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High Systems Intelligence (Sl) is related to emotional, cognitive, behavioural and wellbeing benefits. With the aid of S|, teams
can be better understood, supported and optimised with design as Sl explains the intelligent behaviour of complex human
systems involving feedback and interactions. However, understanding S| in designing for teams in human-computer
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paper employed a systematic literature review of 57 published journal and conference publications between the years 2013—
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interdependent teams. The results reinforced existing definitions of Sl factors but also extended them by incorporating human-
computer interaction (HCI) context-specific elements in interdependent teamwork. Sl framework provides a theoretical
contribution for academics and an applied contribution for practitioners when designing for interdependent teams in HCI.
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1 INTRODUCTION

Modern teams are characterised by the interdependence between actors. In a rapidly changing, interconnected
world, the concept of interdependent teams enhances the understanding of teamwork across diverse fields



such as work and sports. As the complexity of projects increases, so does the interdependence within a team
and the necessity for holistic approaches to problem-solving (e.g. [73, 87]). Interdependent interaction between
team members is not required for effective taskwork, but the interdependence of interaction and activity is
required for successful teamwork [36, 87]. When teams have more interdependence, the relationship between
efficacy and performance is higher [36, 87]. Modern expert work, from startups to multinational corporations
and ecosystems, is organised in an interconnected way. Nowadays, to solve problems, conventional siloed or
linear thinking is seen as inadequate, necessitating a shift toward more holistic and systemic perspectives.

Systemic design is a broadly developing interdisciplinary field which leverages insights from systems thinking
theories and involves stakeholders as active participants in co-designing [41]. It aims at improving societal or
environmental outcomes with a longer-term focus compared to previous problem solving or product-oriented
design approaches [41]. Systemic design can be used, for instance, to improve organisations, policies, social
programs or service systems [41]. Although systemic design principles, methodological toolkits, practices and
conceptual frameworks have recently been proposed [10, 41-44, 76], they are immature in understanding and
designing for interdependent teams.

Systems Intelligence has the potential to offer a lens to understand, support and design for interdependent
teams. Saarinen and Hamalainen [84] have introduced the ability of Systems Intelligence (Sl) to explain
intelligent behaviour in the context of complex systems involving feedback and interaction. It relates to a
person’s ability to act in systems and reason about them to create actions adaptively, which are productive
within and with respect to systems like family, teams, organisation and everyday life [84]. Instead of modelling
systemic structures, Sl is outcome-oriented with a bottom-up approach, interactional, context-specific and
optimistic in its actual life focus [37]. Sl is characterised by the whole, acknowledging interconnectivity,
interdependence, and systemic feedback, and it correlates with systemic behaviours (e.g. emotional
intelligence, organisational learning, wellbeing and performance [44, 84, 106]). In modern teamwork, thinking
in systems and through interdependence is vital for success (e.g. [58, 69]). Sl theory can help to frame design
for these interdependent teams through its eight Sl factors: systemic perception, attunement, positive attitude,
spirited discovery, reflection, wise action, positive engagement and effective responsiveness [37]. A new
broadened focus of design underlines the need to move from methods towards frameworks [52, 88]. Recently,
32 Sl tactics have been proposed to support designers’ work [44]. However, there is no previous research
summarising how to design for Sl in the context of interdependent teams.

The goal of this paper is to construct a framework for Sl supporting the teamwork of interdependent teams
based on a systematic literature review. The current understanding of Sl in design for teams in human-computer
interaction (HCI) is currently limited in both theory and practice. The systematic literature review examines 57
published high-quality publications during the years 2013-2023. It explores the design process and its
outcomes, which are designed to support S| of interdependent teamwork across a spectrum of contexts. The
novelty of the paper is to summarise past research through the lenses of Sl, design and interdependent teams.
Through this, the paper presents a framework to guide designers’ work, provide an overview and assist in
directing future research. The results of this paper will benefit both human-computer interaction (HCI)
practitioners and academics understanding and designing for Sl in the context of interdependent teams.



2 RELATED WORK

2.1 Interdependent teams

A team is defined with three elements: it includes multiple people who are interdependent and have a shared
goal [87]. Teams are critical success factors of organisations as they enable flexible, rapid and adaptive
responses to unexpected situations [49]. Interdependence refers to the extent to which members of a specific
team must rely on each other and co-operate to deliver the solution [86]. Interdependent teams can appear, for
example, in the workplace and also in team sports [60, 73]. Team performance and effectiveness have been
the focus of studies of successful teams [60]. Research shows that effective teamwork includes sharing
knowledge, coordinating behaviours and trusting one another [60]. The modern workplace has witnessed a
transformation in recent decades, characterised by the increasing complexity of tasks, the rapid pace of change
and the emergence of highly interdependent teams [60]. Teams can be different based on their history, working
styles and dynamics, as some might have a long history of working together, whereas some teams or team
members might be complete strangers [60]. Teams can work entirely face-to-face, online or through hybrid
models and members may also change during the project or phases [60]. All of this affects the developmental
stages, progress towards the goal and stage of interdependence or relationships of a team [60]. The concept
of interdependent teams constitutes the grounds of this review.

2.2 Systems Intelligence

Systems Intelligence relates to a person’s ability to act in systems and reason about them to create actions
adaptively that are productive within and with respect to systems like family, organisations, teams and everyday
life [84]. When people are observing their interdependence in an environment that is feedback intensive, they
can act intelligently [37]. It has been shown that Sl correlates with emotional intelligence, wellbeing and
perceived performance in organisations. [44, 84, 106]. A system is characterised by interconnections and the
internal nature of its elements; it produces effects and has generative power [37]. A human system can be, for
example, a team, family or organisation. [84]. S| aims to shift focus from individuals getting along with others to
creating better systems with others and focusing on teams and organisations as a whole [104]. With its
multidisciplinary roots, Sl has been applied in different fields [44]. Drawing from disciplines such as systems
thinking, change leadership, philosophy of everyday activity and understanding human subjectivity, Sl finds its
applications in fields like organisational leadership, communication, psychotherapy, arts leadership,
engineering education and emergency management [38, 47, 55, 59, 85, 91]. It offers a comprehensive
framework to address systemic and complex global challenges [84]. Sl involves the ability to perceive and
comprehend complex systems, anticipate their dynamics and intervene effectively to optimise outcomes [37,
84]. Transcending individual capacities, S| extends to teams as a whole, facilitating a shift from ‘parts thinking’
to ‘whole thinking’ [84].

