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Abstract. The industrial transition to Industrie 4.0 and subsequently Industrie 5.0 
requires robots to be able to share physical and social space with humans in such a 
way that interaction and coexistence are positively experienced by the humans and 
where it is possible for the human and the robot to mutually perceive, interpret and 
act on each other's actions and intentions. To achieve this, strategies for human-
robot interaction are needed that are adapted to operators’ needs and characteristics 
in an industrial context, i.e., Operator 5.0. This paper presents a research design for 
the development of a framework for human-robot interaction strategies based on 
ANEMONE, which is an evaluation framework based on activity theory, the seven 
stages of action model, and user experience (UX) evaluation methodology. At two 
companies, ANEMONE is applied in two concrete use cases, collaborative kitting 
and mobile robot platforms for chemical laboratory assignments. The proposed 
research approach consists of 1) evaluations of existing demonstrators, 2) 
development of preliminary strategies that are implemented, 3) re-evaluations and 
4) cross-analysis of results to produce an interaction strategy framework. The 
theoretically and empirically underpinned framework-to-be is expected to, in the 
long run, contribute to a sustainable work environment for Operator 5.0.
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1. Introduction

An overall goal of using advanced technologies in production and manufacturing 
contexts is to create a sustainable workplace where intelligent autonomous technologies, 
e.g. robots, and humans work together safely and efficiently, commonly denoted as 
Industrie 4.0, in which the Operator 4.0 will work in the in factories of the future [1]. It 
is envisioned that robots should be able to assist humans with heavy or repetitive tasks 
that might harm humans if carried out over long periods. The potential for human-robot 
collaboration is vast in industrial applications, but it should be acknowledged that tasks 
that are easy for humans to conduct, pose real challenges for robots in many cases. Recent 
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industrial applications like collaborative robots open up possibilities for higher levels of 
interaction between humans and robots than currently exist [2].

A major challenge is how to accomplish effective, efficient, safe, sustainable, and 
pleasant interaction and coexistence that should be positively experienced by humans 
that are situated in the same physical and social spaces as robots, where a key enabler is 
an ability to mutually recognize and respond to the actions and intentions of each other 
[3,4]. From the humans’ perspective, this means it is important for them to perceive that 
the robot is about to do something, e.g., via social signals and certain movements, and to 
correctly interpret it and understand how to act upon its actions, which facilitates the 
human users to experience predictability and comfort for perceived safety and control 
[4,5]. To achieve the mutual recognition of the actions and intentions in human-robot 
interaction, it is crucial to identify and implement appropriate human-robot interaction 
strategies in terms of recommendations about choice and combination of interaction 
modalities as well as critical communication characteristics for both uninterrupted and 
interrupted human-robot workflows. This is a challenging and critical problem to 
investigate further since human-robot interaction (HRI) and collaboration (HRC) will be 
inefficient and practically useless without proper interaction strategies.

However, previous research on the intersection of these topics seldom considers the 
digitalized and automated work processes and the digital systems and artifacts used in 
the workspace from a user experience (UX) perspective [3-7]. The user experience of the 
interaction between the human and the robot influences workers’ job satisfaction, work 
engagement, and well-being [8]. Hence, cultivating a positive digital work environment 
is essential. Our long-term goal is therefore to develop a framework of human-robot 
interaction strategies in industrial contexts from what we denote as an Operator 5.0 
perspective. This means that we will move beyond the current Operator 4.0 and instead 
put the human workers’ skills, preferences, and psychological and emotional needs at the 
center, following the industrial evolution towards Industrie 5.0 [9].

In the AIHURO project, we work in line with the UX evaluation framework denoted 
ANEMONE, which provides a methodological approach for action and intention 
recognition in human-robot interaction that supports the evaluators on how to measure, 
assess, and evaluate this issue in several ways [3-4]. In the project, two industrial settings 
serve as use cases for our envisioned framework of human-robot interaction strategies. 
This paper a) motivates the shift from Operator 4.0 to Operator 5.0, b) presents the two 
use cases, c) outlines the research approach, and c) ends with some concluding remarks. 

2. The shift from Operator 4.0 towards Operator 5.0

Advancements in HRI and HRC are major aspects of Industrie 4.0. The ongoing 
industrial evolution does not only include production methodologies and various kinds 
of production equipment, it also includes the working environment of the personnel that 
is emerging into a more advanced digital workspace, that also includes intelligent 
autonomous technologies. A central issue of Industrie 4.0’s workspace is taking a more 
human-centered approach that usually is described as development towards Operator 4.0 
[1]. Operator 4.0 is characterized as skilled operators of the future who cooperatively 
work with robots as well as are assisted by automation and other advanced human-
machine interaction technologies. These technologies aim to reduce the workload and 
achieve a symbiosis of human-automation systems which allows the operators to achieve 
and develop a high degree of cognitive, collaborative, adaptive, and flexible knowledge 

B. Alenljung et al. / Towards a Framework of Human-Robot Interaction Strategies82



and skills without compromising safety, competitiveness, and productivity [1,2]. Aspects 
of Operator 4.0 are usually addressed by human-in-the-loop approaches originating from 
the fields of human factors and ergonomics. The common practice in these fields is to 
focus on performance-related issues. Therefore the factories of the future run the risk of 
not considering the modern understandings of users’ psychological and emotional needs 
that impact the user experience and work engagement of technology-mediated work
activities [6].

