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Abstract 

In product engineering processes, foresight analyses are typically conducted only at early project stages, while their 
underlying assumptions remain largely unchallenged as development progresses. This can lead to late design changes 
and increased correction costs when environmental conditions, technologies, or market requirements evolve. To 
address this gap, this paper applies a systematic approach for continuous monitoring and validation of product 
properties throughout the product engineering process. The approach integrates strategic foresight, environmental 
scanning, and indicator-based monitoring into a continuous feedback loop that enables early identification of relevant 
deviations from expected developments. The approach is demonstrated using a case study from the project Country 
to City Bridge (C2CBridge), a research initiative focused on developing user-centered, intermodal mobility solutions. 
The application is deliberately limited to the vehicle concept to ensure methodological clarity. The results show that 
systematically linking trends, prognoses, indicators, and product characteristics allows the identification of sensitive 
product properties and key indicators that are critical for long-term product robustness. Furthermore, the case study 
reveals methodological refinement needs, particularly regarding evaluation schemes, normalization of assessment 
scales, and usability in practical application which is partially implemented. Overall, the findings indicate that 
continuous monitoring can significantly enhance decision-making robustness and adaptability in long-term product 
development under uncertainty. 
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1. Introduction
In a world that is changing faster than ever, market needs, demand, and product requirements become increasingly 
dynamic. This creates a challenge for companies to meet evolving market demands throughout lengthy 
product‑development cycles while remaining competitive. (Albers et al., 2021) In the 19th century, Charles Darwin 
demonstrated that survival hinges not on strength or intelligence but on the capacity to adapt swiftly to change (Harris, 
2009). Schumpeter’s theory of “creative destruction” articulated that economic progress emerges from the continual 
replacement of outdated structures by novel ones, making innovation a pivotal driver of market success (Schumpeter, 
1912). These foundational ideas resonate strongly in today’s business environment, where rapid technological 
advances and volatile market conditions demand that firms constantly reinvent their products and services. 

Product development faces a paradox: the design and engineering phases often span several years, while customer 
preferences, regulatory landscapes, and competitive pressures evolve continuously (Cooper & Kleinschmidt, 1993; 
Weissenberger-Eibl & Almeida, 2019). Early‑stage foresight activities, such as scenario analysis, allow organizations 
to embed anticipated future requirements into the product‑engineering process (PEP) and to align initial specifications 
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with long‑term market expectations (Albers et al., 2013; Fink & Siebe, 2016). However, as the PEP progresses, the 
assumptions that underpinned those early decisions tend to lose relevance, creating a risk that subsequent design 
choices are based on increasingly outdated expectations (Siebe, 2018). 
 
Recent literature acknowledges that strategic foresight has only been partially integrated into the PEP and that 
systematic monitoring of product properties remains underdeveloped (Albers, Dumitrescu, et al., 2018; Thümmel, 
Schwarz, et al., 2023; Weissenberger-Eibl, 2025). Without a mechanism to regularly validate and, if necessary, adjust 
the underlying assumptions, firms may overlook shifts in customer needs or regulatory requirements, leading to costly 
redesigns, delayed market entry, and erosion of competitive advantage (Marthaler, 2021; Thümmel, Kleinschrot, et 
al., 2023). 
 
Addressing this deficiency, the present paper uses a framework that continuously assesses the validity of 
foresight‑derived assumptions throughout the entire PEP. The framework was previously developed as part of the 
overarching research (Thümmel, Ebi, et al., 2025; Thümmel, Schmidt, et al., 2025) in which this paper also belongs. 
By coupling scenario‑based anticipation with real‑time monitoring of market signals, regulatory updates, and technical 
constraints, the framework enables decision makers to proactively recalibrate product specifications, thereby 
mitigating downstream redesign costs and preserving market relevance. Within this paper the framework will be 
evaluated through a case study demonstrating its applicability and identify potential for improvement. 
 
2. State of Research 
2.1 Product Engineering Process – From the Idea to Innovation 
The product engineering process (PEP) is part of the product life cycle and encompasses all activities from strategic 
planning and product development to production system development and the start of production. It can be understood 
as an "interplay of different activities" (Albers & Gausemeier, 2012). Product development in the early phases is 
particularly critical, as decisions made there strongly influence subsequent stages and largely determine overall project 
success (Cooper & Kleinschmidt, 1993; Verganti, 1997). Product development is a continuous interplay between the 
system of objectives, the operating system, and the system of objects (Ropohl, 1975).  
 
