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Abstract. Human Systems Integration can be seen as the nexus between the human factors/ergonom-
ics and systems engineering activities undertaken during the development of a system, with the entire 
systems lifecycle in mind. Human factors/ergonomics has three recognized domains; the physical, 
cognitive and organizational – whilst the physical domain is stereotypically most associated with the 
term ergonomics, and the cognitive domain has a well-established set of methods and tools, the con-
sideration of the organizational domain lacks agreement in terms of the scope of both the organization 
in or as a system and the scope of activities. Whilst the exploration of human activity systems and 
envisaged organizational structures are performed early in the conceptual systems development stage, 
there exists a challenge in planning, synchronizing and positioning an organisation to adapt for the 
planned technological system change. This paper explores the dual challenges in planning for the 
evolution of the organizational system as well as the considerations for organizational change that 
can and should feed into system design and development.  A triple-axis framework is proposed that 
will enable HSI practitioners to consider the evolution of the organizational system and the extent of 
organizational change planning alongside the phases of the system lifecycle.   

Introduction 

The planning and implementation of organizational systems change presents two major challenges 
for Human Systems Integration (HSI) practitioners; firstly how can we ensure that the organizational 
design component of the sociotechnical system (STS) is considered adequately at the appropriate 
level of maturity as the technological system design is maturing? and secondly how do we measure 
the organizational change to ensure that the organizational system will be synchronized to accept and 
fully utilize the new technological system at the deployment stage? 

Complex adaptive sociotechnical system design is not a straightforward system development exer-
cise.  Whilst systems engineers have traditionally designed to the envisaged “ideal” STS of future 
operational scenarios, the socio or organizational aspect of the design is at best a general direction 
for transformation.  Human Systems Integration is defined as an approach of systems engineering 
(SE) that integrates technology, organizations and people effectively (INCOSE, 2023), meaning that 
the scope of the system of interest for HSI practitioners is always the sociotechnical system.   How-
ever, within the SE discipline the use of the term sociotechnical system can be variable, although it 
is generally acknowledged that in fact all engineered systems are STS (by virtue of the fact that they 
have both technical and social/human elements involved at some point in the systems lifecycle) there 
exist two distinct theoretical traditions in the nuanced use of the term (Polojärvi et al., 2023); 1) the 



 

STS comprises networks of people interacting with technologies and is based on STS theory which 
has its roots in the ergonomics and safety science field, and 2) STS from the stance of systems science 
where human and technical agents are interacting forming complex systems that are recursive, dis-
play emergence and are adaptive. This second use of the term stems from the philosophy of engi-
neering. 

This duality of STS definitions neatly demonstrates the difficulties that HSI practitioners, who sit at 
that nexus of both human factors/ergonomics (HF/E) and systems engineering (SE), face and there-
fore require both perspectives to be considered.  Recent advances in HSI have seen the coining of the 
term socio-ergonomics which extends the epistemological descriptors of the levels of ergonomics 
beyond the micro-, meso- and macro-, outwards to the broader sociological perspective; that which 
considers the behavioral science of communities, organisations and society itself (Boy, 2023).   

This paper is structured as follows. A methodology is provided to outline the process under which 
the framework was developed, a brief background to the problem is provided in the form of a litera-
ture summary that provides the theoretical backbone to the framework and potential instruments for 
measuring organizational readiness.  The proposed framework is then presented alongside theoretical 
situations that describe possible uses of the framework.  The paper concludes with a brief discussion 
around limitations and validation needs. 

Methodology 

The study takes an exploratory research approach to the problem of synchronizing the organisation 
with the technological system development. Figure 1 shows the overall framework development 
methodology.  The scope of this paper covers the first activities shown in blue to explore the problem, 
the body of knowledge and potential dimensions for the framework.  A mixed methods application 
of the framework to an existing organizational system, integration of organizational models into 
MBSE, and the refinement of the framework will be covered in other publications.  This paper seeks 
to present and disseminate the initial framework concepts and potential measures. 

 

Figure 1: Framework Development Methodology 

Given that the realm of the research lies in the HSI field, recent progress in Human Readiness Levels 
(HRLs) are utilized as a starting point.  ANS-HFES 400-2021 outlines the HRLs in addition to guid-
ance around how the levels are assessed (HFES, 2021).  In effect the activities discussed within the 
HRLs are the HSI activities.  In addition, aligned work on models that include the Human View (HV) 
within SE have been evolving over the last 15 years (Handley, 2022), with the human elements being 
given more mature consideration within architecture frameworks and model-based systems engineer-
ing.  As the organization is one of three domains of HF/E, it can be argued that any extensions to the 
organizational aspects should fit within the schema of the HRL and HV work (rather than compete 



 

with), therefore the Technology Readiness Levels (TRLs) and HRLs are pre-selected as an input into 
the models and measures. 

