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Abstract. In the context of Industry 4.0, the digital twin offers a wide range of
usage and application for manufacturers. However, digital twin designers focus
more on taskwork, despite teamwork, the process by which the human agent and
the digital twin cooperate. In this proposal, we consider this cooperation through
Human-Autonomy Teaming (HAT). To build this cooperation, it is necessary to
identify needs centered on the human agent, rather than technical solutions, i.e.,
the means to achieve these needs. For this purpose, we propose a prospective
method based on the HAT framework, enabling human agents to project them-
selves into the future and imagine cooperation with the digital twin. Applied to
planning maintenance activity, we compared two ideation conditions: an opened-
condition and a guided-condition based on the KHO-KHC model. Thanks to the
pre-experience provided by the KHO-KHC model, we hypothesized that guided-
condition ideation will enable the expression of needs rather than technical solu-
tions. The results showed that the opened-condition ideation and the guided-con-
dition ideation enabled human agents to think about their future cooperation with
the digital twin. Nevertheless, the guided-condition ideation resulted in the ex-
pression of more needs than technical solutions. Conversely, the opened-condi-
tion ideation allowed the expression of more technical solutions than needs. The
results are discussed in terms of methodological contribution to prospective er-
gonomics.

Keywords: Human-Autonomy Teaming, Prospective Ergonomics, Digital
Twin

1 Human-Autonomy Teaming to characterize Cooperation
between Digital Twin and Human Agent

In the context of digital transformation, the digital twin offers a wide range of digital
services. As a result, a vast field of possibilities is emerging for manufacturers in terms
of usage (Julien & Martin, 2021). Current definitions of digital twin vary around a
shared concept: a link between a physical counterpart and a virtual entity that represents
it. (Silva et al., 2021). Most research considers the digital twin as a virtual representa-
tion of the human agent, allowing activity supervision for the prevention of workplace
accidents or MDSs (Greco et al., 2020). This perspective must be expanded to consider



a cooperative approach. In this way, the digital twin must be able to cooperate with the
human agent for more efficiency in achieving their common goals (Pacaux-Lemoine et
al., 2022). Human-Autonomy Teaming (HAT) provides a framework to think about this
cooperation.

HAT can be defined as a socio-technical system in which at least one human and
one autonomous agent interact interdependently over time to accomplish a common
task or goal (Cooke et al, 2020). In order to characterize the cooperation between the
two agents, Pacaux-Lemoine et al. (2022) identifies the “Know-how-to-Operate
(KHO)" and the "Know-how-to-cooperate (KHC)". KHO refers to each cooperating
agent's knowledge to solve a problem inherent to the activity, i.e., the taskwork.
Through teamwork, KHC refers to knowing how to cooperate with its partner. These
two attributes are necessary for each agent to cooperate efficiently (Table 1).

KNOW-HOW-TO-OPERATE (KHO): Specific knowledge to each cooperating agent
Internal: skills of each cooperating agent (i.e., expertise, experience)
External: obtain information from the environment and acting of the process
KNOW-HOW-TO-COOPERATE (KHC): Know how to cooperate with your partner
Internal: build a model and deduce your partner’s intentions, analyze tasks, and identify
cooperative organization, produce a common plan
External: understand and provide information to your partner

Table 1. KHO-KHC model

Envisioning the cooperation with the digital twin can prove complicated. Given the
wide range of possible uses and definitions (Julien & Martin, 2021), the human agent
may have difficulty imagining an artefact that doesn't exist, and therefore the needs that
may be associated with it (Colin & Martin, 2019). Prospective ergonomics could pro-
vide a framework to envision this cooperation.

2 Prospective ergonomics to think the HAT

Prospective ergonomics completes the intervention modalities of corrective and design
ergonomics, by aiming to anticipate future needs (Robert & Brangier, 2012). The ap-
plications of prospective ergonomics are varied: new uses for carpooling (Allinc et al.,
2019), needs related to hydrogen as an energy source for housing (Martin et al., 2021)
or new experiences in tourism (Brangier et al., 2019). These studies have in common
the desire to encourage the ideation process, enabling the expression of future needs
rather than technical solutions. Indeed, to grasp what is really essential for the deploy-
ment of a technology, the focus should be on the expression of needs, i.e., centered on
human agent rather than technical solutions (Pilemalm et al. 2007; Loup-Escande et al.,
2014). Furthermore, studies on the digital twin emphasize the need to integrate tech-
nical solutions at the latest stage in the deployment process (Hamzaoui & Julien, 2022).

To express future needs, different methods have been used in prospective ergonom-
ics, such as creativity sessions or ideation interviews (Martin et al., 2021). Considering
cooperation topic, Barré et al. (2018) explored the improvement of ideation with a mul-
tidisciplinary design team considering their thinking styles. However, prospective er-
gonomics did not investigate cooperation between a human agent and an autonomous



agent such as the digital twin. Moreover, the theoretical framework of the HAT was not
considered to support a prospective approach allowing reflection about future cooper-
ation.

