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ABSTRACT

Systems Engineering is becoming increasingly important in the engineering of
complex technical systems. Its introduction is forcing companies to undertake major
transformation initiatives. As established change management approaches show, the
corporate culture is an important key criterion for success of transformation.
Therefore, when introducing Systems Engineering into an organization,
transformation initiatives must be tailored to an existing corporate culture or the
corporate culture itself must be changed in order to enable Systems Engineering. In
literature and in industrial practice, different approaches for assessment of corporate
culture exist. Within this research, a systematic literature review on methods and
models for corporate culture assessment is conducted. Core elements are collected
and combined with the fundamentals and success factors of Systems Engineering to
develop a model for corporate culture assessment. The developed model is applied to
the industrial practice of an ongoing Systems Engineering transformation of a large
car manufacturer. The results of the assessment are compared with the emerging
project challenges. Based on this model and its supporting tool and templates,
organizations and transformation leaders are enabled to rapidly obtain an orientation
of hindering or supporting currently established cultural aspects with regard to
Systems Engineering transformation and to provide a decision basis for further
measures.

Keywords: Organizational culture, Systems engineering transformation, Change management,
Cultural assessment, Corporate culture

INTRODUCTION

Today’s technologically advanced world is characterized by complex
technical systems. As a result, Systems Engineering is becoming an
increasingly important engineering approach (Haberfellner et al., 2019).
While Systems Engineering was essential in aerospace and defense industries
for decades, an example of its current adoption is the automotive industry
(Grafsler and Oleff, 2022). In particular, large car manufacturers face
the challenge of adapting their engineering approaches to meet increasing
requirements of highly complex features such as high connectivity and
autonomous driving (Bretz, 2021; Davey, 2020; GrafSler and Oleff, 2022).
Introducing Systems Engineering requires comprehensive transformation
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initiatives in organizations that include technical aspects as well as cultural
changes (Babinkova et al., 2014; Hartwich, 2014; Oakland and Tanner,
2007).

As studies, publications and practical insights have already shown,
corporate culture is one of the key success factors for transformation
initiatives (Babinkova et al., 2014; Gibson, 2019; SEBoK Editorial Board,
2020). Especially when introducing Systems Engineering, it is crucial that
the corporate culture harmonizes with the principles and requirements of
this approach or is adapted accordingly (Gibson, 2019; SEBoK Editorial
Board, 2020). First, this requires awareness of the characteristics of one’s
own corporate culture. Second, aspects hidden in the corporate culture that
hinder or contribute to the desired transformation must be identified and
appropriate measures must be derived (Arnold and McKinney, 2022).

Within this research, a model for cultural assessment in terms of Systems
Engineering transformation is comprised. It is complemented by including
a supporting tool and templates. By integrating theoretical findings and
practical experience, this research provides insights into the importance of
corporate culture and cultural awareness in context of Systems Engineering
transformation. In the following sections, the current state of art is explained,
and the scientific approach is presented. Ongoing, a new model for cultural
assessment is developed according to the scientific approach. In the last
sections, the application of the model in automotive industry is proposed
and the results are evaluated and discussed.

STATE OF ART

Corporate culture refers to a multi-layered abstraction of fundamental values,
norms, behaviors, and attitudes within an organization (Schein, 2010).
According to SCHEIN, corporate culture can be defined as “a pattern of shared
basic assumptions that was learned by a group...” that shapes its values,
beliefs, norms and behaviors (Schein, 2010). SCHEIN distinguishes between
three core aspects of corporate culture: visible aspects / artifacts, espoused
beliefs & values and basic underlying assumptions (Schein, 2010).
Numerous studies have shown that a positive and supportive corporate
culture can contribute significantly to the success of change projects, while
an inappropriate or conflicting culture significantly hinders implementation
(Denison et al., 1991). For example, a rigid, hierarchical culture can hinder
the organization’s ability to adapt and innovate, whereas a culture based on
openness, collaboration and experimentation can facilitate transformation
(Denison et al., 1991). HarTwicH and CAMERON & GREEN emphasize
that successful change processes require a cultural orientation that supports
and facilitates change (Cameron and Green, 2009; Hartwich, 2014). An
open, flexible and learning culture can help reduce resistance to change

and promote positive attitudes towards new ways of working and processes
(Hartwich, 2014).