Hamalainen et al. and Térmanen et al. [37, 105] have developed an eight-factor model for SI components.
These factors describe the aspects of S| behaviour, which are systemic perception, attunement, wise action,
reflection, positive attitude, spirited discovery, positive engagement and effective responsiveness. The first
factor, systemic perception, is described as an ability to see, identify and recognise different systems or
interconnections. In other words, having situational awareness. Attunement means engaging oneself
intersubjectively or being on the same wavelength as others. A positive attitude is considered as having a



positive outlook and not focusing on negative elements. Spirited discovery is an extension of a positive attitude,
as it is an open attitude toward new ideas and changes. Reflection means reflecting upon one’s thinking and
challenging one’s own behaviour. Wise action relates to longer-term thinking and understanding the implications
of it. Positive engagement is described as considering and encouraging other people. Emotional intelligence is
highly related to this factor. The last factor, effective responsiveness is considered as a conformity to purpose
and awareness of it. It is an efficient utilisation of expertise, environment and systems to achieve the goal.
These factors affect people’s behaviour in everyday life, work and free-time-related situations [37, 105]. To
make it more comprehensible, Tiinanen et al. [104] have grouped the eight-factor model of Sl into four
characterising pairs. The characterisation has been done by grouping statistically and conceptually related
factors together. The first pair is perceiving systems (systemic perception, attunement), the second pair is called
attitude (positive attitude, spirited discovery), the third one is thinking (reflection, wise action) and the final pair
is related to acting (positive engagement, effective responsiveness) [104]. The factors, pairs and descriptions
for each factor are described in Table 1. Sl and its implications in diverse teamwork development and design
processes are still understudied. The previous Sl research has formed a good theoretical ground and indicated
its capabilities. Nonetheless, there is a need to adapt Sl to the development of design solutions for teams.

Table 1: Systems Intelligence factors, characterising pairs and descriptions [37, 104, 105].

Factor Pair Description

Systemic perception Perceiving  Seeing, identifying and recognising systems, patterns and interconnections and
having situational awareness.

Attunement Perceiving  Engaging intersubjectively, being present, mindful, situationally sensitive and
open.

Positive attitude Attitude Keeping a positive outlook, and not getting stuck on negative impressions and
effects.

Spirited discovery Attitude Engaging with new ideas, embracing change.

Reflection Thinking Reflecting upon one’s thinking and actions, challenging one’s own behaviour.

Wise action Thinking Exercising long-term thinking and realising its implications, understanding that
consequences may take time to develop.

Positive engagement Acting Taking systemic leverage points and means successfully into action with people.

Effective Acting Taking systemic leverage points and means successfully into action with the

responsiveness environment, being able to dance with systems.

2.3 Design research, process and outcomes

Design is a comprehensive perspective, combining various viewpoints on challenges and their surroundings
[57]. It considers technology, needs and empathy towards users and stakeholders in order to craft artefacts that
carry significant depth of meaning [57]. Research through design is characterised by its emphasis on employing
methods and processes from design practice as a method for inquiry [48]. As a holistic approach where
knowledge and theory integrate from multiple disciplines, research through design reframes challenging
situations and the state preferred in interactive processes [48]. The concept of constructive design research is
developed based on the criticism regarding the research through design approach [48]. Constructive design
research focuses on design research in which a product, system, space or media, for instance, is its central



element in knowledge construction [48]. Within this approach, design itself is described as an active process of
knowledge generation [50]. Constructive design research integrates design and research [50]. It develops
design research from studio work to practice and utilises best practices from research through design. In
contrast, research through design focuses more on translating design practice methods and processes to a
research environment [50]. These approaches have gained attention in diverse fields, such as human-computer
interaction, design and fashion [24, 48, 116].

Although there is no unified view on design processes, they typically cover phases of understanding users,
defining focus, creating ideas, generating prototypes and testing with users, and it is iterative in its nature [64].
A characteristic element of design approaches in research is that they entail designing and deploying some
kind of prototype in the process [64]. Contributions to research design can be artefacts, theories, frameworks,
design recommendations, methods and design implications [116]. Giaccardi [32] describes that artifacts can
demonstrate possibilities, speculate on alternative futures, work as tools to develop theories or represent
examples of potential devices. One central reason for creating artefacts is to support a reflection process with
the design activity to get feedback on its usefulness and functionality [32]. These contributions have the potential
to be utilised for purposes such as evaluating design outcomes, testing empirical hypotheses, supporting
material exploration, addressing concerns and inspiring alternative perspectives [32]. Although design research
and design thinking are widely adopted, there is a need to understand, adapt and apply them in the new domain
of Sl and to develop design solutions for interdependent teams.

2.4 Previous related reviews

Teamwork, organisational teams and sports teams have received much attention in research previously, and
different literature reviews focus on interdependent teams as well. Topics of interdependent team reviews have
been, for instance, work team’s resilience towards the turbulent business environment by creating a theoretical
framework on how to build resilient work teams [99], comparison of different forms of multiteam systems [115],
evaluating the impact of environment on clinician teamwork and its effectiveness [72] and the current knowledge
on how to improve the relationship of a patient and care partners as an interdependent team [9]. From the Sl
perspective, few literature reviews have been conducted, but the most recent one deals with a conceptual model
of arts leadership through the lens of Sl [47]. As the concept of Sl is based on systems thinking [90] and
emotional intelligence [34], previous reviews based on these topics can be considered as background as well.
The previous reviews have focused on assessing systems thinking in engineering [23] and reviewing the role
of different intelligences in teams [22]. In regards to reviewing design solutions from a team perspective, a
systematic literature review has been conducted regarding the effects of interactive technologies on team
effectiveness [31]. There are some previous reviews and new research-generated frameworks in the field.
However, they are focusing, for example, on a work-based framework for interdependent group work [35],
integration of teamwork behaviour frameworks [83] and creating a framework for systems thinking
characteristics in improving health actions [103]. Although previous research has tackled some elements of
reviewing interdependent teams and Sl-related concepts, there is a gap in a clearer understanding of SI
supporting interdependent teamwork in HCI and how to design solutions supporting it.



3 METHODS

The research questions of this study are: What is the design for Sl in interdependent teams? How has Sl in
interdependent teams been studied during the last ten years? This study aims at 1) integrating previous
research, 2) understanding the current design solutions for Sl and 3) creating a framework for future research
in the field of Sl supporting teamwork. In this review, design is considered as a process and outcome [32, 64,
116]. Interdependent teams are defined as teams in which members must rely on each other and co-operate to
deliver the solution [86] and Sl is approached through its eight factors [37]. A systematic literature review was
conducted according to Okoli’s guidelines [70]. The approach followed the process of eight steps to conduct a
rigorous review that sums up and discusses the existing literature on the defined research questions. The
findings of the systematic literature review are summarised in consecutive sections.

3.1 Search process

In order to gain an overview of the existing literature on the topic, two keyword sets were defined to cover
different aspects of the scope. The first set of keywords focused on teams and the second on design solutions.
The boolean operator AND was used to combine keyword sets so that each retrieved article was related to at
least one term from the first and one from the second set. Table 2 presents all keywords used.

Table 2: Keywords used in the search process.

Set Keywords
Teams team*, interaction, communication, interdependent, collabor*, group*, interpersonal, *feedback
Design solutions service, product, technological solution, process, procedure, solution, proto*, system*

Two databases, ACM Digital Library and Scopus, were utilised to perform the search, and it was limited to
only original research and conference papers written in English. The search in the databases was limited to
articles published between 2013-2023 to obtain a realistic and accurate outlook on the topic. The detailed
search queries are presented in Appendix 1. Figure 1 illustrates the phases of the selection process in the form
of a flow chart.



Potentially relevant studies
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(n=12}

Studies with usable
information {n=57)

Figure 1: Selection process illustrated in the form of a flowchart.

The initial first phase search created 3 782 results altogether from both databases. All articles were inspected
manually based on titles and abstracts in the second phase. The following criteria for selection were used:

¢ Including teamwork that can be defined as interdependent.
¢ Using design as a tool to improve teamwork.
¢ Including at least one of the SI's eight factors.

