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Abstract. The adoption of transdisciplinary capabilities within UK manufacturing
could strengthen resilience in response to system disruptions. We propose a
Disciplinary Maturity Grid (DMG) as a means through which industry can assess
the disciplinarity of their engineering capability. The design of methods to assess
maturity of disciplinary working is hindered by a lack of empirical evidence to
support identification of the important dimensions. A workshop involving twelve
academic experts was used to create a maturity grid. Workshop tasks focussed on
defining the appropriate number of maturity levels, the dimensions of those levels,
and the maturity assessment questions. The DMG contains five maturity levels and
seven dimensions, providing a preliminary design from which to build in future
studies.

Keywords. Transdisciplinary Engineering, Disciplinary Maturity Grid

Introduction

Manufacturing plays a significant role in the UK economy, contributing £191 billion of
economic output (10% of the UK total), and employing 2.7 million people (8% of jobs)
[1]. UK government aims to ensure the resilience of the sector in the face of challenges
including plateauing productivity levels and a widening trade deficit in manufactured
goods, together with uncertainty around the UK leaving the European Union. In support
of this aim in 2011 UK Research and Innovation (UKRI) initiated the Manufacturing the
Future Challenge theme. Under this theme funding awards in excess of £300 million
have been pledged to support research in three priority areas: drawing on opportunities
from emerging research, promoting collaboration between academia and innovative
manufacturing businesses, and fostering a research community with the appropriate
skills and leadership in manufacturing research [2].

UKRI recognised the potential benefits from adoption of transdisciplinarity within
manufacturing and in 2018, under the Manufacturing the Future Challenge, awarded
£1.8m for research focussed on enabling transdisciplinary working within the sector [3].
Under the terms of the award the ultimate ambition is to design and validate a
Transdisciplinary Engineering (TE) Index [4]. The Index will comprise of three
elements: a means for industry to assess their current disciplinary state; a means for
industry to assess the level of disciplinarity that is required; and tools to help them move
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from one level to another. The focus of this paper is the first of these three elements — a
means for industry to assess their current disciplinary state. This is approached through
the creation of a Disciplinary Maturity Grid (Figure 1).

ELEMENTS OF THE TE INDEX
1. A means for industry to assess their current disciplinary DISCIPLINARY MATURITY
state. GRID

2. A means for industry to assess the level of disciplinarity
that is required.

\3. Tools to help them move from one level to another.

Figure 1. Mapping the elements of the TE Index to the Disciplinary Maturity Grid.

Within this paper we present the results of a workshop undertaken as a means to
create a Disciplinary Maturity Grid (DMG). Specific design aspects include the number
of maturity levels, the number and focus of the dimensions, definition of the maturity
assessment questions. The paper is structured as follows: First the background literature
is presented (Section 1). The methodology and processes followed within the workshop
are described (Section 2). The DMG created within the workshop is presented (Section
3) and discussed in light of the literature (Section 4). Finally, conclusions are formulated,
and future work identified (Section 5).

1. Background

Since its emergence in the 1970s, transdisciplinarity has been positioned as a level of
working which exceeds interdisciplinarity [5]. Although there is no universally accepted
definition, transdisciplinarity is often characterised as an approach which brings together
academic and stakeholder perspectives and integrates physical and social sciences to
understand the context in which a challenge exists [6-10].

Transdisciplinary approaches are considered to be particularly useful in dealing with
complex challenges. In the 1990s, a growing concern for the environment, a challenge
that requires many different disciplines to address, brought with it a requirement for new
ways of working, and transdisciplinarity came to the fore [11, 12]. From this point
forwards the number of published papers referencing the term are seen to accelerate [13].
Subsequently, new technologies and Industry 4.0 have led to increasingly complex
engineering systems. This has resulted in interest in transdisciplinary working from the
engineering academic and research funding communities [13]. There is also evidence
that transdisciplinarity has been embraced by practitioners [14, 15]. However, how
theory can be operationalised within industry setting requires research.

