M. A.; Neal, A.; Parker, S. K. A new model of work role performance: Positive behavior in uncertain and interdependent contexts.
Academy of management journal 2007, 50, 2,327-347.

[71 Toro, C.; Barandiaran, I.; Posada, J. A Perspective on Knowledge Based and Intelligent Systems Implementation in Industrie 4.0. Procedia
Computer Science 2015, 60, 362-370, DOLI: https://doi.org/10.1016/j.procs.2015.08.143.

[8] Orfi, N.; Terpenny, J.; Sahin-Sariisik, A. Harnessing Product Complexity: Step 1—Establishing Product Complexity Dimensions and
Indicators. The Engineering Economist: A Journal Devoted to the Problems of Capital Investment 2011, 56, 1, 59-79, DOI:
10.1080/0013791X.2010.549935.

[91 Schleich, H.; Schaffer, J.; Scavarda, L. F. Managing Complexity in Automotive Production. In 19th International Conference on Production
Research (ICPR-19), Valparaiso, Chile, 29 July - 2 August, 2007.

[10] Hu, J. S.; Zhu, X.-w.; Wang, H.; Koren, Y. Product variety and manufacturing complexity in assembly systems and supply chains. CIRP
Annals -  Manufacturing  Technology 2008, 57, 2008, 45-48, DOI: 10.1016/j.cirp.2008.03.138.  Available:
http://www.sciencedirect.com/science/article/BSCXH-4SG559]-2/2/ca7e54be051ac5¢75267186df3418aba.

[11] MacDuffie, J. P.; Sethuraman, K.; Fisher, M. L. Product Variety and Manufacturing Performance: Evidence from the International
Automotive Assembly Plant Study. Management Science 1996, 42, 3, 350-369, DOI: 10.1287/mnsc.42.3.350.

[12] Billings, C. E. Aviation Automation: The Search for a Human-Centered Approach; Lawrence Erlbaum Associates: Mahwah, New Jersey,
USA, 1997.

[13] Jensen, P. L.; Alting, L. Human Factors in the Management of Production. CIRP Annals - Manufacturing Technology 2006, 55, 1, 457-460,
DOI: 10.1016/S0007-8506(07)60458-2.

[14] Fasth, A.; Lundholm, T.; Martensson, L.; Dencker, K.; Stahre, J.; Bruch, J. Designing proactive assembly systems — Criteria and interaction
between Automation, Information, and Competence. In Proceedings of the 42nd CIRP conference on manufacturing systems Grenoble,
France, 3-5 June, 2009.

[15] Falck, A.-C.; Ortengren, R.; Rosenqvist, M.; Soderberg, R. Proactive assessment of basic complexity in manual assembly: development of a
tool to predict and control operator-induced quality errors. International Journal of Production Research 2017, 55, 15, 4248-4260,
DOI: 10.1080/00207543.2016.1227103.



532 Sandra Mattsson et al. / Procedia Manufacturing 25 (2018) 526-534

[16] Grote, G. Uncertainty management at the core of system design. Annual Reviews in Control 2004, 28, 2004, 267-274, DOIL
10.1016/j.arcontrol.2004.03.001. Available: http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-
8344270067 &partnerID=40&rel=R7.0.0.

[17] Mavrikios, D.; Karabatsou, V.; Pappas, M.; Chryssolouris, G. An efficient approach to human motion modeling for the verification of
human-centric product design and manufacturing in virtual environments. Robotics and Computer-Integrated Manufacturing 2007,
23, 5, 533-543, DOI: 10.1016/j.rcim.2006.05.009.

[18] Fast-Berglund, A.; Blom, E. Evaluating ICT-Tools for Knowledge Sharing and Assembly Support. In Proceedings of the Sth International
Conference on Applied Human Factors and Ergonomics AHFE 2014, Krakow, Poland 19-23 July 2014, 2014.

[19] Xu, L. D.; He, W.; Li, S. Internet of Things in Industries: A Survey. [EEE TRANSACTIONS ON INDUSTRIAL INFORMATICS 2014, VOL.
10, NO. 4.

[20] Langley, A.; Lawson, G.; Hermawati, S.; D'Cruz, M.; Apold, J.; Arlt, F., ef al. Establishing the Usability of a Virtual Training System for
Assembly Operations within the Automotive Industry. Human Factors and Ergonomics in Manufacturing & Service Industries 2016,
26, 6, 667-679, DOI: 10.1002/hfm.20406.