Building on this system triplet, Albers, Reiss, et al. (2016) developed the integrated Product engineering Model 
(iPeM), which structures the PEP into phases with core and support activities. Within iPeM, multiple product 
generations, the associated production systems, overarching strategies, and validation systems are represented on 
different levels (Albers, Reiss, et al., 2016). Products and systems are typically developed across generations based 
on reference systems. To describe this, Albers and Rapp (2022) introduced the descriptive model of System Generation 
Engineering (SGE). In this view, products are conceived as systems that are perceived and used as products, while 
several successive generations are developed in parallel but at different stages of maturity. Elements of the reference 
system are transferred into new system generations through mechanisms such as adoption, differentiation, and 
principle variation (Albers, Kürten, et al., 2022). The activities validation and verification are considered fundamental 
elements in the PEP (Albers, Behrendt, et al., 2016). These two activities are very important from the beginning of 
the development because the later changes must be made, the more expensive the development becomes and is 
therefore subject to losses. This is described by the "Rule of Ten" according to Ehrlenspiel et al. (2020). 
 
Foresighted, systems-oriented development forms the basis for future innovation (Albers & Gausemeier, 2012). 
Innovation is often defined as the successful realization of a technical invention in the market as a product 
(Schumpeter, 1939). Albers, Heimicke, et al. (2018) extended this understanding with the concept of the product 
profile. A product profile models the situation of needs and the benefits for provider, customer, and user, thereby 
delineating a solution space for product design and enabling a systematic validation of benefits. This aligns with 
Patnaik and Becker (1999), who argue that development activities should initially focus on understanding needs rather 
than specifying solutions, in order to keep the solution space open and avoid premature fixation. 
 
2.2 Strategic Foresight – Looking into the Future 
Rapid technological progress, political change, and increasing societal uncertainty have intensified the need to better 
anticipate future developments (Schwarz, 2023). One of the main reasons for using strategic foresight in product 
development lies in the long iteration cycles and long development times of complex products, as well as the ambition 
to generate innovation (Gausemeier, 2019). While strategic foresight was initially treated as a separate process, it is 
increasingly being integrated directly into the PEP (Müller, 2008).  
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Strategic foresight originates from future management, whose purpose is to enable organizations to respond adaptively 
and quickly to anticipated changes (Westkämper, 2006, 2009). With increasing time horizon, three levels are 
distinguished: operational, tactical, and strategic. Depending on the time horizon addressed, different instruments of 
foresight are used: prognoses (short-term), trends (medium-term), and scenarios (long-term) (Siebe, 2018). Scenarios 
are intended to depict possible future developments. In contrast to trends, they are based on open and interconnected 
thinking and can be constructed with different focuses, for instance on the environment, customers, or technologies 
(Fink & Siebe, 2011, 2016). 
 
The scenario technique according to Gausemeier et al. (1998) consists of five main steps. Starting from an analysis of 
a predefined scenario field—often described with a system model—factors that characterize the current situation are 
identified. From these, a manageable set of key factors is selected based on evaluation criteria. For each key factor, 
alternative future projections are formulated along two defined dimensions. Scenarios emerge from the plausible 
combination of one projection per key factor. They are positioned on a map of the future space and described in detail. 
Finally, measures can be derived via scenario transfer, linking foresight results to strategic decision-making and 
planning (Gausemeier, 2019; Gausemeier et al., 1998; Siebe, 2018). 
 
Besides supporting the strategic orientation of companies, scenarios and other foresight instruments are increasingly 
used to derive product properties and characteristics for integration into the PEP. The objective is to anticipate future 
market requirements and customer needs by integrating elements of trend and future research (Weissenberger-Eibl & 
Almeida, 2019). Meyer-Schwickerath (2014) examined how scenario techniques and strategic early warning – derived 
from strategic foresight – can be linked to the PEP within the iPeM framework. He showed how foresight results can 
be embedded into the PEP via the system of objectives. Building on this, Albers, Dumitrescu, et al. (2018) pointed out 
the need for a methodological bridge between envisioned futures and technical subsystems. Albers, Marthaler, et al. 
(2022) developed an approach for deriving product profiles and properties of future product generations based on 
strategic foresight. These properties are assessed for their future relevance, among other methods using the Kano 
model. If certain properties consistently contribute to customer satisfaction across different scenarios, they are 
considered future-robust. The resulting properties form an important basis for defining the PEP’s system of objectives 
(Marthaler, 2021; Meyer-Schwickerath, 2014). 
 