One of the challenges in operationalisation of transdisciplinarity is the lack of a
universal definition [8, 16-18]. What is generally accepted is that there is a hierarchy of
disciplinarities, which starts with a single discipline, progresses through multi- and inter-
and ends with transdisciplinarity [7, 8]. By aiming to understand at which disciplinary
state(s) a company is currently capable of working, it is in fact creating a measure of
disciplinary ‘maturity’. Maturity is the capability to consistently achieve organisational
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objectives. To deliver on this, a company should be able to work appropriately at all
levels of the hierarchy. This raises the question: What approaches have been used to
assess maturity?

1.1. Maturity Assessments

Maturity assessments are extensively used within industry both as an informed approach
for continual improvement and as a means for self or third party assessment [19]. As
shown by the review conducted by Maier, Moultrie [20], assessments have an extremely
broad focus and consider all manner of organisational aspects including, but not limited
to, quality management, project management, capability, safety, research and
development effectiveness, information security, innovation, and communication.

Although the term ‘model’ is often used as a catch-all, the literature identifies two
distinct types of maturity assessments: Capability Maturity Models (CMM)-like models,
and Maturity grids / Likert-like questionnaires [20, 21]. CMM-like models identify ‘best
practice’ in a specific process and measure against how many of these practices the
organisation demonstrates. They often follow a formal format allowing them to be used
in certification of performance [20, 21]. In contrast maturity grids are simpler. Presented
as a matrix they provide a text description for defined activities or dimensions at each
maturity level. Likert-like questionnaires are similar to maturity grids but rather than
provide descriptions at each level of maturity, assessments are based on performance
against a statement of good practice. Unlike the CMM model, maturity grids do not
usually aspire to provide certification and can be used as a stand-alone assessment or as
part of a wider initiative [20, 21].

In the context of a TE Index a grid is preferable to a CMM-like model for two main
reasons. First, the CMM-like model is built on the belief that there is a best practice.
When it comes to disciplinarity we assert that there is no best practice, rather different
disciplinarities will be more or less appropriate depending on context. Second, a matrix
is simpler and has a less prescriptive format than a CMM-like model. In this way it is
more suitable for self-assessment and offers more flexibility for combining with the other
elements required to form the Index. Having decided a grid is most suitable we ask, what
are the main design elements of a grid?

1.2. Design elements of a maturity grid

Grids are presented as a matrix, each having a number of maturity levels, and a number
of dimensions (the areas which are considered), with assessment questions to evaluate
the maturity level of each dimension. Figure 2 presents an example maturity grid, the
Energy Management Matrix, produced by the Carbon Trust. The figure is annotated to
identify the three common grid elements: maturity levels, dimensions, and maturity
assessment questions.

Figure 2 shows The Energy Management Matrix has five maturity levels and six
dimensions. However, there is no set format and the number of levels and the dimensions
included can vary [22]. A common criticisms of maturity grids is that they rarely describe
how the grid was developed. The occasional papers where a method is provided
demonstrate a mix of approaches which aim to bring together literature with expert
opinion [22]. Maturity assessments have been criticised for a lack of rigour during their
design. There have been some efforts in proposing maturity assessments design
methodologies [19, 22-28]. Although with individual nuances, studies by Metler (2011)
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and Garcia-Mireles, Moraga [29] have found the different methodologies contain
common steps. Garcia-Mireles et al. define four steps: establish goals for maturity model
development, design model architecture, set out capability levels and dimensions, and
pilot testing. Metler identifies five steps: identify need or new opportunity; define scope;
design model; evaluate design; and reflect evolution. Although similar, where the two
studies differ is that Garcia-Mireles et al. found a lack of reference within the proposed
methodologies to specific activities for maintenance.
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Figure 2. Energy Management Matrix [30].
2. Method

The TREND Research Group seeks to create and validate a TE Index and use this as a
means to enable transdisciplinarity within the manufacturing sector. The focus of this
paper is the first element of the Index, the creation of a Disciplinary Maturity Grid
through which industry can assess their current disciplinary state. The methodology
through which the grid is created is now presented.

2.1. Methodology

TREND recognise the design of a maturity grid to be an iterative process in which a
preliminary grid is created, evaluated and then evolved. As such, the five steps defined
by Melter were selected as the approach to be followed in the design of the Disciplinary
Maturity Grid (Figure 3).