Systems Engineering

Systems Engineering is based on systems thinking and comprises a
methodology for engineering complex technical systems by achieving an
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interdisciplinary optimum within a previously defined time and cost
framework (Grafller and Oleff, 2022; Haberfellner et al., 2019). The
implementation of Systems Engineering requires fundamental changes in
existing approaches and implementations of engineering of organizations
(Bretz et al., 2019). The resulting transformation affects not only technical
processes and methods, but also organizational structures, cooperation
between departments and the corporate culture (Arnold and McKinney,
2022). Systems Engineering is an approach based on collaboration across
departmental, organizational, and disciplinary boundaries (Griffler and
Oleff, 2022). An understanding of organizational culture as a channeling
of national cultures is therefore essential for systems engineers to address
their audiences at an appropriate level of abstraction (Arnold and McKinney,
2022; SEBoK Editorial Board, 2020). As pointed out in both practice and
research, a lack of missing awareness of culture and a misalignment of culture
have led to engineering failures in history (Gibson, 2019; SEBoK Editorial
Board, 2020).

Approaches on Cultural Assessment

In literature, different approaches on cultural assessment are present
(Kennedy et al., 2020). Frequently applied approaches and models are:
Competing Values Framework (CVF), Organizational Culture Assessment
Instrument (OCAI), Cultural Dimensions by HOFSTEDE and its further
development by SCHWARTZ.

Within the CVE, four different dimensions of culture are identified.
Multiple approaches comprise further additions: Clan culture (cooperative),
adhocracy culture (creative), market culture (competitor orientated) and
hierarchy culture (controlled). The framework is used to identify and analyze
cultural dynamics in organizations for further measures (Cameron and
Quinn, 2006).

The OCAI builds up on the CVF and comprises an instrument for assessing
and positioning of corporate culture within defined dimensions and patterns.
A scoring system is used to assess the current state and the preferred
characteristics of corporate culture (Cameron and Quinn, 2006).

HoFSTEDE’S model for analyzing national cultures is originally based on
four dimensions: Power distance, individualism vs. collectivism, masculinity
vs. femininity and uncertainty avoidance. In a further development, two more
dimensions were added: Long-term vs. short-term orientation and Indulgence
vs. restraint (Hofstede, 1984; Kennedy et al., 2020).

ScHWARTZ builds on HOFSTEDE’s foundations but places a stronger
focus on universal human values. ScHwARTZ highlights ten types of values
organized in a bipolar system, such as openness to change vs. preservation
and self-enhancement vs. self-transcendence (Schwartz, 2012).

SCIENTIFIC APPROACH

This research is based on a six-step approach based on (Ulrich, 1981)
as illustrated in Figure 1. In the first step, a systematic literature review
is conducted to identify relevant scientific approaches in field of cultural
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assessment in organizations and corporates. Based on the identified
approaches, cultural factors are collected and classified into six categories
in the second step. In the third step, the identified factors are evaluated
for their relevance to Systems Engineering transformation. At this point,
the factors are complemented based on practical insights from consulting
organizations in the application of Systems Engineering. Based on this, in the
fourth step, a model for corporate culture assessment is developed including
a supporting tool and templates. In the fifth step, the developed model, a tool,
and templates are applied to Systems Engineering transformation of a large
car manufacturer. The assessment result is evaluated based on comparison
with addressed management reflection of current obstacles and advantages.

research steps underlying means
Identification of relevant approaches based on systematic literature review

Derivation of cultural factors based on identified scientific approaches

Positioning in terms of Systems based on authors’ practical experience
Engineering Transformation and scientific approaches

Development of the model for cultural including tools and templates for
assessment assessment conduction and evaluation

based on reflection of >2 years of
accompanying a n ongoing systems
engineering transformation

Application ofthe model in a case
study

Evaluation of the model based on expert interviews and critical
discussion

Figure 1: Scientific approach of this research work, inspired by (Ulrich, 1981).

MODEL FOR CULTURAL ASSESSMENT IN SYSTEMS ENGINEERING
TRANSFORMATION

First, a systematic literature review is conducted to identify relevant
approaches in the field of cultural assessment of organizations and
corporates. To identify relevant scientific approaches, three different
databases with peer-reviewed publications are selected: SCOPUS, Web of
Science and IEEE explore. Two different search strings are used: The first
search string focuses on a broad range of results in the field of organizational
and corporate culture, to identify overall fitting assessment factors. The
second search string focuses on cultural assessment in terms of Systems
Engineering transformation, to identify assessment factors, which impact
Systems Engineering success in engineering organizations. The search strings
including number of results and “in scope” reports are shown in the following
table:
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Table 1. Search strings with hits and selected results by search engine (excl.
duplications).