Literature 

Two separate literature reviews were undertaken during the research; the first a systematic review 
that sought to understand what is known around the field of organizational systems through the lens 
of organizational change from papers published in the academic corpus from 2010-2020, the second 
a scoping review that explored specific candidate scales for the measurement of organizational read-
iness levels from 2013-2023.  Due to the brief nature of this paper, it is not the author’s intention to 
report formally on the full literature review, but to provide a summary that will provide sufficient 
background to understanding the proposed framework.  

Organizational Systems and Change 

A system is an interacting combination of system elements to accomplish a defined objective(s). The 
system interacts with its environment, which may include other systems, users, and the natural envi-
ronment (INCOSE, 2021).  The definition seems innocuously simple. However, when organisations 
are viewed as systems there is no single definition because it depends on the perspective of the 
viewer/observer. When viewing an organisation as a system there can be many ways to decompose 
the system into sub-systems (or entities) (Bednar & Welch, 2020).  For example, Carmichael (2018) 
suggests that an organisation is a group of at least three people, working towards some common 
purpose and that the elements of the organizational system are the people, whilst other researchers 
consider the elements to be the sub-units within a broader organisation (e.g., Urban, 2017).  Multiple 
levels of decomposition have been traditionally used to describe the organizational system (individ-
uals, groups, and organisation) (Robbins & Judge, 2007; Schein, 2010) and have more recently been 
applied in studies on organizational learning and evolution (Annosi et al., 2020). Ainsworth and 
Feyerherm (2016) build on this three-level notion, by adding a fourth supersystem level, the “trans-
organizational” system that is composed of multiple organisations. 

A transverse view of organizational systems where subsystems each with a function or intended pur-
pose was also found in the literature, for example; production subsystem, quality management sub-
system, and communication subsystem (Khan, 2015) and operational excellence systems being used 
synonymously with an organizational system (Yeo, 2019).  Others take a more systems theoretic 
view and define the organizational system not in terms of its entities, but as an emergent property of 
the interactions between the people and technology  (Bednar & Welch, 2020), or as a result of the 
impact of the environment on the organizational system (Lenartowicz, 2018).   

The Viable System Model (VSM) (Beer, 1984) is the basis of much of the literature found and en-
compasses many of the ideas above. The VSM expresses an organizational system as being com-
prised of five interacting systems: 1) operations (the viable system itself and its recursions), 2) coor-
dination, 3) delivery, 4) development, and 5) policy.  The dynamics of these subsystems together 
enable the system to adapt and remain viable in changing environments.  Hoverstadt (2020) focusses 
on the applications of VSM to human activity systems, in terms of using VSM to diagnose gaps in 
real-world organisations, subsequent design to improve the situation, and finally self-knowledge of 
the validity of the model itself.  As an organisation’s environment is constantly changing, adaptation 
in response to change can be seen as a futile endeavor (Donaldson, 2017).  Organisational systems 
should be designed and changed over a period to be able to adapt as the environment changes.  If you 
wait until the change is needed, the rate of organizational change may be too uncomfortable for the 
organisation, or worse still, once the organisation has changed it’s too late to derive value from the 
stimulus of that change (potentially even threatening the viability of the organisation) because the 
next wave of changes in the environment have arrived. 



 

A further common approach is to consider the organizational system expressed as causal relation-
ships.  The Burke-Litwin causal model of organizational performance and change (Burke & Litwin, 
1992) provides useful meta-objects that comprise the relationships between the external environment 
through to the individual and organizational performance via transformational factors (mission and 
strategy, leadership and organizational culture) and transactional factors (structure, systems-pro-
cesses, management practices, work climate, task and individual skills, individual needs and values 
and motivation. Since the 1990s this model has been used to derive assessment methods and tools 
such as the Burke-Litwin Organizational Assessment survey (Stone, 2015), for diagnostics in as-
sessing organizational readiness (Blackman et al., 2013) and for identifying required change (Boone, 
2012). 

Organizational Readiness Levels 

A search of academic databases (Scopus, Google Scholar, ABI Inform Complete, ScienceDirect, 
IEEE Explore and Web of Science) was undertaken using the search string <organi*ational readiness 
level> from 2013-2023.  A total of 74 results were found, of which 30 were excluded as repeti-
tions/unretrievable, and a further 11 excluded as they only mentioned the keywords in passing. This 
left 33 results in the set of interest.  The majority of results used the term “organizational readiness 
level” as part of the prose to denote an unspecified quantity of sufficiency.  There were also differ-
ences in which aspects the organisations were ready for.  Table 1 summarizes these different group-
ings around organizational readiness. 