Figure 3 details the design steps, showing the iterative nature of the development.
In Step 1, identify need / new opportunity, was addressed within the funding request bid
documentation, that identified a need within UK manufacture to develop TD capability.
Step 2, define the scope (e.g. the focus and audience), was constrained by the terms of
the funding award. Step 3, Design model, is undertaken by way of the workshop
described in this paper. Evaluation of the design (Step 4), and reflect evolution (Step 5),
will be undertaken as future work.
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Figure 3. Disciplinary Maturity Grid Methodology.

Although Figure 3 presents the overall research methodology, it does not provide
the detail of why a workshop approach was used, or how the workshop was organised.
This detail follows.

2.2. The Workshop

Workshops are a widely used research approach that seeks to bring about an outcome,
such as generating insights, or contributing to the design of a product, process, or
innovation [31]. A common feature of workshops is the bringing together of a small
number of people with experience in a certain domain [31]. The workshop participants
here comprised of twelve members of the TREND research group, all experienced in
transdisciplinary concepts and research. The choice to limit the workshop to only
academic participants was based on the research of Carey [15] which highlights that TD
has not widely penetrated industry. Table 1 provides details of the participants.

Table 1. Workshop participants.

Position University of Bath University of Bristol University of Surrey
Academics 3 3 1
Researchers 3 1 0
PhD students 1 0 0

The desired outcome of the workshop was to create a Disciplinary Maturity Grid
(DMQG). Literature identifies that maturity grids have three common elements (maturity
levels, dimensions, and maturity assessment questions). In designing the DMG, three
design aspects were addressed: The number of maturity levels, the dimensions to be
included, and how the maturity assessment questions would be defined. These aspects
are now addressed in order.

2.2.1. How many maturity levels should the grid have?

Typically assessments are seen to have between three and six maturity levels [21], with
the most common number being five [20]. With no literature to support the optimum
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number, a decision was made that the Disciplinary Maturity Grid would contain five
maturity levels.

2.2.2. What dimensions should be included?

Although the number of maturity levels is generally consistent, the number and areas
defined as the grid dimensions have a considerable range with examples found in the
literature ranging from four to over one hundred [20]. If a maturity grid is being
developed in an area which is mature, it is likely that there will be literature on the critical
areas and in some cases existing models which can be built upon [23]. In an emerging
domain, as is the case for transdisciplinarity within an engineering context, this body of
evidence is not available

In designing the Disciplinary Maturity Grid ensuring that the relevant dimensions
are included will be fundamental to its success. To uncover these dimensions a research
experiment was undertaken. This experiment is presented in detail in the work of Hultin,
et al. (2021), but in summary it involved an automated search of Scopus to identify all
the papers with the term transdisciplinary or trans-disciplinary in the title, abstract or
keywords. The abstracts were then analysed to extract any nouns directly following the
term ‘transdisciplinary’ or ‘trans-disciplinary’. The 100 most common terms, (70.3% of
term frequency), were subjected to a card sorting experiment whereby 20 TD subject-
matter experts individually sorted the terms into clusters comprising of similar terms. A
categorical clustering algorithm was then used to identify the optimal grouping.

Within the workshop a Delphi like approach was used to name the clusters and these
became the dimension names. The process used in naming the clusters follows:

—  Workshop participants put into breakout rooms (3 groups x 4 people) and asked
to discuss the clusters.

— Participants brought back to main room to discuss as a group.

— Participants put back into breakout rooms and asked to discuss again.

— Participants individually asked to come up with clusters names and enter them
onto Padlet, (Microsoft collaboration tool).

— The workshop facilitator entered responses for each cluster (duplicates
removed) into Mentimeter (a platform which enables live polls).

— Participants asked to vote for up to three names per cluster.

— Participants brought back to main room to discuss as a group.

— Top three names (or four in case of a tie in 3™ place) with more than 2 votes,
retained on Mentimeter.

—  Second round of voting. Participants asked to vote (max. two names per cluster).

—  Cluster name with the highest number of votes identified.