Thümmel et al. (2022) distinguish between future-oriented and future-robust product development strategies. Kuebler, 
Schuster, et al. (2023) proposed another foresight-based approach that focuses on planning upgrades and updates for 
products. Product properties derived from scenarios are classified as either static or dynamic. Static properties are 
robust across multiple scenarios and can be designed with long-term stability in mind, while dynamic properties should 
be designed in an upgradable manner so that products can be adapted to different future developments. The 
combination of such properties enables the definition of product scenarios, which represent alternative product 
configurations analogous to environmental scenarios. In both future-robust and upgrade-oriented approaches, 
roadmaps can be generated to prioritize development activities and plan product evolution over time. (Albers et al., 
2023; Kuebler, Schuster, et al., 2023; Kuebler, Thümmel, et al., 2023) 
 
2.3 Monitoring in Strategic Foresight and Product Engineering 
Monitoring is defined as the “targeted, continuous observation of specific sections and objects of a system to record 
information about activities and changes” (Sieg, 2007). It is a fundamental activity in companies and is already firmly 
established in various areas. Within the PEP, monitoring supports the assessment of the status of research, 
development, and production (Gruber et al., 2003; Gruber & Venter, 2006). 
 
In strategic foresight, monitoring is an essential component of the process due to the high rate of change in the 
environment. It ensures that developments are observed continuously and that their implications can be reassessed. 
Monitoring is embedded in both scenario controlling and trend management and thus directly influences the evolution 
of key factors in scenarios (Fink & Siebe, 2016). In scenario controlling, the relevant areas of the future space defined 
by the scenarios are regularly examined to identify unforeseen environmental changes at an early stage. The first step 
is to determine whether and how these changes affect the initially assessed probabilities of the scenarios. Trend 
management deals with developments over time by continuously observing known trends and identifying new, 
unexpected trends. Such changes are documented and, if necessary, transferred into the existing scenarios in the form 
of new or adapted projections. 
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An analysis of various scenario development methods has identified influencing and key factors as central elements 
and therefore as promising starting points for monitoring. However, a subsequent examination of available monitoring 
methods revealed a lack of structured approaches for continuously integrating monitoring of future environmental 
developments into the PEP (Thümmel, Kleinschrot, et al., 2023). This indicates a need for methodological support. 
To address this gap, Albers et al. (2024) introduced a specific definition of monitoring in the context of the PEP. In 
this understanding, monitoring is classified as part of validation activities. It systematically searches for information 
on previously identified indicators that are relevant for the future environment. Through structured observation during 
product development, monitoring is intended to support cross-generational recognition of changes and to enable the 
initiation of appropriate actions. To evaluate product alignment and detect deviations, product profiles have been 
positioned within the future space using equivalent scenarios (Thümmel, Kiss, et al., 2024). Further, building on a 
developed descriptive model (Thümmel, Urbina Puch, et al., 2024) and a process model (Thümmel, Heller, et al., 
2024), an approach for continuous monitoring of product properties between strategic foresight and the PEP was 
developed (Thümmel, Ebi, et al., 2025; Thümmel, Kuebler, et al., 2025; Thümmel, Schmidt, et al., 2025). The 
approach comprises three activities: Preparation, Metric and Monitoring Activity. 
 
3. Methodology 
3.1 Research Need and Research Goal 
In the product engineering process (PEP), engagement with future developments is currently performed only 
sporadically. Typically, a foresight analysis is conducted at the project’s initiation, and product parameters are derived 
and fixed based on its results. As the PEP progresses, the underlying assumptions are rarely re‑examined in a 
systematic way, even though contextual conditions, requirements, and market demand evolve over time. 
Consequently, later development decisions may rely on outdated expectations, and necessary adjustments are often 
made late – resulting in high correction costs. 
 
To close this gap, Thümmel, Schmidt, et al. (2025) propose a systematic approach for continuous monitoring that 
repeatedly subjects the initial assumptions and derived parameters to a target‑actual comparison throughout the entire 
PEP. Deviations are identified early and assessed by an interdisciplinary expert panel. Based on this evaluation, 
informed decisions can be taken to adjust requirements, target values, and design specifications as needed. The overall 
aim of the monitoring framework is to reduce development risks and to allocate time and resources more efficiently 
within the product engineering process. In this paper, the developed approach will be applied to a case study which 
should show its applicability. Furthermore, potential for improvement should be identified to enhance the framework. 
 
