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TOPIC OUTLINE 

Summary in Croatian 
(no more than 1000 characters 
with spaces): 

Proces konstruiranja u svojoj osnovi sastoji se od suradnje konstruktora koji svojim vještinama i 
znanjem kroz različite aktivnosti doprinose razvoju tehničkih sustava. U tom kontekstu, nove 
tehnologije kao što su suradničko računalom potpomognuto konstruiranje (CAD) i umjetna 
inteligencija imaju ključnu ulogu. Konkretni utjecaj pomoćne tehnologije za umjetnu inteligenciju na 
suradničke CAD aktivnosti još nije dovoljno istražen. Zbog toga, cilj ovog istraživanja je razviti 
teorijski model kojim će se objasniti utjecaj pomoćne tehnologije za umjetnu inteligenciju na sinkrone 
suradničke CAD aktivnosti. Istraživanje nastoji razviti metodu za mjerenje utjecaja pomoćne 
tehnologije za umjetnu inteligenciju na te aktivnosti, s ciljem olakšanja procjene konačnih efekata. 
Očekivani doprinosi ovog istraživanja uključuju spoznaje koje će biti korisne za organizaciju i 
upravljanje suradničkim CAD aktivnostima uz podršku pomoćne tehnologije za umjetnu inteligenciju. 

Summary in English (no more 
than 1000 characters with 
spaces): 

The engineering design process is inherently a collaborative endeavour, involving multiple designers 
who contribute their skills and knowledge through various design activities to develop technical 
systems. In this context, emerging technologies like collaborative CAD and AI assistive technologies 
play a vital role. However, the specific impact of AI assistive technologies on collaborative CAD 
activities remains unexplored. This research, therefore, aims to develop a theoretical model to 
understand how AI assistive technologies influence synchronous collaborative CAD activities. 
Additionally, the study seeks to create a method to measure the impact of AI assistive technologies 
on these activities, ultimately facilitating an evaluation of their effect on synchronous collaborative 
CAD activities. The expected contributions of this research include insights that will inform the 
organization and management of AI-assisted collaborative CAD activities. 

Introduction and overview of research conducted hitherto (suggested length: 7000 characters with spaces) 

Engineering design is a complex and multifaceted process, transforming initial requirements and problem descriptions into technical 
system representations [1]. The process involves various design activities that collectively lead to the development of a product. The 
engineering design process extends beyond individual designers' capabilities and is fundamentally a social process, relaying on the 
collaborative efforts of multiple designers. Each contributor brings unique skills and knowledge to achieve a common goal [2]. This 
approach to design is known as collaborative design, which spans all stages of product development, from conceptual to detailed design 
[3].  
Computer-Aided Design (CAD) plays a pivotal role in supporting these design processes. CAD allow designers to create digital 
representations of design (CAD models) and test products virtually before physical manufacturing [4]. This technology has become 
integral to most engineering design activities. Moreover, the advent of collaborative CAD enables multiple designers to work to the 
same CAD file synchronously, irrespective of their location [4].  
CAD has garnered significant research attention due to its ability to address common collaboration challenges such as cloud-based 
synchronous editing, seamless file-sharing, and the visibility of design changes [4] As a result, the literature on collaborative CAD 
activities have mainly focused on the process and problems in collaborative CAD, analysing both behavioural and outcome aspects. 