If there were any doubts regarding the suitability of selection criteria for records, the articles were included
for later assessment of the full texts. All papers were collected electronically. During the second phase, 3712
articles were excluded based on titles and abstracts according to predefined selection criteria. This manual
inspection resulted in 70 articles being selected for full-text screening. The third phase consisted of an eligibility
assessment of full texts, which was conducted by the first author and the same selection criteria were used as
presented above. Any inconsistencies in including or excluding records were reviewed by the second author.
During this phase, 12 articles were excluded because the content was not related to the review when examined
further based on the full text. After inspection of the full-text version, the most prominent reasons for exclusion
were that teamwork could not clearly be considered as interdependent (5 records) or it illustrated existing theory
rather than including concrete design (5 records). Another reason for exclusion was that some articles did not
elucidate SI. Throughout this process, the selection of 57 records in total was formed.

3.2 Data analysis

In analysing the data, phases of bottom-up thematic analysis outlined by Braun and Clarke [11] were followed.
The objective was to identify patterns within findings through systematic analysis steps, making it applicable for



a research area with limited prior knowledge such as design for S| of interdependent teams. Three phases of
the analysis were: 1) Familiarisation with data was done by reading through the selected articles. In this phase,
initial codes for pieces of meaningful text were extracted (target group, research methodology, evaluation
measures, Sl factors, design thinking phase and design outcome). When examining Sl factors, the size of one
unit of analysis (a piece of text containing one coherent thought) was characteristically one sentence to three
sentences long. Initial coding for S| factors was completed based on the definitions presented in Table 1. 2.
Grouping of codes and finding themes: The grouping of codes was done based on the similarities, which
assisted in finding the initial themes under each of the Sl factors. A total of 134 codes were grouped. Definitions
and names for the themes were done in parallel by two researchers. 3) Classification of articles: Data analysis
continued with the classification of codes. The initial codes were iterated to find the final themes. As
classification into one theme in each section was challenging, non-mutually exclusive categorisation was used.
This phase was done by one researcher. For the purpose of evaluating intra-rater reliability, grouping and
classification of all codes was reconducted three months after the original analysis (100% similarity in grouping
and classification).

4 RESULTS

All 57 articles included in the analysis are categorised based on target groups, methodologies, evaluation
measures, Sl factors, design thinking phases and outcomes in Table 3. Figure 2 presents the distribution of
publication years within the selection of existing literature between the years 2013-2023. The years 2013 and
2014 were the publication peaks within this timeframe (20/57 papers).



Table 3: Overview of the reviewed articles. NA means not available.

Reference

[2]

(3]

[4]

(5]

[6]

[71

[12]

[13]

[14]

[19]

[16]

[17]

[18]

Target group

Students
Families or
close friends
Organisations

NA

NA

NA

Methodology

Quantitative
Qualitative

NA

NA

Evaluation
measure

Interview/focus
group
Observation
Questionnaire
Log file

Diary or notes
Agent-based
simulation

NA

NA

NA

Sl factor

Systemic
perception
Attunement
Positive attitude
Spirited
discovery
Reflection

Wise action
Positive
engagement
Effective
responsiveness

Design
thinking
phase

Understanding
users

Defining focus
Creating ideas
Generating
prototypes
Testing with
users

NA

NA

Design
outcome

Theory
Framework
Design
recommendatio
n

Method

Design
implementation

NA

NA




Reference
[19] [20] [21] [29]

[26]

[28]

[29]

[30]

[33]

[39]

[40] [45]

[53]

Target group

Students

Families or
close friends
Organisations

X

X

NA

Methodology

Quantitative
Qualitative

NA

NA

Evaluation
measure

Interview/focus
group
Observation
Questionnaire
Log file

Diary or notes
Agent-based
simulation

X [X X (X

NA

NA

NA

Sl factor

Systemic
perception
Attunement
Positive attitude
Spirited
discovery
Reflection

Wise action
Positive
engagement
Effective
responsiveness

Design
thinking
phase

Understanding
users

Defining focus
Creating ideas
Generating
prototypes
Testing with
users

NA

NA

Design
outcome

Theory
Framework

Design
recommendatio
n

Method

Design
implementation

NA

10




Reference
[54] [56] [58] [61] [63] [66] [67] [68] [69] [71] [74] [75] [77]

T t Student
arget group udents « X
Families or NA
close friends
Organisations

Methodology  Quantitative X

X
Qualitative X NA NA | NA

X [X X (X

Evaluation Interview/focus
measure group
Observation X X X X
Quesﬁonnawe X X X X NA X NA
Log file X X X
Diary or notes
Agent-based
simulation

Sl factor Systemic
perception
Attunement X X
Positive attitude X X X
Spirited
discovery
Reflection
Wise action
Positive
engagement
Effective
responsiveness

Design Understanding

thinking users

phase Defining focus X X X X X X X
Creatlng ideas X X X X X NA X
Generating
prototypes
Testing with
users

Design Theory
outcome
Framework

Design
recommendatio X X X X X X
n
Method X X
Design

implementation
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Reference
[79] [80] [81] [82] [89] [93] [95] [96] [98] [10 [10 [10 [10
0] 1] 2] 7]

Target group  Students X X X X
Families or
close friends
Organisations X X X X

NA X X X

Methodology Quar‘1t|te‘1t|ve X NA X X X X NA X X
Qualitative X X X X X X X

Evaluation Interview/focus
measure group
Observation X
Ques.tlonnalre X X X NA X X X X NA NA
Log file X X X X
Diary or notes X X
Agent-based
simulation

Sl factor Systemic
perception
Attunement X X X
Positive attitude
Spirited
discovery
Reflection X
Wise action X
Positive
engagement
Effective
responsiveness

Design Understanding

thinking users

phase Defining focus X X X X X
Creating ideas X
Generating
prototypes
Testing with
users

NA

Design Theory
outcome
Framework

Design
recommendatio X X X X
n
Method X X X
Design

implementation
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Reference
[108] [109]

[111]

[112]

[114]

Target group

Students
Families or
close friends
Organisations

Methodology

Quantitative
Qualitative

NA

Evaluation
measure

Interview/focus
group
Observation
Questionnaire
Log file

Diary or notes
Agent-based
simulation

NA

Sl factor

Systemic
perception
Attunement
Positive attitude
Spirited
discovery
Reflection

Wise action
Positive
engagement
Effective
responsiveness

Design
thinking
phase

Understanding
users

Defining focus
Creating ideas
Generating
prototypes
Testing with
users

NA

Design
outcome

Theory
Framework
Design
recommendatio
n

Method

Design
implementation

NA X
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Figure 2: Years of publication of selected articles.

Most of the selected papers were published in conference proceedings (52 papers, 91%), and the rest were
published in scientific journals (5 papers, 9%). The studies were predominantly published in the fields of
computer science and engineering, as well as design and interaction, with the majority situated in the
interdisciplinary domain of human-computer interaction. Most studies focused on organisational teams (39
studies), and only eight concentrated on families or close friends. Some papers (8 studies) had student teams
as their target group even though the perspective was on the organisational teams in future research. Both
quantitative methods (34 studies) and qualitative methods (33 studies) were utilised, and mixed methods were
employed in up to 21 studies. The most common evaluation measures were questionnaires (26 studies) and
interviews (23 studies), often in combination with other evaluation measures or each other, which aligns with
the distribution of research methodologies. Log files (19 studies) and observation (13 studies) were the
subsequent most used evaluation measures, leaving diary or notes (5 studies) and agent-based simulation (2
studies) the least employed ones. In some papers, a particular categorisation was not applicable, or the
information needed was not available.