The future workspace for these workers poses several interrelated challenges. First, 
it requires research on how to distribute the division of labor between humans and 
advanced technology like robots and automation [3-8, 11-13]. Secondly, interaction 
strategies between humans and robots need to be developed based on operators’ 
preferences and needs for the tasks to be performed in social and organizational contexts 
[3-6, 10-14]. Third, meeting the growing need between personal development and 
continuing professional development to be a desired workplace, in which work 
engagement has emerged as a central aspect for the operators of the future [9]. Work 
engagement is one of the most significant factors of positive work performance, 
described as “a positive, fulfilling work-related state of mind that is characterized by 
vigor, dedication, and absorption” [15 p. 74]. Thus, work engagement is closely related 
to positive user experience and its core ideas of pragmatic and hedonic qualities, which 
go beyond traditional usability, acceptance, and user satisfaction to also including to 
meet the humans’ psychological and emotional needs before, during, and after 
interacting with any kind of technology at work [4-5, 9]. Although research on work 
engagement has increased during the last two decades, the concept of digital work 
engagement is still understudied, especially in manufacturing and development contexts. 
All these challenges are central to fully utilizing the present and future production 
systems in the workspace efficiently, keeping and recruiting qualified and skilled 
personnel, and serving both the companies’ goals and the operators’ well-being and work 
engagement. 

    This envisioned scenario of the workspace will not materialize automatically. 
Kaasinen et al. [9] emphasize that empowerment of the operators is necessary to support 
their work engagement, and their starting point is to adapt the digital workspace in the 
actual work setting to the operators’ skills, preferences, and psychological and emotional 
needs to support the workers. Recently, the industrial evolution has reached what is 
envisioned as Industrie 5.0. Pizon and Gola [10] stress that the focus of Industrie 4.0 
mainly is a technology push on advanced technology development in production. 
Industrie 5.0, on the contrary, is characterized as emphasizing the human contribution as 
a vital resource in the production process, which will significantly impact how future 
human-machine relationships emerge. A roadmap for developing the human-robot 
relationship that mainly focuses on how to facilitate this process for workers is presented 
by Pizon and Gola [10], arguing that true collaboration will only happen when workers 
can trust the robots. A key enabler is being able to perceive, interpret and correctly act 
upon the robot's actions and intentions and vice versa.

3. Industrial use cases

The first use case focuses on the future collaborative kitting in the manufacturing of 
vehicles. Currently, there exists a demonstrator for automated kitting and mobile robots 
for the transportation of material on the shop floor. The kitting demonstrator consists of 
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a collaborative robot mounted on a movable gantry, on which several grippers are 
accessible in a tool holder that follows the robot’s movement on the gantry and a scanner 
that can be attached to the robot to scan each bin and identify the optimal item to pick 
randomly placed parts in the bin with a predefined gripper. The vision is to make the 
installation more flexible and develop it into a collaborative workstation where humans 
and robots work together. Working together here means that they work together to jointly 
complete a task or work next to each other in completing tasks in parallel. Their main 
task will be to provide a mobile robot with kitted boxes on demand, which transports 
them to the right workstation at the production line. The content of the kitting boxes will 
vary a lot, and while robots successfully can grasp many rigid parts, non-rigid objects, 
such as cable-harness, are difficult for them. A major challenge for achieving 
collaborative kitting is to properly and flexibly distribute the workflow between the robot 
and the human worker, and appropriate interaction strategies have to be developed. The 
collaborative kitting demonstrator intends to show how an operator can interact and 
understand the robot’s intentions and actions as well as how the robot can adapt to 
observed human actions and estimated intentions, to create a safe and pleasant interaction 
that can handle uncertainty and cope with disturbances to reach production goals.