[21] Posada, J.; Toro, C.; Barandiaran, I.; Oyarzun, D.; Stricker, D.; Amicis, R. d., et al. Visual Computing as a Key Enabling Technology for
Industrie 4.0 and Industrial Internet. [EEE Computer Graphics and Applications 2015, 35, 2, 26-40, DOI: 10.1109/MCG.2015.45.

[22] Michalosa, G.; Makrisa, S.; Tsarouchia, P.; Guaschb, T.; Kontovrakisa, D.; Chryssolouris, G. Design considerations for safe human-robot
collaborative workplaces. In CIRPe 2015 - Understanding the life cycle implications of manufacturing, 2015.

[23] Wang, X. V.; Mohammed, A.; Wang, L. Cloud-based Robotic System: Architecture Framework and Deployment Models. In Flexible
Automation and Intelligent Manufacturing, FAIM2015, Wolverhampton, UK, 2015.

[24] Surdilovic, D., Schreck, G. and Schmidt, U. Development of Collaborative Robots (COBOTS) for Flexible Human-Integrated Assembly
Automation. In 4/st International Symposium on and 2010 6th German Conference on Robotics (ROBOTIK), 2010, 1-8.

[25]Fast-Berglund, A.; Stahre, J. Cognitive automation strategy for reconfigurable and sustainable assembly systems. Assembly automation 2013,
33, 3,294-303, DOI: 10.1108/AA-12-2013-036.

[26] Kolbeinsson, A.; Lindblom, J.; Thorvald, P. Missing mediated interruptions in manual assembly: Critical aspects of breakpoint selection.
Applied Ergonomics 2017, May, 61, 90-101, DOI: 10.1016/j.apergo.2017.01.010.

[27] Weyer, S.; Schmitt, M.; Ohmer, M.; Gorecky, D. Towards Industry 4.0 - Standardization as the crucial challenge for highly modular, multi-
vendor production systems. /FFAC-PapersOnLine 2015, 48, 3, 579-584, DOI: https://doi.org/10.1016/j.ifacol.2015.06.143.

[28] Cimini, C.; PintoGiuditta, R.; Gaiardelli, P. The Transition Towards Industry 4.0: Business Opportunities and Expected Impacts for
Suppliers and Manufacturers. In IFIP Advances in Information and Communication Technology, 513; Springer, Cham, 2017; pp.
119-126; 978-3-319-66923-6. Available: https://link.springer.com/chapter/10.1007/978-3-319-66923-6_14#citeas.

[29]Monostori, L.; Kadar, B.; Bauernhansl, T.; Kondoh, S.; Kumara, S.; Reinhart, G., et al. Cyber-physical systems in manufacturing. CIRP Ann.
- Manuf. Technol. 2016, 65, 2, 621-641.

[30] Whitmore, A.; Agarwal, A.; Da Xu, L. The Internet of Things—A survey of topics and trends. Information Systems Frontiers 2015, 17, 2,
261-274, DOLI: https://doi.org/10.1007/s10796-014-9489-2.

[31] Guler, S. D.; Gannon, M.; Sicchio, K. A Brief History of Wearables. In Crafting Wearables: Blending Technology with Fashion; Apress:
Berkeley, CA, 2016; pp. 3-10; 978-1-4842-1808-2.

[32] Abele, E.; Metternich, J.; Tisch, M.; Chryssolouris, G.; Wilfried Sihn; EIMaraghy, H., et al. 2015. In The 5th Conference on Learning
Factories 2015, Bochum, Germany, 7-8 July, Learning Factories for research, education, and training; Kreimeier, D., 155.

[33] Li, D.; Mattsson, S.; Salunkhe, O. Effects of Information Content in Work Instructions for Operator Performance. In submitted to 8th
Swedish Production Symposium (SPS 2018), Stockholm, Sweden, 16-18th May, 2018.

[34] Romero, D.; Bernus, P.; Noran, O.; Stahre, J.; Fast-Berglund, A. The Operator 4.0: Human Cyber-Physical Systems & Adaptive Automation
Towards Human-Automation Symbiosis Work Systems. In Advances in Production Management Systems. Initiatives for a
Sustainable World: IFIP WG 5.7 International Conference, APMS 2016, Iguassu Falls, Brazil, September 3-7, 2016, Revised Selected
Papers; Springer International Publishing: Cham, 2016; pp. 677-686; 978-3-319-51133-7.

[35] Akerman, M.; Fast-Berglund, A.; Halvordsson, E.; Stahre, J. Modularized assembly system: A digital innovation hub for the Swedish Smart
Industry. Manufacturing Letters 2018, DOI: https://doi.org/10.1016/j.mfglet.2018.01.004.