The aim of this paper is to develop a prospective method based on the KHO-KHC
model, enabling human agents to envision their future cooperation with the digital twin.
We hypothesize that a guided-condition ideation with the KHO-KHC model will enable
human agents to pre-experience cooperation with the digital twin, encouraging the ex-
pression of needs rather than technical solutions.

3 Methodology

This proposal was conducted with SPIE Industrie, an integrator of solutions for the
design and the maintenance of industrial installations. Therefore, our methodology was
applied to the maintenance planning activity of an SPIE Industrie client, a major French
railway company. Two methods were compared (Fig.1). Considering the scope of the
industrial project, the sample of planning experts has been limited to future digital twin
users.

Priming

Experience

Guided-condition
ideation

Opened-condition
ideation

Ideation Cooperation scoping

Ideation

Fig. 1. Methodology for expressing needs (3 phases for opened-condition ideation and 4 phases
for guided-condition ideation).

3.1  Study 1: Opened-condition Ideation

Nine planning supervisors have been recruited for this study. The first study mobilized
an opened-condition ideation through a semi-directive interview, gradually projecting
the participants into the future (Martin et al., 2021). The study consisted of a priming
phase which introduced the planning context. Then, an experience phase, in which par-
ticipants expressed negative and positive experiences regarding their maintenance plan-
ning activity. The opened-ideation phase consisted of the transformation and the preser-
vation of these experiences as future ideas related to cooperation with the digital twin.



3.2 Study 2: Guided-condition ldeation

Five new planning supervisors have been recruited for this study. The second study also
mobilized a semi-directive interview but thought a guided-condition ideation. The
priming and experience phases were the same. These were followed by a cooperation
scoping, i.e., a presentation of the KHO-KHC model. The aim was to present how co-
operation with a digital twin might unfold in the future. For the guided-ideation phase,
KHO questions were related to the digital twin's ability to gather information, analyze
problems, make decisions and implement them. KHC questions were related to the dig-
ital twin's ability to understand the skills and intentions of the human agent, and to
communicate information to him. Table 2 shows examples of KHO-KHC explanations
during the cooperation scoping.

KHO (internal and external) KHC (internal)
-The digital twin and you both have the skills | -You have knowledge of the technology's skills, "I
and knowledge to gather information, analyze | know the technology can do that".
problems, make decisions and act on the situa- | -On the other hand, the digital twin can take your
tion. skills into account to adapt its help: "the digital twin

knows that I'm capable of".

Table 2. Examples of KHO-KHC explanations during the cooperation scoping.

4 Results

In the first study, 125 ideas were expressed. The opened-condition ideation was related
to 86 technical solutions (Mean=9.56, Standard Deviation=3.81) and 39 needs
(Mean=4.33, Standard Deviation=2.18). The left panel of figure 2 shows the variation
in the ideas expressed among the nine interviews conducted.

In the second study, 131 ideas were expressed. The guided-condition ideation was
related to 112 needs (Mean=22.40, Standard Deviation=10.74) and 19 technical solu-
tions (Mean=3.80, Standard Deviation=2.28). The right panel of figure 2 shows the
variation in the ideas expressed among the five interviews conducted.

40

Number of expressed ideas
b2
=4

Opened-condition 1deation Guided-condition 1deation

Needs Technical solutions

Fig. 2. Number and type of ideas expressed according to the ideation condition.



To compare the differences related to idea type between opened-condition ideation and
guided-condition operation, a Mann-Whitney U test was conducted. This test was cho-
sen because the data did not meet the assumptions of normality required for a t-test.
The results indicated that there was a significant difference between the opened-condi-
tion ideation and the guided-condition ideation regarding the needs expressed (U = 0,
p =0.003), and the technical solutions expressed (U =43, p =0.011).

This suggests that the guided-condition ideation had a significant effect on the ex-
pression of ideas related to needs. Considering KHO-KHC dimensions, table 3 shows
the examples of verbatims expressed by the participants.

Digital twin’s KHO Digital twin’s KHC
- “The digital twin obtains information on the equip- | - “The digital twin should know my technical back-
ment’s state.” ground: my degrees, my maintenance skills (i.e., me-

chanical, hydraulic).”
- “The digital twin analyzes maintenance interventions
to adjust the maintenance plan. - “The digital twin knows my daily, monthly and annual
priorities.”

- “The digital twin proposes new maintenance task
lists according to the equipment's physical state.” - “The digital twin considers my preferences when pro-
posing solutions by asking questions.”

Table 3. Examples of verbatims expressed by the participants related to KHO-KHC dimensions.