4.1 Systems Intelligence in the review

All eight Sl factors have been studied. Table 4 presents the generated themes of Sl in design for interdependent
teams based on the literature review and a cross-tabulation of related design thinking phases. The factors of
systemic perception (13 papers), attunement (13 papers) and positive engagement (13 papers) were the most
addressed. These were followed by factors of effective responsiveness (11 papers) and wise action (7 papers).
The least investigated factors were positive attitude, spirited discovery and reflection (6 papers each). Seventy
per cent of papers focused only on one Sl factor, whereas 30% of papers included at least two factors. Six of
the studies included the entire or nearly entire design thinking process (4-5 phases), and they targeted different
Sl factors. Other studies dealt with fewer phases of design thinking. The following sections summarise factor-
by-factor design for Sl of interdependent teams and related themes
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Table 4: Themes of Systems Intelligence in design for interdependent teams and cross-tabulation of Systems Intelligence factors and

design thinking phases.

Design thinking phases addressing the definition

Sl factor Description from the literature Understanding Defining Creating Generating Testing
review users focus ideas prototypes  with users
Systemic Collaboration support: 2 2 1 5 4
perception Supporting  collaboration  and
(13 codes) information sharing
Awareness: Improving situation 2 2 0 3 2
awareness and facilitating
transparency
[13, 18,
[20, 58, 71, [20, 33, (20] é28 :;; é% 61, 68, 79,
79] 71, 82] 71, 82] 82]
Attunement Behavioural signals: 0 2 1 3 3
(13 codes) Supportation for nonverbal and
attentional behaviour
Emotions: Sharing emotions and 2 1 1 4 3
communicating closeness
[6, 16, 21, [6, 21, 53,
[77,114] [5:'1’ 17]7’ [54, 77] 74, 93, 93, 107,
107, 114] 114]
Positive Discussion:  Improving  open 2 2 1 2 2
attitude dialogue and socialisation
(6 codes) Experiences: Supporting positivity 2 2 2 0 0
and reducing negative experiences
Empathy: Providing empathy, 1 1 1 0 0
validation and support
[28, 56,
[28, 56, 69, 69, 77, [28, 56, [19, 109] [19, 109]
77,109] 109] 77,109]
Spirited Creativity: Enhancing creativity 2 2 2 2 1
discovery and idea generation
(6 codes) Change: Supporting  positive 1 1 1 0 0
change
[56, 63, [56, 63,
[56, 63, 96] 96] 96] [40, 63] [40]
Reflection Feedback: Providing feedback to 2 1 0 3 3
(6 codes) improve understanding and
interaction
Supportation: Supporting 0 1 1 1 1
individual development and
reflection
[6, 19, 21, [6, 19, 21,
[25, 95] [5, 25] [5] 95] 95]
Wise action Perspective-inclusive: 0 1 1 1 0

(7 codes)

Recognising multiple perspectives
for problem solving
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Design thinking phases addressing the definition

Sl factor Description from the literature Understanding Defining Creating Generating  Testing
review users focus ideas prototypes  with users
Knowledge sharing: Supporting 3 2 3 1 2
knowledge capturing and sharing
[12, 17, [12, 17,
[12, 25, 79] 25] 108] [2,12] [12, 79]
Positive Dynamics:  Supporting team 6 2 3 0 2
engagement dynamics and trust
(13 codes) Communication and 2 2 1 2 1
engagement: Enhancing
emotional communication and
engagement
Initiation: Increasing participation, 1 2 0 1 0
contribution and  collaborative
manners
[3. 15, 39, 67, [4, 15, [3, 54, 67, [16, 71, [67, 80,
71, 80, 98, 54, 67, 80] 114] 114]
102, 114] 71, 102]
Effective Processes and methods: 3 4 3 0 0
responsivenes  Facilitating work with processes
s (11 codes) and methods
Coordination: Coordinating 1 2 2 2 2
teamwork and aligning interests
Performance: Achieving common 0 2 0 1 0
tasks
[4, 20,
[20, 28, 45, 28, 30, [:é):f [20, 66, [18, 66]
81] 45, 66, ég] ’ 101] '
81, 89]

4.1.1 Systemic perception

All of the studies, including systemic perception elements, focused on expertise-related teamwork, such as
students or work teams (13 papers). The target groups were technological or design-oriented [18, 20, 58], sales
[79], biochemical [61], general work (e.g. [2, 71]) or collaborative teams combining both designers and
engineers [68]. A variety of research and evaluation methods were used in the studies, including mixed methods
(5 papers, e.g. [18, 33]), quantitative (2 papers [13, 26]) and qualitative methods (2 papers [71, 79]). Several
studies included prototype generation or user tests (e.g. [2, 13, 18, 20]), and only one study focused merely on
defining the focus phase [33]. Based on the analysis, two main themes summarise systemic perception factors.

Collaboration support: supporting collaboration and information sharing. Six papers [2, 20, 61, 68, 79,
82] discussed systemic perception from the aspect of collaboration support. Systemic perception includes an
ability to take involved people and their interactions into account [37]. In practice, this is often considered as
collaboration and information sharing between people involved in teamwork. It is in line with the literature review,
as the findings described supportation of collaboration as helping people to work together, facilitating mutual
understanding [61, 82] and supporting information sharing by providing tools to share content to improve
collaboration and bridge barriers of sharing [68, 79]. To support collaboration, Reski et al. [82] investigated
head-mounted displays in virtual reality teamwork. They proposed a hybrid asymmetric collaborative immersive
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analysis system for collaboration and investigated it with actual users. They found that the participants were
‘very engaged in the activity itself as well as in the collaboration’ [82]. For supporting information sharing, the
Remote Solving workflow prototyped by Naugle and Roudsari [68] provides real-time feedback from an
engineering point of view to enhance cross-disciplinary cooperation between designers and engineers. With the
help of Remote Solving, teams can explore potential pattern designs and receive feedback on their performance
by bridging practice barriers of information sharing within a multidisciplinary team [68].

Awareness: improving situation awareness and facilitating transparency. Seven papers [13, 18, 26,
33, 58, 71, 75] discussed systemic perception from the awareness viewpoint. As systemic perception highlights
seeing and identifying different components within a system, between systems and being situationally aware
[37], the findings within this category describe group members’ awareness information tailored to the specific
context and level of detail (e.g. activity, process, communication, context and availability issues) and facilitating
team members to see contributions for tasks more transparently (e.g. [13, 18, 71, 75]). As an example of
awareness, Crowston et al. [18] evaluated a stigmergic team coordination support system with user tests. They
found out that by making individual contributions visible, the system was able to support awareness of
coordination. In contrast, Poulovassilis and Xhafa [75] structured a P2P network model to provide awareness
in project-based group work.

4.1.2 Attunement

Attunement (13 articles) was among the most addressed factors parallel with systemic perception and positive
engagement factors. Mainly mixed (5 papers [6, 21, 29, 53, 114]) and quantitative (5 papers [54, 93, 100, 107,
111]) methods were used. One study [77] focused only on qualitative methods, and in two studies [16, 74], the
research methodology was not available. There were articles focusing on each phase of design thinking, but
most articles focused on prototype generation (7 papers) and user testing (6 papers). The attunement factor
was researched in half of the papers that focused on families or close friends as their target group. Choi et al.
[16] focused on couples living apart, and Yarosh et al. [114] researched divorced households, whereas other
articles had a broader target group of non-work-related relationships [77, 107]. Two themes summarise
attunement.