[36] Oborski, P. Social-technical aspects in modern manufacturing. International Journal of Advanced Manufacturing Technology 2003, 22, 11-
12, 848-854, DOI: 10.1007/s00170-003-1573-6.

[37] Corbett, L. M.; Brocklesby, J.; Campbell-Hunt, C. Thinking and Acting: Complexity Management for a Sustainable Business. In
Manufacturing Complexity Network Conference, Cambridge, UK, 2002.



Sandra Mattsson et al. / Procedia Manufacturing 25 (2018) 526-534 533

[38]Kaluza, B.; Bliem, H.; Winkler, H. Strategies and Metrics for Complexity Management in Supply Chain; Erich Schmidt Verlag: Berlin, 2006.

[39] Endsley, M. R. Theoretical underpinnings of situation awareness: a critical review from situation awareness analysis and measurement,
2000.

[40] Klein, G.; Woods, D. D.; Bradshaw, J. M.; Hoffman, R. R.; Feltovich, P. J. Ten Challenges for Making Automation a "Team Player" in Joint
Human-Agent Activity. [EE Intelligent Systems 2004, 19, 6, 91-95.

[41] Sheridan, T. B. Human centred automation: oxymoron or common sense? In Intelligent Systems for the 21st Century, IEEE international,
22-25 October, 1995, 6.

[42] Sarter, N. B.; Woods, D. D.; Billings, C. E. Automation Surprises, 2, ed., 1997.

[43] Fast-Berglund, A.; Mattsson, S.; Bligard, L.-O. Finding Trends in Human-Automation Interaction Research in Order to Formulate a
Cognitive Automation Strategy for Final Assembly. Internationel Journal of Advanced Robotics and Automation 2016, 1, 2, 2473-
3032. Available: http://www.symbiosisonlinepublishing.com/robotics-automation/robotics-automation11.php.

[44] Endsley, M. R. Designing for situation awareness: An approach to user-centered design; CRC press, 2016; 1420063588.

[45] Hendrick, H.; Kleiner, B. Macroergonomics: an Introduction to Work System Design, 2001; 0---945289--—14---6.

[46] Guide to improving the work environment. vol. ADI 683 Eng, Authority, S. W. E., Ed.”Eds., ed. Stockholm: Swedish Work Environment
Authority, 2016.

[47] Earthy, J.; Jones, B. S.; Bevan, N. The improvement of human-centred processes-facing the challenge and reaping the benefit of ISO 13407.
International Journal of Computer Studies 2001, 55, 553-585, DOI: 10.1006/ijhc.2001.0493.

[48] Harte, R.; Glynn, L.; Rodriguez-Molinero, A.; Baker, P. M.; Scharf, T.; Quinlan, L. R., ef al. A Human-Centered Design Methodology to
Enhance the Usability, Human Factors, and User Experience of Connected Health Systems: A Three-Phase Methodology. JMIR Hum
Factors 2017, 4, 1, DOI: 10.2196/humanfactors.5443.

[49] Maguire, M. Methods to support human-centred design. International Journal of Human-Computer Studies 2001, 55, 587-634, DOI:
10.1006/ijhc.2001.0503.

[50] Standardization, 1. O. f. ISO 9241-210. In Ergonomics of human-system interaction -- Part 210: Human-centred design for interactive
systems, Ed.”Eds., ed. Geneva, Switzerland: International Organization for Standardization, 2010.

[51] Thorvald, P.; Hogberg, D.; Case, K. The Effect of Information Mobility on Production Quality. International Journal of Computer
Integrated Manufacturing 2014, 27, 2, 120-128.

[52] Béckstrand, G.; Brolin, A.; Hogberg, D.; Case, K. Supporting Attention in Manual Assembly and its Influence on Quality. In Proceedings of
3rd Applied Human Factors and Ergonomics (AHFE) International Conference, Miami, USA, 17-20 July, 2010; Karwowski, W. and
Salvendy, G., 460-469.

[53] Mattsson, S.; Fast-Berglund, A. How to support intuition in complex assembly? In 26th CIRP Conference, Stockholm, Sweden, 15-17th
June, 2016.

[54] Fissberg, T.; Berglund, A. F.; Mattsson, S.; Stahre, J. Cognitive automation in assembly systems for mass customization. In 4th Swedish
Production Symposium, Lund, Sweden, 2011.

