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Abstract. The urgent need for building renovation is growing, yet the availability
of machine-readable data remains limited, hindering the decision-making process
for building owners. This paper addresses this gap by identifying key elements in
document digitization, data enrichment, and data analysis that are essential to
fostering trust in data processing. To address this, we developed a mock-up based
on design thinking principles that aims to consolidate existing building
information into a central, accessible location. This platform provides users with
a comprehensive overview of building data. We conducted a user study with 44
participants to evaluate the usability of the platform using the System Usability
Scale (SUS). The results showed a high SUS score, reflecting strong usability and
positive feedback. Participants highlighted the value of centralizing building data,
which significantly supports renovation decision-making. The results underscore
the platform’s potential to drive digital transformation in the building sectors,
marking a critical step forward in renovation planning.

1. Introduction

The renovation of existing buildings plays a crucial role in the realization of energy efficiency and
sustainability objectives as the construction industry is responsible for 38% of emissions in 2019
[1]. In Europe, a significant proportion of the building stock was constructed prior to 1980, a time
before the introduction of modern energy regulations such as the Building Energy Act [2]. This
has resulted in a high demand for renovation today, yet the availability of reliable building data,
like the floor area of the building or year of construction, remains limited making the renovation
planning process more complicated. When data is available, it frequently exists in a non-digital
format and is dispersed across multiple sources, often failing to accurately reflect the current state
of the buildings [3]. The trustworthiness of building data is a pivotal factor in enhancing the
efficacy of renovation planning [4], as inaccurate or outdated information can result in inefficient
planning and increased costs [5, 6]. The ability to verify and update building information is
therefore crucial for fostering trust in renovation data management.
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This paper explores how a user-centered, centralized platform can address these challenges
by improving data reliability and usability. It investigates the key elements of trust in building
renovation data management, examining how a usability-driven approach can enhance
confidence in centralized data platforms. To address this question, a usability study was
conducted, evaluating user interactions with a prototype platform. The study aims to identify
critical design principles that improve data reliability, user engagement, and overall trust.

The paper is structured as follows: Section 2 provides an overview of extant research on trust
in digital platforms and data management. Section 3 presents the case study, detailing the
usability evaluation process. Section 4 discusses the findings, and Section 5 concludes with key
takeaways and future research directions.

2. State of the art

2.1 Trustworthy data platforms in the construction industry

The construction industry is confronted with substantial challenges in the management and
integration of building data, attributable to the heterogeneity of data sources and the variability
of data formats [3]. Existing digital platforms aspire to centralize and streamline data access;
however, they frequently encounter interoperability and usability issues. An example of such a
platform is TABULA, which offers structured data on building typologies and energy performance.
Nevertheless, TABULA necessitates manual data entry and discrete analyses, impeding its efficacy
in automated decision-making processes [7].

A significant challenge in the development of data platforms in general is the establishment
of trust in the provided information [8]. Trust can be defined as the willingness of a party to be
vulnerable to the actions of another party based on the expectation that the latter will perform a
particular action important to the former, irrespective of the ability to monitor or control that
party [9]. While this concept originates from interpersonal relationships, the term trust was
expanded to how individuals interact with technological systems [10]. To cultivate trust in digital
data platforms, aspects such as data protection, availability, and quality assume a pivotal role [11].
The heterogeneity of data sources in the construction sector, coupled with the incessant growth
in data volume poses a significant challenge to the efficient management, processing, and analysis
of data. Especially in planning processes when renovating buildings, trust in data is important as
high-quality data “can facilitate accurate decision-making” [12]. At the same time a general lack
of trust in the construction industry, makes it difficult to build trust into new digital systems [13].
Research has shown that centralized data platforms can improve trust by offering a single, reliable
source of information rather than fragmented datasets spread across multiple systems [14]. In
addition, transparency mechanisms such as data provenance tracking and user feedback systems
contribute to higher perceived reliability and engagement [15].

2.2 User-centric design

In the context of developing new ideas, products or other soultions, usability emerges as a pivotal
factor in fostering trust among users [16]. Research findings suggest that individuals are more
inclined to interact with systems that offer intuitive navigation, clear data visualization, and
interactive feedback mechanisms [17]. Jakob Nielsen's usability heuristics [18] underscore the
significance of factors such as visibility, error prevention, and user control, which collectively
contribute to heightened trust levels in digital platforms. Advancements in user-centered design
have further enhanced digital platforms by incorporating iterative design processes that involve
direct user feedback [19]. This aligns with the Design Thinking (DT) approach, which emphasizes
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empathy-driven problem-solving and iterative prototyping to refine platform usability [20].
Therefore the DT approach was applied in this paper.