Behavioural signals: supportation for nonverbal and attentional behaviour. Eight studies focused on
the behavioural signals perspective of the attunement factor [21, 29, 53, 54, 74, 93, 100, 111]. Attunement
includes perceiving nonverbal communication and participating in social situations through, for instance,
listening [37]. The focus of the findings was mainly on nonverbal signals and cues like visual attention and gaze
coordination. Shimizu et al. [93] presented an audio-based support system focusing on attentional behaviour,
which ‘gives a passive participant a chance to take the next speaking turn by leading a mutual gaze’ and ‘triggers
the passive participants’ utterance’. Attentional behaviour appears in conversational turn-taking, when the
current speaker looks at the next speaker, which typically means a signal that the turn to speak is given [93].
To support nonverbal behaviour, Li et al. [53] developed the OmniGlobeVR tool for collaboration between a VR
user and multiple non-VR users. The tool includes a feature allowing non-VR users to share facial expressions,
gaze and gestures with a VR-user for exchanging and expressing information with nonverbal cues [53].

Emotions: sharing emotions and communicating closeness. Attunement relates to being present and
open, empathetic and attentive to others’ experiences of a situation [37]. The findings revealed a gap in the
notions of emotion sharing and closeness communication from work situations. Five studies focused on
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emotions, and only one of those focused on the work environment [6], whereas others focused on families or
close friends [16, 77, 107, 114]. The only work environment-related article was written by Benke et al. [6],
focusing on remote work teams with a limited capacity to transfer emotional information. They evaluated a
retrospective emotional competence development system, TeamSpiritous, and showed a significant increase
in intra- and interpersonal emotional competence [6]. For sharing emotions and communicating closeness, Choi
et al. [16] investigated how a ‘mini-hug’ system called Ring*U ‘can convey people’s intimacy and emotional
communication messages through subtle lighting and tactile expressions’. The article written by Yarosh et al.
[114] presented the ShareTable, including a video chat opportunity and a shared tabletop task space. In the
user test phase, divorced families used it to share emotional moments and communicate closeness with a
metaphorical touch [114].

4.1.3 Positive attitude

The Sl factor of positive attitude was among the least studied factors (6 publications). Three studies focused on
family or close friends. In Vacca’s [109] article, the target group was Latina teens and their caregivers. Ma et
al. [56] examined long-distance couples, whereas Pradana and Buchanan [77] had no specific target group
detailed. All three articles were conducted with qualitative methods (e.g. interview or observation). The rest of
the findings targeted study or work teams. Most articles used qualitative methods, as there were only two [28,
69], including quantitative methods like questionnaires. Three main themes summarise the positive attitude
factor.

Discussion: improving open dialogue and discussion. Three papers [19, 69, 109] focused on positive
attitude from a discussion perspective. Positive attitude highlights situations, people and systems in an open
way [37]. Related to this definition, the findings encouraged open discussion, communication and socialisation
[19, 69, 109]. Only two articles included the final phases of design thinking (generating prototypes and testing
with users [19, 109]). To improve openness between participants, Vacca [109] used participatory design
methods with Latina teens and co-designed a tool called MomChill to improve teen-caregiver communication
for a more positive perspective. This article included all five phases of design thinking [109]. To support
socialisation within a team and facilitate positive activities, Dagan and Isbister [19] presented the Robo-Shoe-
Flies design implementation, which is a social wearable design that people could wear at the office. The device
encourages people to socialise and initiate conversations [19].

Experiences: Supporting positivity and reducing negative experiences. Two papers [28, 56]
concentrated on this theme. Positive attitude includes a positive outlook and not getting stuck on negative
impressions [37], which is directly related to this theme. For reducing negative priming or fixation, Ez-zaouia
and Carrillo [28] designed a process structuring to enhance group work, with results revealing that ‘process
structuring appeared to reduce inhibitory effects of group work’. To support positivity, Ma et al. [56] investigated
mechanisms for turning technological breakages into icebreakers with a workshop design. These situations can
lead to ‘positive behavioural, emotional and relational change’ [56].

Empathy: Providing empathy, validation and support. Only one paper [77] focused on the empathy
elements of a positive attitude. As positive attitude includes approaching situations, people and systems from
various perspectives, including the provision of empathy, validation and support [37], Pradana and Buchanan
[77] developed a prototype called Human Tamagotchi, which is a wearable system to support visual cues of
cheering for each other. The prototype is based on a Japanese expression, Otsukaresama, to express ‘thoughts
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on empathy and appreciating someone’s effort’ [77]. Their Human Tamagotchi concept opened possibilities to
provide empathy, validation and support, especially in the interpersonal regulation of emotions [77].

4.1.4 Spirited discovery

Spirited discovery was among the least investigated factors (6 papers). The article written by Ma et al. [56] was
the only one targeting families or close friends in this category, as the others focused on organisational teams
such as science and technology enterprises [14], decision-making processes [40], innovation talent teams [112]
and engineering teams [63, 96]. Both quantitative and qualitative research methodologies were used in a
somewhat balanced way as well as several evaluation measures were employed. Based on the literature review
and analysis, two primary themes could be summarised from this factor.

Creativity: Enhancing creativity and idea generation. Creativity was implied in most of the articles related
to the factor, as there were five articles [14, 40, 63, 96, 112] focusing on the enhancement of creativity or idea
generation, as the definition of spirited discovery emphasises innovativeness and creativity [37]. For example,
Sozo and Ogliari [96] concentrated on emotional stimuli for creativity to enhance idea generation, leading to
innovations. They outlined a method to encourage design teams to include emotions in processes with the help
of emotriggers [96]. This method helped in idea generation from the perspectives of quantity, quality, variety
and novelty [96]. As an example of idea generation, Jaasma et al. [40] described the design process of the Blue
Studio, which is an interactive space for ideation processes. In the Blue Studio, interactive and spatial
interventions are used encouraging teams to use all their senses in exploring challenges for unexpected ideas
[40].

Change: Supporting positive change. In addition to creativity, the definition of the spirited discovery factor
includes embracement of change and a positive attitude towards it [37]. This was implied only in one finding,
which was research investigated by Ma et al. [56]. Their goal was to derive tactics to leverage antifragility without
affecting people’s relationship with technology, which helps to elicit diverse sensorial experiences of presence
that impact the perception of interpersonal relationships by supporting positive change [56].

4.1.5 Reflection

With spirited discovery and positive attitude, reflection was among the least studied factors (6 papers). Only
one study targeted families or close friends as the target group was parent-children teams [95]. Four studies
targeted organisational or student teams, in which Ehrlich and Cataldo [25] focused on software development
teams and other studies targeted organisational teams from a more general perspective [6, 18, 20]. In the study
of Baumer et al. [5], the target group was not available. In nearly all studies, mixed methods and versatile
evaluation measures were utilised (e.g. interviews, questionnaires, log files and notes). Dagan and Isbister [19]
used only qualitative research methodology. The cross-tabulation revealed that each design thinking phase was
researched in at least one of the studies. Four studies included user tests [6, 19, 21, 95] and the same studies
presented design implementations, which is more than half of the findings in this category. Two main themes
can be summarised from this factor.