Search string SCOPUS Web of Science IEEE Explore
All results / in scope All Scope All Scope All Scope
“organizational culture assessment” OR 178 7 110 2 9 1

“organisational culture assessment” OR

“corporate culture assessment”

(“organizational culture” OR 80 3 38 0 69 5
“organisational culture” OR “corporate

culture”) AND “systems engineering”

Sum 258 10 148 2 78 6

Following, the identified approaches are shortly described. Multiple of
these build up on the defined culture patterns by CAMERON & QUINN
(Cameron and Quinn, 2006) and conduct assessments in order to position
the culture within these patterns or identify new patterns (Akano and
Campbell, 72014; Hutchison et al., 2019; Manley et al., 1998; Sindakis
et al., 2024). Therefore, evaluation factors and questions are used, which
are described initially by (Cameron and Quinn, 2006). Further adaptations
were made by HutcHisoN ET AL. who combine the CVF and Quality of
Interaction Index into a web-based instrument for investigating cultural
alignment in organizations implementing Systems Engineering (Hutchison
et al., 2019). AkaNO ET AL. identify another cultural pattern for Green
IT which is positioned and compared to the four patterns of CAMERON
AND QUINN (Akano and Campbell, 72014). HopGsoN ET AL. build up
on HOFSTEDE’s cultural dimensions to examine the impact of cultural
differences, including organizational and national culture, on the team
performance (Hodgson et al., 2011, 2013). Therefore, a methodology
including a software tool for cultural assessment based on characteristics of
team individuals is presented. COLLINS ET AL. address a gap in understanding
what constitutes shared beliefs in Systems Engineering. Their approach moves
beyond the generalizations of HOFSTEDE’s and SCHWARTZ’S work, resulting
in a framework for empirical investigation into the human dimension (Collins
and Callahan, 2009).

The systematic literature analysis shows that neither the identified
scientific approaches nor fundamental works offer a practically
applicable model for cultural assessment in terms of Systems Engineering
Transformation: Key characterization of organizational / corporate culture
are described and analyzed in fundamental works since the 1980s (Schein,
2010). Fundamental works on Systems Engineering (GrifSler and Oleff,
2022; Haberfellner et al., 2019; INCOSE, 2015; NASA, 2007) only address
the aspect of corporate culture as a side topic. Nevertheless, the Systems
Engineering community points out the necessity of cultural awareness
for Systems Engineering success, but without defining concrete factors
(Arnold and McKinney, 2022; SEBoK Editorial Board, 2020). Further
research identifies specific cultural factors, which are compiled as part of
this research (Arnold and McKinney, 2022; Gibson, 2019; Hutchison et al.,
2019). In addition, factors are derived from the approaches identified in
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the conducted systematic literature research and further transferability for
Systems Engineering Transformation is covered with respect to Systems
Engineering success factors defined in above-mentioned fundamental works.
In a next step the 38 identified factors are classified in six categories, whereby
the categories show parallels to the subdivisions shown in various approaches
(Arnold and McKinney, 2022; SEBoK Editorial Board, 2020). The list of
cultural factors including their allocation of categories is summarized in the
following Table 2:

Table 2. Identified cultural factors for assessment of corporate culture including the
allocation to categories.

Category Factors

Leadership promotion of expert knowledge, decision making,
participative management culture, open-mind &
out-of-the-box thinking, failure & error culture,
openness for new approaches and technologies to
try out, openness for innovation, flexible reporting
structures, communication and information flows

Morale, trust & attention, willingness to learn, reflective action,

engagement resilience, commitment to change, trustful reporting,
job security, morale, trustful atmosphere

Teamwork, cooperation &  interdisciplinary engineering, project management,

empowerment evaluation of alternatives, hierarchy level, personal
incentives, spirit of research

Professional development development culture, thirst for knowledge, career

& training paths, future prospects

Customer relation validation by customers, involvement of customers,
awareness of customer needs

Sense of engineering technical perfectionism, iterations, rapid

perfection prototyping, early and frequent validation, dealing

with risks, thinking in alternatives, baselining

For an implementation of the assessment, each cultural factor is described
in two heterogeneous hypotheses based on practical insights from more
than five projects accompanying Systems Engineering Transformation in
automotive industry. The hypotheses are derived and formulated based on
the best characterization of a factor for Systems Engineering Transformation
on one side. The heterogeneous, other side of the factor characterization is
formulated as the opposite.