3. A centralized platform

3.1 Methodical approach

To investigate the usability of a centralized platform for building renovation data management, a
clickable prototype (a so-called “mock-up”) was developed. A mock-up is defined as an
exemplification of a system that is intended to provide the user with a general impression of the
planned system, albeit without the functionality of said system. [21] The design process followed
the DT approach, ensuring user involvement at every step. DT has emerged as a pervasive
approach for addressing complex problems and catalysing creative innovation processes within
organizations and therefore was chosen as a methodical approach [22]. The problem-solving
process involves people as well as business and technological factors. The driving force for the
emergence of DT was the difficult collaboration in creative processes within project teams when
the participants came from different disciplines. This problem is solved through a process in
which a common starting point is created for all participants, which leads to collaborative
knowledge generation and solution finding. [20] In this study, the five-stage approach of DT
according to [23] was applied (Figure 1) and used in three development phases. This iterative
approach integrated user feedback at each step, improving usability and aligning the platform
with user needs.
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Figure 1. Design thinking cycle according to [23]

In the first development phase of the DT cycle a user flow was created which was then
transformed into a wireframe in the second iteration phase and finally into a mock-up. The final
mock-up was created using the software Figma and served as proof of concept for a platform that
consolidates building data from multiple sources into a single, accessible location. Figure 2
exemplary shows the three development phases.

After developing the mock-up, a usability study was conducted to evaluate the effectiveness
of it. The study was conducted from July 9, 2024, to August 7, 2024, using a two-phase approach:
usability testing with the tool Maze and a following standardized questionnaire based on the
System Usability Scale (SUS) by Brooke [24]. Participants were asked to complete predefined
tasks within the mock-up and then rate their experience using the SUS questionnaire. To
complement the quantitative data, an open discussion round was held to gather qualitative
insights into specific usability and trust aspects.
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Figure 2. [llustration of the three development phases: user-flow, wireframe, mock-up (from left to
right)

The SUS is a widely used tool for assessing the usability of a system [26]. It consists of 10
standardized questions, each rated on a 5-point Likert scale (from 1 = strongly disagree to 5 =
strongly agree). The questions alternate between positive and negative statements, covering
aspects such as ease of use, system complexity, and confidence in usage (Table 1).

Table 1. Overview of the SUS questionnaire [24]

Statement

1. Ithink that I would like to use this system frequently.
2. Ifound the system unnecessarily complex.
3. Ithough the system was easy to use.

4. Ithink that [ would need the support of a technical person to be able to
use this system.

5. Ifound the various functions in this system were well integrated.
6. Ithought there was too much inconsistency in this system.

7. Twould imagine that most people would learn to use this system very
quickly.

8. Ifound the system very cumbersome to use.
9. Ifeltvery confident using the system.

10. I needed to learn a lot of things before I could get going with this
system.

The SUS score ranges from 0 to 100, with higher scores indicating higher perceived usability
[24]. Scores above 68 are generally considered above average, and scores of 80 and above are

IOP Publishing
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typically classified as excellent [25]. While the SUS principally measures usability, prior research
has demonstrated that usability is a foundational component of trust in digital tools [26, 27]. A
high SUS score indicates that users perceive the system as intuitive, transparent, and controllable.
These characteristics are all significant importance in the development of trust, especially among
non-expert users [28].

A total of 44 participants were included in the study, with an average age of 38 years (ranging
from 21 to 63). Participants were recruited via social media channels and through partners from
the researchers' immediate professional network. The participants were divided into two test
groups: one consisting of members from the project consortium (10 participants) and the rest of
the 34 participants recruited through newsletters, social media, and direct contacts. The
participants represented a variety of professional backgrounds, including property managers,
construction industry professionals, and software developers. The "other" category, which
included individuals from research institutions, accounted for 32% of the sample. A total of eight
out of 44 participants did not complete the SUS questionnaire or the usability test.

3.2 Description of the platform

The primary objective of the platform is to facilitate the decision-making process for the
renovation of existing buildings by centralising data. The tool is designed for use by portfolio
managers and municipal administrators who wish to make renovation decisions for their building
stock based on reliable information. To address the challenge posed by fragmented and
unstructured data, the platform integrates an Al-driven approach to the extraction of relevant
information from text and image documents, including energy certificates, building assessments
and layout plans. Important data points are defined as: General building type, year of construction
of the building, year of installation of the heating system, as well as the conditioned net floor area
(in m?) for non-residential buildings and the usable floor area (in m?) for residential buildings. In
a first step, floor plans are processed using a segmentation algorithm that identifies the three
elements: walls, windows and doors. Based on this analysis, an initial digital model is created. The
reliability of the extracted information is ensured by means of a human-in-the-loop validation
process, the purpose of which is to minimise the occurrence of Al hallucinations and to guarantee
the plausibility of the data. The results of this process are transferred into an IFC (Industry
Foundation Classes) model, which is then linked with public databases such as TABULA to
incorporate sustainability factors and standardized building typologies. With this consolidated
and verified dataset, the platform enables users to generate preliminary assessments of
renovation potential and the prioritization of interventions across their building portfolio.