Feedback: Providing feedback to improve understanding and interaction. Reflection includes an ability
to analyse and develop one’s behaviour as well as consider the consequences of choices and actions [37]. In
practice, this was implemented as provision of feedback to improve understanding and interaction [19, 21, 25,
95]. For improving understanding, Damian et al. [21] presented Logue as a prototype providing feedback on the
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presenter’s speaking-related factors (e.g. openness and body energy). A head-mounted display gives visual
feedback on the user’s nonverbal behaviour using social signal processing technologies, which increases the
user’s understanding [21]. For feedback to improve interaction, Song et al. [95] proposed and evaluated the
TalkLIME system, providing feedback for parents to develop parent-child communication in real-time with
children who are having language development challenges. Their results highlighted that the system
encouraged parents’ daily interaction, and children using the system had a better initiation ratio than others [95].

Supportation: Supporting individual development and reflection. As an SI factor, reflection highlights
the examination of one’s behaviour, understanding factors guiding actions and aims to grow as a person [37].
In line with this definition, the findings included supportation for individual development and reflection (2 papers
[5, 6]). To support individual development, Benke et al. [6] evaluated a retrospective emotional competence
development system, TeamSpiritous. It analyses previous emotional processes from the meetings and provides
support for the development of emotional competence [6]. Baumer et al. [5] concentrated on reflection from a
more comprehensive level as they found out that most research describes reflection as an individual activity
and found a gap in acknowledging reflection as a social activity.

4.1.6 Wise action

Seven articles addressed the Sl factor of wise action, and none focused on families or close friends. In one
study, the target group was not available [7], and others focused on organisational teams, such as software [25]
and product development teams [108]. As in most of the other factors, the studies related to wise action were
using mainly mixed methods. Despite this, Collins and Etemadidavan [17] had a different evaluation measure.
Their study was quantitative and used agent-based simulation [17]. Design thinking phases were distributed
relatively evenly as at least three papers were focusing on each phase and the article written by Castro and
Barcellos [12] concerned all phases of design thinking. The two following themes from the literature review
summarise the findings.

Perspective-inclusive: Recognising multiple perspectives for problem solving. Listening to others and
considering good advice are critical elements in the Sl factor of wise action [37]. This was implied in two papers
[2, 17] as an ability to recognise multiple perspectives and be more perspective-inclusive than exclusive to solve
problems. For obtaining multiple perspectives, Altamirano et al. [2] proposed a graphic interface for the creation
of task flow diagrams in interaction with a collaborative web system. Real-time creation of diagrams proved to
help teams to obtain diverse perspectives and experiences [2]. The other article focused on multiple viewpoints.
Collins and Etemadidavan [17] investigated the effect of multiple team memberships on complex design
projects. They found out that the success of finding a feasible design solution increased when more
perspectives were included in the teamwork.

Knowledge sharing: Supporting knowledge capturing and sharing. Knowledge sharing ties to the S
factor of wise action as it entails persistent holistic development requiring acceptance of one’s limitations and
understanding that success might require other people as well [37]. Knowledge sharing was found in five
reviewed articles [7, 12, 25, 79, 108]. To support capturing and sharing knowledge, the most recent study written
by Castro and Barcellos [12] developed a tool called KTID. It assists designers in annotating information
regarding design choices in design artefacts that are shared with stakeholders [12]. Ugurlu and Gerhart [108]
emphasised knowledge transparency and effective knowledge sharing. They presented a concept of accessing
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knowledge throughout product development processes gathering implicit knowledge of experts and specialists
to reduce resources for knowledge search [108].

4.1.7 Positive engagement

The reviewed articles reported multiple ways to support positive engagement in interdependent teamwork (13
studies). Eight studies targeted student or organisational teams [3, 15, 29, 39, 67, 71, 80, 102], such as teams
dealing with business process modelling activities [29], clinical staff members [80] or cross-departmental
medical teams [15]. Three studies showed families or close friends as their target group [16, 98, 114]. Yarosh
et al. [114] had divorced families as a target group, whereas Choi et al. [16] concentrated on couples. Both
papers addressed positive engagement as well as the Sl factor of attunement. The third paper with this target
group concentrated on families with primary school children [98]. Variation between research methodologies
was higher than in the other factors. Three articles used only quantitative methods [4, 15, 54] and five only
qualitative methods (e.g. [39, 80]). Furthermore, several researches in this category used exclusively one
evaluation measure (e.g. [4, 15, 29]). The design thinking emphasis was predominantly in the initial phases
such as in understanding users (9 studies) and defining focus (6 studies). Based on the analysis, three themes
summarise the positive engagement factor.

Dynamics: Supporting team dynamics and trust. Six studies focused on supporting team dynamics and
trust [3, 39, 67, 80, 98, 102], which ties to the factor’'s definition and includes acknowledging and encouraging
others as well as positive interactive approaches to others [37]. For supporting team dynamics, Athavankar et
al. [3] examined the effect of pattern language on a team’s behaviour and performance. The study revealed that
pattern language helped to negate adverse team dynamics and leveraged positive aspects of teamwork [3]. For
supporting team trust, Randall-James and Head [80] investigated how sharing past experiences with a systemic
exercise could nourish a sense of belonging and trust. The context where people were allowed to take risks
and permission to share experiences was approved beforehand, proved to influence trust and belonging [80].

Communication and engagement: Enhancing emotional communication and engagement. Positive
engagement includes emotional intelligence and encouraging others [37]. Four studies [15, 16, 54, 114]
supported this by focusing on communication and engagement. The focus of the findings was on emotional
interactions, interpretation of communication behaviour, conveying emotional communication, mediating
relatedness and enhancing engagement. For enhancing emotional communication, Choi et al. [16] presented
a design implementation of Ring*U mini-hugs conveying intimacy and emotional communication messages
between couples living apart. For enhancing engagement, Cheng [15] researched the effect of organisational
learning culture related to professional engagement. They found out that it supports resources of team members
and enhances their engagement, with suggestions to emphasise systematic learning support in a team [15].

Initiation: Increasing participation, contribution and collaborative manners. Three papers [4, 29, 71]
discussed positive engagement from the aspect of initiation. Positive engagement includes taking systemic
leverage points and means into action successfully with a focus on the people, highlighting the best aspects of
people to pursue common interests with a positive approach [37]. This was also visible in the review, as the
findings described joint visual attention to increasing collaborative manners [29], combatting social loafing and
motivation for contribution [71] and increasing participation [4]. For increasing initiation, O’Leary et al. [71]
investigated a blockchain system’s ability to monitor employees’ contributions and streamline the recording of
an individual's input into a group effort. Their focus was on cross-functional dispersed teams that have
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challenges with social loafing, and the proof of concept managed to increase transparency and combat social
loafing in teams [71].