[55] Mattsson, S.; Fast-Berglund, A.; Li, D. Evaluation of Guidelines for Assembly Instructions. In 8th IFAC conference on Manufacturing,
Modelling, Management & Control (MIM 2016), Champagne, France, 28-30th June 2016, 2016.

[56] Fast-Berglund, A.; Stahre, J. Task allocation in production systems - Measuring and Analysing Levels of Automation. In I2th
IFAC/IFIP/IFORS/IEA Symposium on Analysis, Design, and Evaluation of Human-Machine Systems, Las Vegas, USA, 2013, pp. 435-
441..

[57] Fast-Berglund, A., Akerman, Magnus, Mattsson, Sandra, Johansson, Pierre, Malm, Anna, Perenstil-Brenden, Anna. CREATING
STRATEGIES FOR GLOBAL ASSEMBLY INSTRUCTIONS — CURRENT STATE ANALYSIS. In The sixth Swedish Production
Symposium, 2014.

[58] Watson, G.; Butterfield, J.; Curran, R.; Craig, C. Do dynamic work instructions provide an advantage over static instructions in a small scale
assembly task? Learning and Instruction 2010, 20, 1, 84-93, DOI: http://dx.doi.org/10.1016/j.learninstruc.2009.05.001.
Available: http://www.sciencedirect.com/science/article/pii/S0959475209000541.

[59] Blom, E. QR Codes and Video Instructions: Mobile Learning in an Industrial Setting. Institutionen for tillimpad informationsteknologi,
Gothenburg, 2014.

[60] Thorvald, P.; Brolin, A.; Hogberg, D.; Case, K. Using mobile information sources to increase productivity and quality. In Advances in
Cognitive Ergonomics; CRC Press (Taylor & Francis): Boca Raton, FL, 2010; pp. 450-459.

[61] Fissberg, T.; Nordin, G.; Fasth, A.; Stahre, J. iPod Touch - an ICT tool for assembly operators in factories of the future? In Proceedings of
the 43rd CIRP International Conference On Manufacturing Systems (ICMS), Vienna, Austria, 2010.



534 Sandra Mattsson et al. / Procedia Manufacturing 25 (2018) 526-534

[62] Li, D.; Landstrom, A.; Mattsson, S.; Karlsson, M. How changes in cognitive automation can affect operator performance and productivity.
In The sixth Swedish Production Symposium 2014, SPS14, Gothenburg, Sweden, September 16-18, 2014.

[63] Colligan, L.; Potts, H.; Finn, C.; Sinkin, R. Cognitive workload changes for nurses transitioning from a legacy system with paper
documentation to a commercial electronic health record. Internationel Journal of Medical Informatitcs 2015, 84, 7, 469-476, DOI:
10.1016/j.ijmedinf.2015.03.003.

[64] Mattsson, S.; Tarrar, M.; Fast-Berglund, A. Perceived Production Complexity — understanding more than parts of a system. International
Journal of Production Research 2016, 54, 20, DOI: 10.1080/00207543.2016.1154210.

[65] Kehoe, D. F., Little, D., & Lyons, A. C. Measuring a company IQ. In Competitive Performance Through Advanced Technology, July, 1992,
p. 173-178.

[66] Mattsson, S.; Fast-Berglund, A.; Akerman, M. Assessing Operator Wellbeing through Physiological Measurements in Real-Time—Towards
Industrial Application. Technologies Special Issue: Personal Health and Wellbeing Intelligent Systems Based on Wearable and
Mobile Technologies 2017, 5, 4, 61, DOI: doi:10.3390/technologies5040061.

[67] Soderberg, C.; Johansson, A.; Mattsson, S. Design of Simple Guidelines to Improve Assembly Instructions and Operator Performance. In
Swedish Production Symposium 2014, SPS14, Gothenburg, Sweden, September 16-18, 2014.

[68] Dean, A.; Nordstrom, L.; Sthen, D.; Tallroth, F. Kan en instruktion ersdtta mansklig handledning vid uppldrning av montdrer? Bachelor
Institutionen for Produkt och produktionsutveckling, Chalmers Goéteborg, Sverige, 2014.

[69] Parasuraman, R.; Sheridan, T. B.; Wickens, C. D. A model of types and levels of human interaction with automation. Systems, Man and
Cybernetics: Systems and Humans, IEE Transactions on 2000, 30, 3, 286- 297.

[70] Mattsson, S. Towards increasing operator wellbeing and performance in complex assembly. Doctoral Industrial Materials and Science,

Chalmers University of Technology, Gothenburg, Sweden, 2018.