2.2.3. How should the maturity assessment questions be defined?

Research by de Bruin, Rosemann [23] identifies that when designing the maturity
assessment questions, the literature provides a starting point. However, for richness the
literature should be considered alongside other inputs. Figure 4 presents the inputs
brought together in defining the maturity assessment questions.
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Figure 4. Inputs informing the maturity assessment questions.

Figure 4 shows the five inputs which inform the definitions of the maturity text
descriptions. Aim and scope (Inputs 1 & 2) are defined and constrained by the terms of
the funding award. The TE Landscape and TE clusters (Inputs 3 & 4) bring the
understanding gained through prior research studies. Finally, Input 5 recognises the
contribution made by way of expert knowledge and expertise of the participants. The
process for defining the maturity assessment questions follows:

— Activity introduced by independent workshop facilitator including presenting a
worked example of assessment questions for one dimension.

— Participants put into breakout groups (3 groups x 4 people) and asked to discuss
and critique the worked example.

— Participants brought back to the group to discuss.

— Participants put back into breakout groups.
assessment questions for one dimension.

— Participants brought back to the group to discuss.

— Participants put back into breakout groups. Each group asked to define
assessment questions for a second dimension.

Each group asked to define

3. The Disciplinary Maturity Grid

The preliminary Disciplinary Maturity Grid created through the workshop is presented
in Appendix 1.

4. Discussion

The aim of this research was to populate a first draft Disciplinary Maturity Grid this
involved design decisions around the number of maturity levels, the dimensions, and
how the assessment questions are defined.

The literature highlights that little attention is given to how the number of levels
within a grid is decided. In the absence of a more rigorous approach it was agreed that
the Disciplinary Maturity Grid would have five levels, thus reflecting what Maier,
Moultrie [20] found to be the most common number. Despite making this design
decision, for two of the dimension’s maturity assessment questions, six levels were
defined. This raises the question can the different levels for these dimensions be
adequately encapsulated within five levels or are more levels necessary? Although, in
each of the examples provided by Maier, et al. the number of dimensions was consistent
across each of the dimensions, within a disciplinary maturity grid should/could the
different dimensions have a different number of levels?
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Similar to the number of levels, within the literature there was little discussion of
how the dimensions were selected. On the rare occasions where this was provided it was
justified as being evidenced through the literature, or chosen based on the input of experts
[22]. Within this work we used the literature and extracted the types of things which
have been given the label of transdisciplinary. Although a rigorous approach to identify
clusters of transdisciplinary ‘things’, do these translate to be the important dimensions?

Through a collaborative approach and utilising various input sources the participants
were able to define the maturity assessment questions. However, during this process a
specific question arose - should the assessment questions be phrased as objective or
subjective measurements? Within the literature this question is given little consideration.
Indeed, within the work of Mettler [32], which seeks to define the parameters which
should be considered when designing a maturity assessment, although the question of
“application of method” (i.e. whether the grid is completed as a self-assessment, with the
assistance of a third party, or certified professionals), and the ‘“respondents”
(management, staff, business partners etc.) are both included, the specifics of whether
the questions used in the assessment of maturity are objective or subjective is not.

5. Conclusions and Future Work

The aim of this work is to provide industry with a means through which to assess their
current level of disciplinary working. Through the literature we identify that a hierarchy
of disciplinarities exist and propose that in assessing disciplinarity it is in effect a
measure of maturity. Using a workshop approach, we bring together understanding of
the constraints, evidence from prior research studies, and expert knowledge to create a
preliminary Disciplinary Maturity Gird. The grid comprises five maturity levels and
seven dimensions (situation/stakeholders, perspective, knowledge, communication, the
project, the approach, and activities).

The creation of a valid maturity grid is one element in the creation of TE Index and
the operationalisation of transdisciplinary working with industry. However, it is
recognised that the design of a maturity grid is an iterative process. This is especially
true here where there is a lack of prior understanding of the dimensions which are
fundamental to the success of transdisciplinary working. To this end future verification
and validation studies will adopt a TD approach in which the perspectives of industry
who will use the grid are captured and incorporated.
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