The second use case focuses on developing mobile robot platforms for laboratory 
assignments like inhalation testing and swabbing, to shorten the development cycle for 
new inhalation products, and further improve the quality and the work environment for 
the chemists by reducing injuries related to monotonous operations. Currently, there 
exists a demonstrator for a collaborative robot as a flexible inhaler handling unit in 
conjunction with a more rigid analytical robot in a separate, dedicated lab environment. 
However, several challenges are currently identified. The chemists' programming of the 
different tasks for the collaborative robot must be easy, robust, and performed safely. 
Once the envisioned collaborative mobile robot is implemented, it will work in facilities 
where other human activities occur, and neighboring chemists must be able to work 
safely in the same social and physical spaces. The envisioned mobile robot demonstrator 
is intended to be able to interact with a semi-automated system for inhaler 
characterization and assess surface cleanliness by performing swab analysis using pre-
defined swab patterns. As the envisioned mobile collaborative robot will move around 
in the buildings and interact with humans, it is necessary to allow them to anticipate and 
recognize each other’s intentions and actions as they collaborate, sharing the same social 
and physical workspace, or simply just passing each other smoothly.

4. Research approach based on the ANEMONE evaluation framework

We intend to develop the envisioned framework of HRI strategies for the above use cases 
as follows: 1) evaluations of existing demonstrators, 2) development of preliminary 
strategies that are implemented, 3) re-evaluations, and 4) cross-analysis of results to 
produce an interaction strategy framework. 

We will apply the ANEMONE evaluation framework [4-5] and its five phases on 
two occasions for each use case. The first aims at evaluating the current robot 
demonstrators and the second is re-evaluating the developed robot demonstrators for the 
two use cases. ANEMONE applies activity theory [16] and the seven stages of action 
model [17] as theoretical lenses and consists of five phases [3], briefly described as 
follows. 1) Preparation where the identification of the cases is done by identifying the 
area of interest and defining the context for each use case, which includes specifying UX 
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and evaluation goals. 2) Selection of evaluation type includes choosing which interrelated 
layers of user needs will be in focus and if the evaluation will be analytical and/or 
empirical. Here, the interaction and emotional layers are of primary importance and an 
empirical evaluation is chosen. 3) Plan and conduct the UX evaluation refers to the 
empirical UX evaluation of the existing use case demonstrators with their users 
(operators resp. chemists). The users will perform several tasks, presented in two 
scenarios, with the robot demonstrators. These scenarios need to be thoroughly planned 
and prepared so they are aligned with the earlier defined goals and are relevant for the 
users to conduct. The stated goals and aspects should be assessed with objective and 
subjective measurements. Data are collected by observations, video recordings, 
interviews, and questionnaires and follow a certain procedure. 4) Analysis of collected 
data and identifying UX problems involves the collected quantitative and qualitative data 
being put together and analyzed via triangulation, focusing on identifying UX problems 
in general, and specifically UX problems of action and intention recognition. 5) 
Organising the identified UX problems in scope and severity; the identified UX problems 
are categorized as either global or local, and then the problems are rated according to 
various degrees of severity. The outcome will be a list of positive aspects and problems 
organized in terms of potential value, scope, and/or severity from both use cases.

The AIHURO project will conduct a parallel line of work to disentangle the different 
interaction strategies, interaction styles, and communicative approaches that currently 
are suggested in the HRI and HRC literature [3, 5, 8, 11-14, 18]. The synthesis of the 
empirical and theoretical work will serve as the basis for the formulation of appropriate 
suggestions for interaction strategies together with their respective primary users and the 
other project partners after the first evaluation rounds. The outcome will be written 
descriptions and scenarios, storyboards, and visualizations of these strategies. Then these 
suggestions will be implemented by technicians at the project partners, who are the use 
case owners. The intended outcome will be more advanced robot prototypes for the use 
cases (the collaborative kitting and the mobile robot platforms for laboratory 
assignments), which will be employed with at least a subset of the suggestions in a 
testable manner. The next project step is to re-evaluate the updated prototypes with the 
operators and chemists. The outcome will be a validation of positive aspects and 
problems organized in terms of potential value, scope, and/or severity. The final project 
step is to conduct a cross-case analysis of the obtained results from the above validation 
at the use case settings to offer a more generative framework for human-robot interaction 
strategies in manufacturing and laboratory settings.

5. Concluding remarks

This paper has envisioned the steps towards a framework of interaction strategies for 
operator 5.0, working in different kinds of human-robot interactions in the manufacturing 
and chemical laboratory contexts. Through this approach, the framework will be 
theoretically as well as empirically grounded. Moreover, a vital strength of the project is 
its interdisciplinary approach, where the operators and chemists are in the center, which 
offers a good foundation to investigate and analyze how robots can facilitate digital work 
engagement in industrial contexts. However, the proposed framework is still work-in-
progress and needs further elaboration.

In the long run, we hope that the final framework will contribute to a sustainable 
working environment with increased work engagement and perceived safety where the 
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successful collaboration between humans and robots is experienced as smooth and 
trustworthy, paving the way towards Operator 5.0.
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