Table 1: Applications of Organisational Readiness  

Organizational  
Readiness Groupings 

Scope (Source) 

Factor Affecting 
Organizational Readiness 

 Customer satisfaction (Durant-Tyson, 2022)  
 Organizational climate (Manik & Ginting, 2019)  
 Knowledge management (Ezeruigbo, 2023; Rusly et al., 2015) 

Change to Paradigm or 
Process 

 Internationalization (Siriphattrasophon & Saiyasopon, 2013) 
 Circular supply chain implementation (Kayikci et al., 2022) 
 Lean transformation (Prasad & Vasugi, 2023)  
 eCommerce practices (Kurnia et al., 2015) 

Change to a Technology 

 A new technology (Vik et al., 2021) 
 Open data (Wang & Lo, 2016)  
 IoT (Ancarani et al., 2020; Viamianni et al., 2023) 
 Cloud computing (Al Mudawi et al., 2020) 
 Digital technologies (Bruno et al., 2020)  

Organizational Readiness 
Level (ORL) Scale 

 Balanced readiness level assessment (Vik et al., 2021) 
 Organizational impacts of testing/adopting innovation (Bruno et 

al., 2020)  
 Proposed ORL within socioergonomics (Boy, 2022) 

Readiness for Change /  
Instruments for  

Assessment 

 Organizational Readiness for Implementing Change (ORIC) 
(Shea et al., 2014) 

 Organizational Readiness to Change Assessment (ORCA) 
(Crittendon et al., 2020) 

 Diagnostic tool for assessing organizational readiness for com-
plex change (Blackman et al., 2013) 

The latter two groupings are of most interest to this research.  The established TRL and HRL scales 
provide a graduated system for maturity measurement, it is evident that a single scale ORL whilst 
useful for measuring how well the organisation dimension has been included within the development 
activities of the technological system, seems incongruent to not also consider that the organizational 
system is something that needs to be evolving as well as the technological system, therefore some 
aspect of measuring readiness for change evoked from the planned introduction of the technological 
system is also required. 



 

Reflecting on the initial search string, there were only three published scales for ORL.  Coinci-
dentally, all three were published between 2020-2021.  Table 2 shows the alignment against the nu-
merical level for the three candidate ORL scales.   

Table 2: Candidate Organizational Readiness Level Scales

 

Vik et al. (2021) ORL scale is focussed mostly on the work processes and the integration with existing 
technologies organizations are utilizing.  Vik’s scale is the only one of the three that is not loosely 
aligned to the TRL scale; however, it does include the consideration of large and smaller scale change 
from the mid-levels. It is reassuring that the scale emphasizes that the technology will need to be 
adapted as well as organizational change, however it is concerning that the technology adaptation for 
the organization does not happen until relatively late (Level 8), thus reducing the opportunities for 
changes in technological design earlier in the development.  Boy (2022) ORL scale looks at the ma-
turing of the concept of the organization from a virtual perspective through to increasing levels of 



 

tangibility into the real world, one in which the organization is comprised of multiple agents that can 
be tested and simulated alongside the virtual then tangible technological design.  In many ways Boy’s 
scale offers that elusive structure in which the organization design and technological design can be 
tested together and changes required (from either part) can then be evidenced and iterated.  Finally 
Bruno et al. (2020) ORL scale focusses on the maturity from the organizational design view, taking 
into account specific aspects of the organizational system (roles, processes, structures, etc.) that HF/E 
practitioners would be most familiar with.   

Each of the ORL scales is slightly different and provides insight into different aspects, and hence 
have different benefits.  It is clear that there are two dimensions to organizational readiness that 
need to be considered during system development: 1) the maturing of the organizational system de-
sign and transition of the organisation to that state and 2) the readiness of the actual organisation in 
its current state to change.   

Introducing the Framework 

The purpose of the proposed framework is to provide a simple structure in which HSI practitioners 
can map out and evaluate organizational system design and planned organizational change that is 
aligned to the technological system development.  The target type of organizational system is those 
that will be receiving, operating and maintaining the new technology (not the organisation developing 
the technology, although this could be the same organisation in some cases).  It does not establish the 
methods or mechanisms for the decisions made around the actual design or planned change but gives 
a set of constructs around which activities should be performed.  Figure 2 shows the framework as a 
cube, however it is more akin to a set of Cuisenaire rods; the TRL/HRLs have clear scale levels that 
aligned with each other, and the maturity of the organizational system design may have clearly de-
fined phases, the organizational change readiness is better represented as rods of different lengths.  
Because the organizational system design and maturity is evolving, the extent of the change is also 
not static during the development of the system, therefore any change readiness measures will be for 
a limited change from each stage of maturity to the next.  In effect there will be a stagger due to lag 
as the decisions around organizational design are enacted in an organization and any changes will 
take time to happen, subsequently requiring the next change readiness assessment to have to pause. 
How often and how long the duration between change and next assessment will depend on the enter-
prise and the development cycle length.   