5 Discussion

The methodology enabled participants to think about their future cooperation with the
digital twin. Although the number of ideas expressed between open-condition and
guided-condition ideation was fairly equivalent, we observed a statistical difference in
the type of ideas expressed. The opened-condition ideation provided more technical
solutions than needs. In contrast, the guided-condition ideation provided more needs
than technical solutions. The results of the opened-condition ideation can be explained
by a lack of framework simulating future activity with the digital twin (Anastrassova et
al., 2007). The framework provided by the KHO-KHC model in the guided-condition
ideation addressed this lack by proposing a context for thinking about future coopera-
tion, and thus enabling participants to pre-experience cooperation with digital twin. The
results can also be explained by the techno-focused profile of participants. Due to dif-
ferent thinking styles, Barre et al. (2018) show that the effectiveness of a method could
be related to the participants' specialty (e.g., engineers or ergonomist).

The HAT theoretical framework appears to be a promising approach for thinking
about future cooperation. Nevertheless, due to the scope of the industrial project, this
methodology was applied to the planning maintenance activity with a limited sample.
Consequently, we cannot conclude on the generalizability of the results. In order to
validate our proposal as a prospective method, it would be valuable to replicate this
study with more participants and varied profiles such as industrial designers or ergon-
omists (Barre et al., 2018). It would also be valuable to replicate this study in other
fields investigated by HAT, such as healthcare or transport systems.



6 Conclusion

We aimed to propose a method allowing human agents to envision their future cooper-
ation with the digital twin. The first method was based on an opened-condition ideation,
giving greater expression to technical solutions. Based on the KHO-KHC model, the
second method enabled the expression of needs, related to the human agent and its co-
operation with the digital twin. Such a method will enable manufacturers to design a
digital twin adapted to future needs. To deploy an effective HAT, future research may
focus on digital twin’s transparency.

References

Anastassova, M., Mégard, C., Burkhardt, J.-M.: Prototype Evaluation and User-Needs
Analysis in the Early Design of Emerging Technologies. Interaction Design and Usability
4550, 383-392 (2007).

Barré, J., Buisine, S., Aoussat, A.: Persona logical thinking: Improving requirements elicitation
for multidisciplinary teams. CoDesign 14(3), 218-237 (2018).

Brangier, E., Brangier, B., Marache-Francisco, C., Kopp, S., Clausse, J.: An Interview Process
to Anticipate Future Needs. In: Proceedings of the 20™ Congress of the International Ergo-
nomics Association, pp. 718-729. Springer, Florence (2019).

Colin, C., Martin, A.: Improving mental time travel abilities to support the collection of needs.
In 50th Nordic Ergonomics and Human Factors Society Conference, pp 86-93, Elsinore
(2019).

Cooke, N., Demir, M., Huang, L.: A Framework for Human-Autonomy Team Research. In:
Harris, D., Li, WC. (eds) Human-Computer Interaction International, LNAI, vol. 12187, pp.
134-146. Springer, Cham (2020).

Greco, A., Caterino, M., Fera, M., Gerbino, S.: Digital twin for monitoring ergonomics during
manufacturing production. Applied sciences 10(21), 58-77 (2020).

Hamzaoui, M. A., Julien, N.: Social Cyber-Physical Systems and Digital Twins Neworks. IFAC

PapersOnLine 55(8), 31-36 (2022).
Julien, N., Martin, E.: Typology of manufacturing digital twins. In: Borangiu, T., Trentesaux,
D.,Leitdo, P., Cardin, O., Joblot, L. (eds) Service Oriented, Holonic and Multi-agent Ma-
nufacturing Systems for Industry of the Future, Studies in Computational Intelligence, vol.
1034, pp. 161-172. Springer, Cham  (2021).

Loup-Escande, E., Burkhardt, J.-M., Christmann, O., Richir, S.: Needs’ elaboration between
users, designers and project leaders. Information and Software Technology 56(8), 1049-1061
(2014).

Martin, A., Agnoletti, M.-F., Brangier, E.: Ordinary users, precursory users and experts in the
anticipation of future needs. Applied Ergonomics, 94, 103394. (2021).

Pacaux-Lemoine, M.-P., Lauber, J., Didier, B., & Tissot, S.: Cooperative patterns to support
Human, Robot and Brain Computer Interface Interactions. IEEE Interntional Conference on
Systems, Man, and Cybernetics, pp. 935-940. IEEE Xplore Digital Library, Pragues (2022).

Pilemalm, S., Lindell, P.-O., Hallberg, N., Eriksson, H.: Integrating the Rational Unified
Process and participatory design for development of socio-technical systems. Design Studies
28(3), 263-288 (2007).

Robert, J., Brangier, E.: Prospective Ergonomics: Origin, goal, and Prospects. Journal of
Prevention Assessment & Rehabilitation 41, 5235-5242 (2012).

Silva, H.D., Azevedo, M., Soares, A.L.: A Vision for a Platform-based Digital-Twin
Ecosystem. IFAC PapersOnLine, 54(1), 761-766 (2021).


https://ieeexplore.ieee.org/