In the next step, the identified factors are mapped to the three layers of
culture by ScHEIN. The mapping is conducted based on the point of action of
the particular factors, whereby an allocation to multiple layers is possible. It
is noticeable that all categories allocate to all three layers within the included
factors. An example of a factor with its describing hypotheses and layer
allocation is given in Figure 2.
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factors hypothesis A hypothesis B Culture Layer

Everyone works atthe same
level oftechnical knowledge, 1 (artefacts)
supported by tools

Individual storage and

Baselining baselining “desk drawer"

engineering
perfection

Figure 2: Example hypotheses per factor and its positioning in the cultural layers.

Model for Cultural Assessment

Based on the available work mentioned above, the model for cultural
assessment in terms of Systems Engineering is developed (see Figure 3). The
model builds up on the three cultural layers by ScHEIN. It comprises six
perspectives (see Figure 3), which correspond to the defined categories. In
each category, the three cultural layers are evaluated based on the assessment
of the individual factors. Therefore, a color scheme is defined, which
enables a fast positioning of the current corporate culture. In addition, a
supportive Excel tool and templates are developed for practical execution of
the assessment, which are presented in the following.

model Leadership —_ __——Customer relation supportive tools
fopview morale, trust - -
Professional — & engagement E
Artefacts / \ sg;ﬁ:;pmem& Z Teamwork & : J
Espoused - : sense of enﬁeering el Excel tool for executon
Values o periscion \ 21 obstackes of assessment
/ | identified ————
| DT Customer Relaton ‘ H
Underlying £ T no supportves .
Assumptions o rrorne D molates or
Y no obstacles documentaion

Figure 3: Visualization of the developed model including supportive tools.

Supporting Tool for Cultural Assessment

To support users in carrying out the cultural assessment with regard to
readiness for Systems Engineering Transformation, an Excel tool is developed
on the basis of the identified cultural factors (see Figure 3). For each factor,
an individual assessment is made as to whether hypothesis A or hypothesis
B applies, or whether the organization is currently in a position in between.
It is important to note that a middle rating assumes a neutral position in the
culture assessment, resulting neither in a positive nor negative influence on
the outcome.

The cultural assessment is conducted by analyzing responses and
comparing them with predefined hypotheses categorized as either beneficial
or obstructive to Systems Engineering foundations. This evaluation
specifically emphasizes identifying obstacles; therefore, a category is marked
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as critical if at least one factor exhibits an hindering level. A category is
marked as particularly beneficial if at least one factor is rated as beneficial,
and no factors are rated as harmful.

categories factors Hypothesis A Assessment Hypothesis B
; . Decisions are made by enperts at the “ontine™ | by
leadership promation of expert knowledge. | Decisions are made hierarchically from the top down. e dea e D pusheddwmhe
) Decisions require lengthy decision-making and /1| " ] o1
Sackie commitee cascades
participative management artefacts
culture

underlying
assumptions

Figure 4: Excerpt from the excel tool developed.

APPLICATION IN INDUSTRIAL PRACTICE

The presented model was applied to a 2.5 years accompanied project of
Systems Engineering Transformation at a large car manufacturer. Within
the project, multiple workshops, working sessions and expert discussions
were led and accompanied with focus on current challenges of Systems
Engineering operationalization. Obstacles were analyzed on a recurring basis
and presented to management in regular reports.

In terms of application of this research, the corporate culture was assessed
based on the presented hypotheses in discussions with four experts who
were involved in the project. Within the expert interviews the model was
introduced and the hypotheses were discussed following their categorization.
The assessment was conducted using the prior presented Excel tool. Finally,
the assessments were discussed across the board so that an uniform
evaluation and assessment of the established corporate culture was achieved
among the experts. Due to the assessment hindering or beneficial cultural
aspects became visible and were documented using the developed templates.