3.2 Research Methodology 
To reach the goal set, the following research question was derived: “What methodological adaptations and 
development potential can be derived from the experiences gained by applying the systematic approach for continuous 
monitoring to the project C2CBridge?” 
 
Following the Design Research Methodology (DRM) by Blessing and Chakrabarti (2009), this research utilizes a case 
study as an application evaluation. By implementing the proposed approach within a live project, the study aims to 
assess its usability and applicability in a complex design environment. This descriptive approach provides empirical 
evidence on whether the proposed support effectively addresses the initial research criteria under real-world 
conditions. The main application was done by one person but in constant exchange with two experts from the project 
consortium. Especially to implement knowledge about the vehicle concept, its functions and properties this was 
crucial. 
 
3.3 Research Environment 
The case study in this paper was conducted in the project Country to City Bridge (C2CBridge). This collaborative 
initiative is part of the German Center for Future Mobility and receives funding from the German Federal Ministry 
for Digital and Transport. The overall aim of C2CBridge is to design user-focused public transportation solutions that 
serve as compelling alternatives to private vehicle usage for commuting between rural and urban regions. 
 
This initiative explores a comprehensive mobility framework featuring autonomous, platoon-ready on-demand taxis 
of passenger car size, coupled with smart transfer hubs. To ensure active participation from citizens and stakeholders 
during the development phase, the project utilizes immersive visualization technologies. The proposed vehicle concept 
is not designed to supersede traditional public transit or solely address last-mile logistics. Instead, the project aims to 
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determine how distinct transportation modes can be seamlessly integrated and how transitions between them can be 
most effectively structured. 
 
Primary research inquiries focus on pinpointing the specific types and levels of personalization required to facilitate a 
behavioral shift toward sustainable, intermodal, and multimodal travel. The project consortium is composed of diverse 
research institutions specializing in mobility, transportation, and product development. Within this cross-disciplinary 
partnership, both established strategies and novel methodologies are being implemented, optimized, and assessed. 
(C2CBridge Project Proposal, 2023; Thümmel, Kempf, et al., 2025). 
 
4. Results 
In this paper, the systematic approach for continuous monitoring and validation of product properties in the product 
engineering process, developed by Thümmel, Schmidt, et al. (2025), is used as a foundation. The included process 
model consists of three activities forming a dynamic monitoring framework. The Preparation Activity defines scope, 
sources, and an expert team. The Metric Activity combines foresight with environmental scanning for weak signals. 
Tipping points are set by linking indicators/indications to product properties and defining thresholds. The Monitoring 
Activity tracks deviations to update thresholds and triggers actions. The process model is visualized in Figure 1. 
 
The approach bridges strategic foresight and operational monitoring by establishing a continuous loop that 
early‑detects relevant environmental changes, translates them into quantifiable indicators, and derives corrective 
actions to keep products competitive throughout long development cycles.  
 
It starts with a Preparation Activity where overarching goals are defined and both internal sources (product databases, 
KPIs, etc.) and external sources (industry reports, trend analyses, etc.) are selected. Also, a team is built as well as 
experts selected that will be consulted during the conduction of the approach.  
 
In the subsequent Metric Activity, insights from foresight and environment analyses are converted into a hybrid set 
of indicators and indications. Scenario‑based foresight identifies future‑relevant drivers and maps them onto concrete 
product functions like resilience or adaptability, while systematic environment scanning gathers signals, e.g. from 
patents, conference papers and media. Quantitative thresholds are then derived from historical data, expert workshops 
or benchmarking and are continuously refined as new monitoring results or market developments arise. 
 
During the Monitoring Activity, the defined metrics are applied continuously, with actual values routinely compared 
against the pre‑set thresholds. When a deviation exceeds the limit, a decision‑making must be made which could 
include actions in a technical (e.g., material changes), strategic (e.g., target‑value adjustments) or communicative (e.g., 
stakeholder briefings) manner. Parallel supporting activities ensure comprehensive documentation in a central 
knowledge repository and structured communication among stakeholders (Figure 1). 
 