3.3 Results of the usability study
A usability study was conducted to ascertain the platform's perceived benefits and areas for
improvement. Based on the qualitative feedback from participants and thematic coding of their
responses in the open discussion, the following elements were identified as most relevant for
building trust (in descending order of importance):
1. Transparency and clarity of data quality indicators
Nearly all participants emphasized the importance of understanding the quality of the
presented data. The traffic light system was positively received as a quick indicator, but
many expressed a desire for more detailed insights—particularly when data was flagged
as suboptimal. Suggestions included augmenting the system with percentage values,
scalable ratings, and clearer explanations of how benchmarks were calculated.
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2. Comprehensibility and interface clarity
Many participants described the platform as "easy to understand,” "clear,” and "well-
structured.” This strong positive feedback underlines that an intuitive layout plays a
fundamental role in building user trust—especially among those less experienced with
digital renovation tools.

3. Automation and reduced manual effort
Participants appreciated the automated analysis of building data, particularly as it
enabled quick initial assessments without the need for manual document review.
However, the perceived trustworthiness of automation was closely tied to transparency:
users expect automated processes to be both accurate and explainable. The human-in-
the-loop validation—where professionals correct or verify Al-generated results—was
seen as an important safeguard.

4. Guided workflows and usability
The structured process flow and interface features like a continuous progress bar
contributed positively to user experience and trust. These elements helped users feel
oriented and in control.

To systematically evaluate the usability of the platform, SUS was employed. The results of the
study (Table 2) demonstrate that the platform achieved a strong usability rating, with an overall
SUS score of 76.53. Internal users from the project team rated the platform slightly higher (79.75)
compared to external participants (75.29). Furthermore, the absence of a significant correlation
between age and perceived usability (correlation coefficient: 0.01) suggests that the platform's
usability remained consistent across different age groups.

Table 2. Results of the SUS questionnaire

Group Average Standard 1st Quartile Median 3rd Quartile  Correlation
SUS Score Deviation Age/SUS

Project 79.75 13.62 70.63 83.75 90 -0.25

group

External 75.29 14.18 68.75 75 85 0.13

Participants

Total 76.53 14.37 69.83 77.5 87.5 0.01

Beyond the issue of usability, participants provided detailed feedback in the discussion round
on the perceived value of the platform, with a frequently mentioned benefit being the ability to
quickly assess the condition of a building. This ability helps to identify optimization potential and
facilitate informed decision-making during the early stages of renovation planning. Users also
expressed appreciation for the centralization and integration of data, which eliminates the need
to manually collect and merge energy-related datasets from multiple sources. The automated data
processing capabilities of the platform were identified as a notable advantage, as they reduce
manual workload and facilitate seamless integration into analytical workflows, such as life cycle
assessments and reuse potential.
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4. Discussion

A primary limitation of the present study is the relatively limited sample size and the
heterogeneity of the participants. With a total of 44 test users, the study offers preliminary
insights into the usability of the platform and the perceived benefits to the users. However, the
relatively small sample size limits the generalizability of the findings, particularly considering the
diverse professional backgrounds of the participants. While the heterogeneity of the sample is
beneficial for obtaining broad feedback, it also raises the question of whether a more targeted
approach would be beneficial. Given that property managers are among the primary stakeholders
of the platform, focusing the study specifically on this user group could provide more precise
insights into their specific needs and challenges. A more homogeneous sample could help refine
key functionalities and ensure that the platform fully meets the requirements of its core users.

A comparison of the developed platform with existing platforms such as TABULA reveals
significant advancements in data integration and usability. While TABULA provides valuable
reference data on building typologies and energy performance, it requires manual data entry and
separate analysis [7]. In contrast, the developed platform automatically consolidates building data
from multiple sources into a single, accessible interface with an improved usability.

5. Conclusion and outlook

The developed platform mock-up shows the potential of an improvement in the renovation
planning process, achieved by centralizing building data and providing an intuitive user interface.
The use of design thinking principles from the initial design stage ensures a user-centered
approach. A mentioned feature of the developed platform mock-up is its user-friendly interface,
particularly the integration of interactive visualization. The conducted usability study revealed
that users found the interface intuitive and easy to navigate, suggesting that the platform
effectively addresses the common challenges of existing databases, such as complexity and limited
accessibility for non-experts. The high SUS score reflects the platform's strong usability and
positive user feedback. Finally, participants appreciated the platform's ability to consolidate data
from multiple sources, automate data processing, and support renovation decision-making.
Future research should prioritize the expansion of the platform's capabilities, such as
enhancing Al-driven features, refining data quality indicators and addressing user concerns
regarding Al transparency. Through continuous refinement of the platform based on user
feedback, it has the potential to become an indispensable tool for the building renovation sector,
promoting digital transformation and supporting sustainable development goals.
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