4.1.8 Effective responsiveness

In total, 11 articles implied effective responsiveness in the research. As the description of the factor focuses on
effective thinking and actions towards the goal, it is coherent that nearly all articles implying the factor were
targeted to organisational teams. For example, Reiners et al. [81] concentrated on joint engineering research
teams, Kane et al. [45] on teams of healthcare professionals, and some articles addressed organisational teams
on a more general level (e.g. [66, 89]). Mixed methodologies combining quantitative and qualitative methods
were most used [18, 28, 29, 45]. Two papers used qualitative methods [66, 81], one paper used quantitative
methods [4] and in four, the methodology was not available [20, 30, 89, 101]. All evaluation measures were
utilised in at least one of the articles except none were using agent-based simulation. The majority of articles
(8 papers) addressed defining the focus phase of design thinking (e.g. [4, 20]), whereas prototype generation
and user tests were researched in the minority of the articles. Based on the review and analysis, three primary
themes summarise the effective responsiveness factor.

Processes and methods: Facilitating work with processes and methods. Effective responsiveness is
considered an effective utilisation of expertise, environment and systems for achieving goals as well as
prioritising and executing tasks systematically [37]. Five studies of the review [28, 29, 45, 81, 89] focused on
facilitating work with processes and methods which can be used as techniques for systematic task execution
and using resources effectively. As an example of team processes, Seeber [89] argued that recommender
systems should be used as facilitators in teams to impact team processes and effectiveness as those provide
essential content and technical facilitation for teamwork. For facilitating work with methods, Kane et al. [45]
proposed a communication method for patient management to support shared decision-making. They examined
the development of shared visual display methods in multidisciplinary team meetings. They found out that the
method combining discussions and visual communication has the potential to transform health services to be
more efficient and effective [45].

Coordination: Coordinating teamwork and aligning interests. Effective responsiveness highlights
conformity to purpose and effective utilisation of people’s skills to achieve a common outcome [37]. Three
papers of the review back this up by supporting coordination to focus immediately on the task and results [18],
aligning interests and moving towards a goal [20] and tracing and visualising activities to coordinate teamwork
[66]. For coordinating teamwork, Mufioz-Alcantara et al. [66] developed an online collaboration system called
Alice to reconfigure team member interactions into visualisations. With time-oriented visualisations, the system
was able to provide overviews of rhythms and temporal relationships of activities, supporting the coordination
of teamwork [66]. For aligning interests, Dalsgaard et al. [20] introduced boundary zones and emergent
boundary objects to highlight stakeholders’ interests and move towards goals in collaborative design projects.

Performance: Achieving common tasks. Three findings [4, 30, 101] focused on the performance
perspective of effective responsiveness. Effective responsiveness is about purposefulness and goal orientation
[37], and the findings support this by focusing on achieving common tasks. The findings focused on collaborative
skill correlation to group performance [4], the effect of appropriate tasks in order to give the best performance
[101] and on shared environments to assist in achieving common tasks [30]. For supporting performance, Sun
and Shen [101] presented a prototype of a service-oriented system called Teamwork as a Service, enabling a
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rational grouping mechanism allocating team members to tasks appropriate for them to succeed in the best
possible manner. For achieving common tasks, Garcia et al. [30] proposed a strategy to integrate specific
interactions in interfaces to support the improvement of effectively accomplishing activities and goals.

4.2 Framework for Systems Intelligence in design for interdependent teams

The Framework for Systems Intelligence in design for interdependent teams summarises the results and is
presented in Figure 3. In the results of this review, seven out of eight original S| factors are extended with HCI
context-specific descriptions. Systemic perception focuses on seeing and identifying systems’ components and
includes situational awareness [37]. This was extended with practical ways of perceiving the system by
supporting collaboration and information sharing (collaboration support). Attunement focuses on being open,
empathetic and situationally sensitive [37], which in practice means sharing emotions. The factor is extended
with the support provided for behavioural signals. Furthermore, this factor was mainly studied within families.
Positive attitude covers attitudinal aspects of experiences by keeping a positive outlook and not getting stuck
with negativity as well as a provision of empathy [37]. This is extended with discussion practices to improve
open dialogue and socialisation (discussion). The previous definition of reflection focuses on individual
perspectives, such as reflecting upon one’s thinking and actions to support individual development [34]. Our
findings extend it with the provision of feedback to improve understanding and interaction in interdependent
teams. Wise action concentrates on exercising long-term thinking, realising implications and understanding that
consequences take time to develop [37], which can be summarised as being perspective-inclusive. This is
extended with knowledge sharing in human systems. Positive engagement is about taking along systemic
leverage points and means successfully into action with people [37]. This factor is concretised by supporting
team dynamics, enhancing emotional communication and engagement, and increasing participation,
contribution and collaborative manners for initiation. Effective responsiveness is about taking systemic leverage
points and means successfully into action with the environment, being able to dance with the system through
effective utilisation of people’s skills [37], which is summarised as coordination. Effective responsiveness also
focuses on purposefulness and goal orientation [37], such as performance. The definition is extended with a
perspective of facilitating work with processes and methods. The themes of spirited discovery (such as engaging
new ideas and embracing change) were both supported by the findings of this review [36].
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Figure 3: Framework for Systems Intelligence in design for interdependent teams.

5 DISCUSSION

The goal of this study was to construct a framework for S| design solutions supporting the teamwork of
interdependent teams based on a systematic literature review. Sl offered a multidisciplinary, theoretical and
systems-oriented frame to explain intelligent behaviour in the context of complex systems (e.g. interdependent
teams) involving feedback and interactions. A systematic literature review was conducted, and 57 publications
were included in the review to summarise the research between the years 2013-2023. The results integrate
previous research, build an understanding of design and construct a framework for design for Sl of
interdependent teams in HCI. The findings of this review showed that all eight Sl factors were studied with
heterogeneous teams, a variety of methods, in different phases of the design process and different types of
outcomes. It provides evidence that Sl exists in the design of interdependent teams in the context of HCI,
although its terminology was not explicitly stated in the literature. The results give further support to systemic
design approaches in which overarching design methodologies often involve applying systems thinking modes
and theories within design contexts to facilitate a more profound comprehension and propose design decisions
aimed at high-impact interventions [41]. Given its broad array of transdisciplinary and theoretical influences,
systemic design benefits from a diverse range of methods in its applications [41].

5.1 Enhancements of SI in the HCI context

This study’s findings were summarised as a framework for Sl in design for interdependent teams (Figure 3). As
a means to define what design for Sl in interdependent teams is, the results are not only in line with original
definitions of Sl factors but also extend them (seven out of eight factors). These extensions are HCI context-
specific and reflect practices to support system, collaboration and interaction in design for interdependent
teams. The enhancements bring S| from universal perspectives to the local everyday life of designing for
interdependent teams and to HCI. In previous research, context-specific enhancements of S| have been
reported in organisational development and art leadership [46, 47]. In the design context, the framework
responds to the need to see systemic design as situated, pluralistic and focusing on the everyday nature of
design practices [110]. The findings of our study also showed that the focus on Sl factors varied depending on
the characteristics of teams and the phases of the design process. Organisational (e.g. engineering, design,
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healthcare) and student teams were more often studied than groups with tight social connections. Three factors,
named systemic perception, wise action and effective responsiveness, were only studied with organisational or
student teams. In contrast, attunement, positive attitude and positive engagement factors were also studied
with families or close friends (3—4 papers each per factor). Furthermore, the study’s results showed that positive
attitude, positive engagement, spirited discovery and effective responsiveness were studied in the early design
phases of understanding users and defining requirements rather than later phases of prototyping and user
testing which were focused on studies with systemic perception, reflection and attunement.