  
 

Figure 1. Process model of the approach for continuous monitoring of product  
properties against future development (Thümmel, Schmidt, et al., 2025) 
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4.1 Preparation Activity 
Successful monitoring requires thorough preparation. During the initialization, all prerequisites on which the 
monitoring process is based are established. First, the scope and objectives are clearly defined and communicated to 
create a shared understanding within the team. In our application example, the overarching objective is to establish an 
early warning system for changes that may potentially influence the vehicle concept within the C2CBridge project. 
At the same time, clear boundaries are set, specifying what is included in the monitoring process and what is explicitly 
excluded. Within the C2CBridge project the focus is on the vehicle/shuttle. Analyzing the entire project would not be 
feasible due to its scope. The work was primarily conducted by a single individual, with appropriate support of several 
experts within the project provided at relevant stages. 
 
Building on this, the information base is established. Appropriate data and information sources are identified and 
documented to ensure transparent and traceable information acquisition. In addition, communication is defined. In our 
application example, this included the specification of communication interfaces with the PEP and project 
management, for instance through expert workshops. Finally, documentation standards are defined. In this application 
context, documentation is carried out using Microsoft Excel to enable efficient updating and evaluation. 
 
4.2 Metric Activity 
4.2.1 Foresight Analysis 
In the foresight analysis, existing future scenarios are considered. Those were created earlier and represent possible 
developments within the mobility context (Thümmel, Kempf, et al., 2025). The eight scenarios range from 
autonomous to non-autonomous mobility concepts and from strong public transport usage to a dominance of private 
individual transport. These scenarios were developed based on key factors that were elaborated in expert workshops.  
Besides scenarios, also trends and prognoses are considered. It became evident that a clear distinction between 
prognoses and trends is meaningful. Prognoses are derived from internal data and project-specific developments, 
whereas trends describe external market and technological developments. For example, the trend “City OS” represents 
a general development within the industry, while the prognoses “Connected Intelligence” emerged from internal 
projections, in which vehicle–cloud integration was predicted to become a standard feature in 90% of new vehicles. 
For the C2CBridge project, relevant trends were identified in an initial step. For this purpose, the Trendmanager 
(Trendone) was used, complemented by AI-supported tools such as ChatGPT (OpenAI) and Gemini (Google). Prior 
to use, all information was reviewed for accuracy by an expert panel. For prompt formulation, an established schema 
was applied, which is also recommended by the platforms themselves. First, a role to be assumed by the AI is defined. 
Subsequently, the task and objective are described, and the context is specified. This is followed by requirements 
regarding the output format, and, if necessary, additional dos and don’ts. This structured approach improves 
transparency and increases the likelihood of targeted and consistent results. Within the Trendmanager, trends are 
categorized into micro, macro, and megatrends, hierarchically structured, and grouped into clusters. For the present 
analysis, macro trends were primarily considered, as they describe concrete developments while remaining sufficiently 
general for the application context. An example is the trend “Connected Mobility,” which aggregates various solution 
approaches to meeting mobility needs. To ensure structure and traceability, a short description and the corresponding 
source were documented for each trend; when AI tools were used, the search term or prompt, the model applied, and 
the date were additionally recorded. 
 
In the next step, the trends were evaluated according to their relevance and probability. The evaluation was based on 
the assessment scheme (see Figure 2). For the application example, minor adjustments were made to the wording of 
the evaluation criteria in comparison to the existing scheme of the existing approach (Thümmel, Schmidt, et al., 2025). 
On the probability dimension, the criteria “time horizon” and “scope and impact” were revised. For the time horizon, 
criteria 1 and 2 were adapted to short-term (1) and medium-term (2), as distinguishing developments occurring earlier 
or later than four years proved difficult, whereas an assessment in terms of short- or medium-term is more intuitive. 
For the same reason, the scale for scope and impact was adjusted to: negligible (0), weak (1), moderate (2), and strong 
(3). Regarding relevance, the criterion related to the degree of control was also modified; the new order is free 
development (0), medium to high (1), low (2), and no control (3). A high score (i.e., no room for action) is considered 
critical, which necessitated reversing the order of the scale. 
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Figure 2. General evaluation framework using the example of assessing key 
factors in foresight results. Adapted from Thümmel, Schmidt, et al. (2025). 