 

Figure 2: Framework for Organisational Readiness & Organisational Systems Change  

  



 

The x-axis, Organizational System Maturity and z-axis, Organizational Change Readiness are logi-
cally interrelated (i.e. in order to mature the organizational system, some change must occur).  To 
progress through the cube, it is envisaged that, for a given step in the framework, the following events 
would occur: 

1. The technological design meets a maturity point. 
2. The organizational system design meets an appropriate maturity to match the technological 

design. 
3. At a planned level of change granularity, the readiness of the actual organization is confirmed. 
4. A change is implemented in the actual organization. 
5. The maturity of the actual organizational system to be able to receive and operate the tech-

nology increases. 

This paper considers organizational design and readiness for change but does not cover the imple-
mentation or management of actual organizational change itself.  Given that organizational systems 
are complex and adaptive, it is expected that designs or plans in their entirety are not what changes 
an organization, and although it is condensed simply into point 4 in the list in the previous paragraph, 
the viability and dynamics of the organizational system should be considered. 

Ultimately, to introduce a new technology, system developers will seek to move from the bottom left 
of the cube [coordinates 0,0,0] to the top right diagonal of the cube (marked with a star) [coordinates 
TRL/HRL9, the planned organizational system fully mature to use the technology, the organisation 
ready for the final change]. 

Consider three situations: 

The first situation: the technology has been developed in isolation from any organizational planning.  
The framework then assumes a step change that is the entire cube in one go.  The risks are high as 
the organization may not be ready for the change, and the technology may not be fit for purpose for 
the organization.  There may be inertia to change and confusion in the organization around opera-
tions, in essence the organization must now fit around the technology.  Decision makers are surprised 
that the technology is not producing the expected gains.   

The second situation: the organization is not considered until the technology has reached a tangible 
prototype (TRL 6+), at this point, although the users’ needs have been designed for, the organization 
is not positioned to use the technology and the organization’s constraints for change and adoption 
then become clear, at which point redesign may be required. 

The third situation:  the technology and organization develop at a similar maturity, evolving the tan-
gibility of both together (Boy, 2022).  The organizational system has been designed in tandem with 
the technological system and step changes have occurred to bring the actual organization and its 
readiness for change to full maturity.  

All three situations fit within the framework, with pros and cons.  Situation 1 involves no investment 
up front from the organization in time or development funds, however, it is likely to involve an ex-
tended period of transition, teething troubles, or even rejection of the technology altogether.  Situation 
2 is the most common in contemporary technology adoption.  Organizations are unlikely to contem-
plate technological solutions until they have reached a certain level of tangibility.  Technological 
development failure pre TRL6 is high so investing in the future organization at these early stages is 
risky.  Situation 3 is the mostly costly upfront but may reduce overall development costs as design 
changes can be made whilst it is still flexible.  As with SE, situation 3 derisks the development and 
transition. Care however must be taken to not overburden the organization with change initiatives.  
There is no implied correct situation, organizations should decide the strategy that fits best with their 
needs and resources. 



 

Conclusions 

The initial framework presented in this paper represents a broader view of organizational readiness 
that accounts for both the design and maturity of the organizational system as well as its readiness 
for change.  At time of writing, the framework has been applied to an example case study organization 
with a selection of change metrics, and a range of organizational system models from different stages 
of maturity have been developed based on concepts from the candidate ORLs, these will then be used 
to refine the framework and address its utility.  This will provide an initial validation of the frame-
work against a real organization; however further applications will need to be considered to check 
for its utility within a broader spectrum. 

The body of knowledge around organizational readiness and design is profuse, due to the concise 
search string selected (<organi*ational readiness level>) and the context of organizations as systems, 
this limited the results.  It is acknowledged that there will be alternative theories, models and instru-
ments that could have been used, however the framework is aimed at a conceptual level and selection 
of models, readiness levels and metrics is open.  

The pace of technology advancement outstrips the pace of STS advancement, and the gap between 
the two widens (Pasmore et al., 2019).  As we move towards integrating the STS aspects during 
systems development this will bring (at least for each system it is applied to) the maturity of both 
socio and technological together.  The final point to consider is who the stakeholders and designers 
are, unlike technological system development where the developers are mostly separate (albeit gath-
ering requirements) from the customers or end users, the organizational system design team should 
include the stakeholders within the STS (Carayon, 2006), the leaders responsible for the strategy and 
direction, and the managers responsible for enacting the change.  As HSI practitioners have been 
described as transdisciplinary we bring together and integrate a significant set of disciplines (SE, 
HF/E, information technology and operational domain (INCOSE HSI WG, 2023)), perhaps our 
knowledge set needs to also broaden to these business and leadership disciplines in order to integrate 
these viewpoints into the SE approach. 
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