5.2 Application of the SI framework in design practices

The framework presented can be utilised in design practices when designing for S| of interdependent teams
and it can be extended in future work. The current framework makes a theoretical and meta-analysis
contribution to inter- and multidisciplinary HCI [113]. As a descriptive framework, it brings novelty to a topic by
distilling the main aspects of the Sl factors in interdependent teams of the HCI context. In order to ensure
practical implementation, it should be aligned with human-centred design principles as outlined in the ISO 9241-
210 standard [117]. By integrating the S| framework and all Sl factors into this process, designers can create
user-centred solutions that effectively support Sl in interdependent teams. This responds to the need to focus
on broader implications with design beyond UX and functionality [8, 97] as well as making Sl explicit. One
preliminary study has taken steps towards applying Sl in design practices by combining Sl in empathic design
and evaluation [44] without a systematic focus on all phases of the design process. In practice, this would
require the adaptation of old or the development of new design tactics, tools, methods or practices to support
designers’ work. In the early design phase of constructing an understanding of users and the context of use,
the framework can enrich user research with themes, e.g. in interviews and observations. When defining the
requirements it can inform setting the user experience goals. In ideation, the framework can provide themes for
brainstorming with SI's perspective. In prototyping, it can be used to support designers’ work as a guideline and
applied to develop Sl-enhancing features in prototypes. Finally in evaluation, it can be further developed as a
tool for expert evaluation or a survey for user research. Testing the Sl-focused prototypes with real users and
gathering feedback through user testing sessions can help refine the features and validate their impact on team
dynamics. The framework can be developed towards expert methods (e.g. heuristic evaluation tool [92]) to
support assessment.

The study establishes a foundation for applying the Sl framework in practice, but further work is needed to
explore its practical implementation. Future work is needed to develop the framework to guide system design
for interdependent teams, evaluate the importance of each factor and test it in real-world settings. Applying the
framework in diverse industries or contexts, such as work or leisure, is crucial to demonstrating its applicability.
The framework has the potential to enhance interaction and collaboration across various fields. For example,
wearable technology has been used to mediate socially connected team dynamics [27, 65], and testing it in
similar situations would be valuable. In healthcare, where precision and collaboration are vital, the framework
could be used to improve team dynamics, communication and coordination, as well as non-technological
aspects of interaction, fostering better decision-making. Aligning the framework with healthcare professionals’
needs, like how systems thinking has been integrated into trauma-response teams [62] or collective intelligence
into clinical settings [78], would further demonstrate its applicability. In engineering and design, the framework
could guide the development of both digital and non-digital tools for better teamwork across distributed teams
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or enhance face-to-face collaboration. As remote work becomes more common, improving systems intelligence
in teams through digital platforms could boost project outcomes and innovation, like how wearable technology
has been used to improve design teams [94]. In education, the framework could be applied to design tools that
foster student collaboration on group projects or to improve communication strategies among school
management or teacher teams, leading to better alignment of goals, needs and wellbeing. A recent study has
already shown a connection between systems intelligence and occupational wellbeing among early childhood
education professionals [51].

5.3 Limitations of the study

There are four main limitations in this study. Firstly, a systematic review method including specific filtering and
selection strategies in a selected timeframe to study design for Sl in interdependent teams was used [70]. The
limitation of this method is incomplete as it does not cover all relevant publication forums and articles in the
same time frame. Secondly, the search in the databases was limited to articles published between 2013-2023.
This period has its own everyday life (incl. pandemic time), design and research practices and technology,
which are reflected in the data and results. Thirdly, Sl is a new concept in the design context, and it was rather
implicitly than explicitly described in data, as also stated in [47], meaning that Sl was not clearly mentioned as
a term but rather referenced or inferred through context or examples. This was manifested using Sl factors and
definitions suggesting S| without directly mentioning the concept. Fourthly, the findings in this literature review
primarily focus on organisational and student teams, which may limit their generalisability to other types of
interdependent teams. Even though the thematic analysis with reliability analysis was conducted, there may be
bias in the interpretation of data.

5.4 Future research

Future research needs to focus on bringing this theoretically oriented framework to designers’ practice,
approaching teams holistically and approaching systems as a dynamic whole in design. Previous research has
reported that successful teams perform well in both taskwork as completing the specific tasks to achieve team
goals and teamwork as shared behaviours, attitudes and cognitions [87]. Taskwork-related aspects such as
performance and effectiveness have been paid more attention than the holistic perspectives of a team [60].
Similarly, in our review, the current design focused mainly on supporting the taskwork of the team (e.g.
performance, status) while there was a gap in designing for teamwork. Future research is needed to support
holistically both taskwork and teamwork with our framework when designing technology to support
interdependent teams. It should delve into the dynamic and relational aspects of Sl in team design, mainly
through longitudinal studies. Examining the long-term effects of Sl-focused design interventions could provide
valuable insights into how Sl evolves within teams over time and how it influences sustained performance and
teamwork.

As the review can be generalised mainly to organisational and student teams, future research could expand
the analysis to include family teams, sports teams and volunteer groups to assess the applicability of the Sl
framework in these different contexts. This could provide a more comprehensive understanding of how Sl
principles apply to various team dynamics. Finally, further work needs to extend this framework with relational
and dynamic aspects of the systemic whole. Our framework gives a modular or static description of Sl factors
when designing for interdependent teams in HCI. However, systems are whole, dynamic and relational [10, 37,

26



84, 90, 110]. A system’s performance depends more on how its parts interact than on how they act
independently of each other [10]. Systemic design is an ongoing process where we are engaged in designing
ourselves, people and the world around us [1]. By understanding the relations between the Sl factors and
designers' work within systems, we can theoretically and practically approach more richly the improvement of
systems we are designing for in the context of HCI.

6 CONCLUSION

This study’s systematic literature review of 57 high-quality research publications between the years 2013-2023
revealed three main conclusions. Sl is an existing phenomenon in design for interdependent teams in the
context of human-computer interaction, although it was somewhat alluded to rather than explicitly stated. The
results as a framework of Systems Intelligence in design for interdependent teams are summarised with eight
factors and context-specific extensions. Emphasis on different factors was influenced by the studied teams and
the phase of the design process. Future work needs to 1) make Sl explicit and integrate our framework
throughout the design process when designing for flourishing interdependent teams in HCI, 2) approach
interdependent teams holistically and 3) extend our framework with relational and dynamic aspects of the
systemic whole in design.
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A APPENDICES
A.1 Search queries

A.l.1 ACM

[[Title: team*] OR [Title: interaction] OR [Title: communication] OR [Title: interdependent] OR [Title: collabor*]
OR [Title: group*] OR [Title: interpersonal] OR [Title: *feedback]] AND [[Title: service] OR [Title: product] OR
[Title: technological solution] OR [Title: process] OR [Title: procedure] OR [Title: solution] OR [Title: proto*] OR
[Title: system*]] AND [E-Publication Date: (01/01/2013 TO 12/31/2023)]

A.1.2 Scopus
( TITLE ( team* OR interaction OR communication OR interdependent OR collabor* OR group* OR
interpersonal OR *feedback ) AND TITLE ( service OR product OR technological AND solution OR process OR
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procedure OR solution OR proto* OR system* ) ) AND PUBYEAR > 2012 AND PUBYEAR < 2024 AND ( LIMIT-
TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "cp" ) OR
LIMIT-TO ( DOCTYPE , "re" ) )
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