 
Furthermore, it became apparent that the preselection of topic-specific trends resulted in both probability and relevance 
being assigned very high values. These evaluations serve internal prioritization purposes and should not be interpreted 
as statistical truth. To achieve better differentiation between values and to use a more generally applicable scale, both 
dimensions were normalized to a range of 0–1. Additional weighting of individual factors enabled further fine-tuning 
of the evaluation criteria. In the final step, the normalized values are assigned to predefined action areas (I–VI), see 
Figure 3. For this purpose, the quantified mean value μ and the standard deviation σ are used to define the boundaries 
according to 𝐺𝐺 =  𝜇𝜇 ± 𝑏𝑏, with 𝑏𝑏 =  𝜎𝜎 ∗ 𝑘𝑘, where k represents the sensitivity factor. The sensitivity factor allows for 
manual fine adjustment of the boundaries within tolerable ranges to ensure a balanced distribution across the 
categories. This is necessary because the categories serve as a basis for further evaluations, and a monopolized 
distribution would not be appropriate. For improved usability, the categories are additionally highlighted in the used 
Excel sheets using color coding. 
 

 
Figure 3. Portfolio Diagram with Sections (Thümmel, Schmidt, et al., 2025) 

 
Finally, the product to be developed is subjected to an in-depth analysis. The objective of this step is to systematically 
identify and structure the relevant product characteristics as well as product and sub-functions to comprehensively 
describe the product and its functional interrelationships. Both technical and user-related aspects are considered. The 
analysis focuses on function-relevant features, interactions between individual product components, requirements for 
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system architecture, and aspects of user-friendly and practical design. This work was carried out in an expert workshop 
with two specialists from the vehicle domain within C2CBridge. The interdisciplinary exchange enabled the 
integration of different perspectives and ensured a comprehensive understanding of the product. In total, 34 product 
characteristics and functions were discussed and subsequently evaluated regarding their relevance. This includes e.g. 
the SAE-level of autonomous driving, the range or the interior cleaning detection. 
 
4.2.2 Indicator Formation 
The indicators are developed by an expert panel and formulated according to the SMART principle to ensure a clear 
and consistent definition. As a result, the indicators are described in a specific, measurable, achievable, relevant, and 
time-bound manner, which enhances shared understanding within the team and facilitates subsequent evaluations. In 
addition, a brief description and a clearly defined measurement method are documented for each indicator to ensure 
unambiguous and traceable data collection. Examples are advances in sensor technology, development of battery 
technologies, and digitalization of fleet management. 
 
In the subsequent step, an indicator-evaluation matrix is created in which the indicators are mapped against the 
previously defined product characteristics and functions. The objective is to assess the strength and nature of the 
impact of each indicator on a given product characteristic, thereby determining the indicator’s relevance with respect 
to the product. Based on the defined evaluation system, key indicators can be identified, while particularly sensitive 
product characteristics and functions become visible. The results form the basis for subsequent prioritization within 
the monitoring process. 
 
4.2.3 Environment Scanning & Indication Identification 
In the next step, the environmental analysis is conducted, in which the environment is systematically “scanned” to 
identify relevant current developments at an early stage. As an established tool, the Trendmanager is used for this 
purpose, as it provides a structured aggregation of cross-sectoral and up-to-date developments. Within the scanning 
process, news and information are first collected and documented. Based on this raw information, indications are 
subsequently derived, which serve as condensed signals of potentially relevant changes for the monitoring process. 
Relevant information is researched and consolidated from news. In practice, it has proven particularly important to 
formulate indications in a measurable and unambiguous manner. Therefore, the information is re-formulated 
according to the well-established SMART principle from project management, ensuring that they are specific, 
measurable, achievable, relevant, and time-bound. This formulation facilitates clear differentiation between individual 
indications while simultaneously enhancing comprehensibility and traceability. An example of an indication is: 
“LiDAR sensors available for under USD 500 in series production by 2027.” 
 
The derived indications are then assessed using the same selection and evaluation process that was previously applied 
to trends and prognoses. To ensure the traceability of the indications’ relevance and timeliness over time, each 
indication is additionally assigned a date. This makes the “age” of an indication transparent, allowing for re-evaluation 
after a defined period or for outdated or no longer relevant indications to be deliberately removed from the monitoring 
system. 
 