Evaluation

In terms of evaluation, the assessment results are compared to challenges
and obstacles which appeared during the aforementioned transformation
project, which is documented in addressed management feedback and
documentation. The hindering and beneficial aspects identified by the
assessment were mapped to obstacles and positive aspects that arose
during the project. Examples of obstacles and beneficial aspects from
the three categories of leadership, moral, trust & engagement and
professional development & training are explained in the following. Finally,
a classification of evaluation and discussion for further use cases follows.
The assessment of the leadership category reveals four potential obstacles
(compare Figure 4 and 5). The company has a complex structure of
committees in which cascading decisions are made and the power to
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make decisions is clearly distributed. During the transformation project,
delayed, inadequate, and missing decisions were observed, which repeatedly
hindered the progress of the transformation. This is contrasted by irregular,
inconsistent, and broken top-down communication in terms of Systems
Engineering Transformation. In the project, this was particularly evident in
the form of lost messages that did not reach the target group in terms of
change communication. As a result, already achieved success was not visible
and the organization was unsettled by a lack of information.

factors hypothesis A = hypothesis B

promotion of Decisions are made E}{ec‘;ﬂzr}sdegz I';Tagresg‘{ the
o |expert hierarchically fromthe top  |in between "frgmline" Decigions are
B <nowledge down. pushed down the hierarchy.
2 Decisions require lengthy Decisions are rmade quickly
D |decisions decision-rmaking and A and on the hasis of sound
© committee cascades facts.
(1]
@ |participative Decisions are made Stakeholders are irvoked
= |management hierarchically fromthe top |in hetween|in the decision-making

culture down. processes.

Innaovative & creative Employees_ are enc_ouraged

Figure 5: Excerpt from the evaluation in the leadership category.

The assessment in terms of morale, trust & engagement reveals five
obstacles, which can be reflected to emerged challenges during the
transformation project. As became apparent in various observations during
the project, the organization shows a lack of resilience. This is expressed
in particular by the fact that although the need for change is not denied, it
does not result in active, intrinsically pursued action with visible facts. In
addition, there are constant forces of inertia that do not perceive the change
as necessary. This behavior is encouraged by the employees’ existing feeling of
security, which is supported by the company’s current good situation, despite
signs of future difficulties such as declining competitiveness. In addition, a
strong silo mentality anchored in the organization leads to challenges in
the implementation of the transformation. Silo structures exist not only
across company boundaries within the group, but also within their own
department, which is reflected in parallel, uncoordinated initiatives and
solution approaches.

Within the category “professional development & training”, the positive
influence of a strong culture of further development and openness to new
methodological approaches could be identified as anchor for introducting
Systems Engineering. This is expressed in the project through a wide range
of qualification measures and training courses, which were taken up by
a large proportion of employees. Another important factor is the strong
identification of the employees with the company and the individual future
prospects recognized by the employees in the company.
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/ \ Customer Relation

sense of engineering / \ ) \ ‘

perfection leadership

morale, trust &

professional develop- engagement

ment and training

Figure 6: Result of the assessment with schematic profile per category.

The model, the supportive Excel tool and templates developed for its
application do not represent a solution for changing the culture in favor
of Systems Engineering, but they do draw attention to relevant aspects of
the prevailing culture that could complicate and hinder Systems Engineering
Transformation. This can result, for example, in a lack of willingness to
change, resistance or complex interfaces in existing structures. As shown in
the application and evaluation of this model, multiple obstacles are identified,
which can be mapped to challenges emerged during a Systems Engineering
Transformation project (see Figure 5). But also current strengths are visible
in the project’s proceeding.

Based on the results, it is up to the user to independently evaluate the
highlighted aspects, address them with suitable change measures or ignore
them.

Due to the models’ detachment from type of product, applicability to other
industries is likely, but requires further validation.

CONCLUSION

Within this paper, a model for cultural assessment based on established
factors and fundamentals as well as an Excel tool and templates for
documentation are comprised. The model, based on ScHEIN’s 3-layer
model, provides guidance on the starting point for Systems Engineering
Transformation and focuses on cultural awareness. The application at an
automotive manufacturer showed that the assessment carried out was able
to identify harmful aspects of the corporate culture, which repeatedly led
to discussions among project members and project delays. This shows that
critical aspects can be identified through rapid application of this model
and its supportive tools. Thereby, organizations and transformation leaders
are enabled by a light-weight model to achieve rapidly an orientation of
hindering or supportive cultural aspects with regard to Systems Engineering
Transformation.

In further research, the model will be adapted with factor specific weights,
to enable an estimation of the degree of harmfulness to the Transformation.
Build on this, predefined measures can be derived to initiate specific cultural
change. In addition, existing role models (Graessler et al., 2022; Grafler
and Oleff, 2022) will be enhanced to include the Systems Engineering
Transformation aspects.
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