4.2.4 Threshold Determination 
In the next step, an indicator–indication evaluation matrix is created, in which the previously defined indicators are 
systematically mapped against the identified indications. The objective is to assess the extent and manner in which 
individual indicators are represented, influenced, or confirmed by indications, thereby determining the relevance of 
the indicators in the context of the observed environmental developments. Based on the defined evaluation system, 
key indicators with particularly high explanatory power in relation to relevant indications can be identified. At the 
same time, indications that exhibit increased sensitivity to changes in individual indicators become visible. 
 
In the subsequent step, potential thresholds are defined by analyzing the expected temporal development of the 
indicators and identifying possible points of deviation. For this purpose, historical values are used to define an 
expected range based on the derived mean in combination with the standard deviation, within which the next value is 
forecasted. If subsequent updates yield values outside this expected range, this indicates a deviation from the 
anticipated trajectory of the threshold. Such a deviation may potentially have implications for the overall product. In 
this case, it must be assessed whether appropriate courses of action need to be derived and initiated. 
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Within the C2CBridge project, the average curb weight of passenger cars was considered as an illustrative indicator. 
A significant deviation from the expected trajectory may have direct implications for product design. For example, a 
substantial increase in vehicle weight could require the use of lighter sensors, whereas a decrease in weight might 
allow for the integration of additional sensor technology. Methodologically, a slight upward trend in average vehicle 
curb weight over recent years was identified based on historical data. Accordingly, an expected range was defined 
within which future development should occur. Deviations from this range are interpreted as potential tipping points 
and may provide indications of a possible need for adaptation in the product concept. 
 
4.3 Monitoring Activity 
In the last step, a continuous monitoring of the previously identified indicators and indications is carried out. The 
primary focus is on threshold definitions, which are continuously reviewed and updated. In this process, it is assessed 
whether the initially assumed developments and time horizons are occurring as expected or whether relevant 
deviations can be identified. An overview page within the Excel document used serves as guidance. It enables a simple, 
transparent, and effective application of continuous monitoring. This ensures that even untrained stakeholders can 
gain quick and intuitive access to the monitoring process. 
 
The environmental analysis is continuously updated by integrating new and relevant information and news based on 
scanning. Existing indications are re-evaluated or additional indications are derived. The updated indications are 
subsequently incorporated into the evaluation matrix, with particular attention given to changes in the classification 
or category of the indications. In the case of significant changes, it must always be assessed whether appropriate 
courses of action need to be derived. If changes to the product occur during the product engineering process, the 
underlying indicators as well as the defined product characteristics must also be reviewed and, if necessary, adjusted. 
 
5. Conclusion and Outlook 
This paper applied the systematic approach for continuous monitoring and validation of product properties in the 
product engineering process (PEP) to the C2CBridge project to assess its practical applicability and identify potential 
for methodological refinement. The case study demonstrates that the approach effectively closes a relevant gap in 
current PEP practice by enabling a structured and continuous reassessment of initially assumed future developments 
and derived product properties. 
 
The results show that the combination of foresight analysis, environmental scanning, and indicator-based threshold 
monitoring provides a robust framework for early detection of relevant environmental changes. By systematically 
linking trends, prognoses, indicators, and product characteristics, the approach supports transparent decision-making 
and allows potential deviations to be identified at an early stage. In the C2CBridge application, this enabled the 
identification of sensitive product properties and key indicators that are particularly relevant for the vehicle concept, 
thereby improving risk awareness and supporting proactive adaptation measures. 
 
At the same time, the case study revealed several areas for further development. Methodological adaptations were 
required, particularly regarding the evaluation schemes for relevance and probability. Normalization of scales and 
sensitivity-based categorization proved necessary to ensure meaningful differentiation and practical usability in a 
project-specific context. In addition, the effort required for data preparation, evaluation, and documentation highlights 
the importance of tool support and standardized templates to facilitate efficient application, especially in larger or 
more complex projects. 
 
Looking ahead, future research should focus on validating the approach across additional case studies with different 
product types, development durations, and organizational settings to assess its generalizability. Further work could 
also explore a stronger integration of digital tools, such as automated data collection, dashboard-based visualization, 
and advanced analytics, to reduce manual effort and improve scalability. Moreover, the integration of continuous 
monitoring results into existing decision-making and governance structures within the PEP represents an important 
area for further investigation. 
 
Overall, the findings indicate that systematic continuous monitoring represents a valuable extension to established 
product development practices. When appropriately adapted to the project context, the approach has the potential to 
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significantly enhance robustness, flexibility, and future readiness of products developed under uncertain and dynamic 
conditions. 
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