https://doi.org/10.1017/pds.2021.480
https://doi.org/10.3390/app10186303
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The behavioural facet encompasses elements inherent to CAD and collaboration, such as productivity [5], CAD modelling styles [6] and 
their sequential nature [7] considering design space and types of CAD user actions [8]. On the collaboration side, factors such as  
communication and coordination [6], contribution [8], or the sensitivity of number of individuals collaborating [9] are examined. Outcomes 
are assessed in terms of completeness and consistency [5] or the quality of CAD models relative to design requirements [10]. Different 
working styles in collaborative CAD, such as synchronous (each designer collaborating in CAD can edit a CAD model simultaneously) 
or shared (designers collaborating share one control of the CAD interface and model) approaches, have also been explored [5]. 
Considering synchronous working style, literature has yielded contrasting results, with some evidence suggesting that synchronous 
collaborative CAD enhances efficiency and the quality of CAD work [11] while others found it does not align with higher performance 
[12]. Although these studies provide insights into the various elements that are influenced by synchronous collaborative CAD activities, 
being primarily descriptive, they lack a comprehensive approach to thoroughly understand these elements, including a lack of support 
to measure, assess, and analyse them.  
Artificial Intelligence (AI) is increasingly recognized in engineering design [13]. Its application in design spans from conceptual [14] to 
detailed design [15] phases, enhancing efficiency, accuracy, and overall productivity. AI is defined as the ability to interpret data and 
learn from it [16]. It uses this knowledge to achieve specific objectives and potentially augment or replace humans in specific activities 
[17]. It operates in two operational modes: reactive and proactive. In a reactive mode, AI responds to requests or inputs prompted by a 
user, giving designers an active role. On the other hand, in the proactive mode, AI initiates actions without direct user prompting, 
considering the designer as a passive source of feedback. In both cases, AI engages in problem-solving and process-focused activities 
[18]. 
AI is more than just a tool for designers; it plays a vital role in supporting them within various tasks and activities [19]. This is primarily 
achieved through AI assistive technology, a socio-technical system involving a designer with specific goals, tasks needed to achieve 
those goals, and technology (software, hardware, and data) a designer interacts with to carry out tasks [20]. Literature on AI assistive 
technology [21] in design has primarily focused on evaluating its impact on the design process [22] or design effectiveness [23], but 
lacks research on collaboration in design, especially in the context of collaborative CAD. In the context of collaboration in CAD, studies 
have mainly focused on analysing the influence of AI assistive technology by comparing AI-assisted teams with non-AI-assisted ones, 
mainly through evaluating design outputs. Thus, Zhang's [24] research suggests that AI assistance may initially hinder high-performing 
teams but benefit low-performing ones, whereas Song [23] further supports the advantages of AI assistance in design team members' 
collaboration, showing enhanced team agility. However, while research highlights the potential advantages of AI assistive technology 
for both individual designers [25] and teams, there remains a need for a more holistic approach in understanding its impact within the 
context of collaborative CAD activities. 
Therefore, the proposed research seeks to explore the underexplored domain of synchronous collaborative CAD activities, focusing on 
the integration of AI assistive technology. In this context, AI-assisted collaborative CAD involves using collaborative CAD as a key 
support tool for design, with AI assistive technologies seamlessly integrated into the workflow of synchronous collaborative CAD. While 
the current literature on CAD activities [23], [24], [26] has utilized AI assistive technology in various capacities, the proposed study aims 
to investigate the impact of reactive AI assistive technologies on collaborative CAD activities. The goal is to develop a theoretical model 
that illustrates how AI assistive technology impacts collaborative CAD activities. Accompanying this model will be a methodology 
designed to quantify this impact. The focus of the research will be on identifying and understanding the various factors influenced by AI 
assistive technology, and how these factors affect designers collaborating in CAD environments. This model and method will help in 
evaluating AI assistive technology’s role in enhancing key aspects of synchronous work in collaborative CAD environments. 
 

Objective and hypotheses of research2 (suggested length: 700 characters with spaces) 

 
The objectives of the research are to: 
 

1. Develop a theoretical model to understand how AI assistive technology influences key aspects (such as efficiency, accuracy, 
creativity, or learning) of synchronous collaborative CAD activities. 

2. Develop a novel method for measuring the influence of AI assistive technology on synchronous collaborative CAD activities. 
3. Conduct a validation of the role of AI assistive technology in enhancing synchronous CAD activities, focusing on specific 

metrics of newly developed method. 
 
The hypothesis of the research is: 
 
The integration of AI assistive technology leads to measurable improvements in key aspects of synchronous collaborative CAD 
activities. 
 

Material, participants, methodology and plan of research (suggested length: 6500 characters with spaces) 

 
2 The sequence of listing the objective and hypotheses depends on the area of research.  
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The purpose of the research is to evaluate the influence of AI assistive technology in collaborative CAD activities, addressing the gap 
in understanding this influence and how to measure it. A prerequisite is a thorough theoretical understanding of synchronous 
collaborative CAD activities, their elements, and the means to assess them, particularly focusing on the influence of AI assistive 
technology. The research approach integrates Design Research Methodology (DRM) [27], Design Science Research framework [28] 
and the principles of Experimental Design Research [29], structured in four main stages: research clarification, descriptive study I, 
prescriptive study, and descriptive study II. 
 
Research clarification 
In the initial stage, an extensive exploration of existing literature on synchronous collaborative CAD activities and the use of AI assistive 
technology within these context is conducted. This stage is pivotal to gain a comprehensive understanding of the current state-of-the-
art in these domains while identifying gaps in the existing research. The literature reviews are primarily directed toward establishing a 
theoretical foundation within the context of collaborative design, synchronous collaborative CAD activities, and AI assistive technologies. 
it delves into a variety of theories, models, and concepts relevant to mentioned phenomena.  
The focus here is to conceptualize and operationalize collaborative CAD activities, identifying their key elements and factors influencing 
them. In addition, methods and tools for measuring and analysing these phenomena will be explored. This comprehensive review of 
existing experimental frameworks, guidelines, and protocols, spanning disciplines like engineering, psychology, human-AI teaming and 
human-computer interaction (HCI), aims to refine research goals, questions and hypotheses. 
 
Descriptive study I 
Following the research clarification, the second stage significantly expands upon the knowledge base established through the 
systematic literature review. This phase aims to deepen understanding by delving into more specialized literature and executing 
preliminary experimental studies. The objective is to further affirm the application of AI assistive technology in synchronous collaborative 
CAD activities and to identify factors it influences.  
This stage also involves assessing the suitability of various metrics, methods, methodologies, and tools for measuring the influence of 
AI assistive technology in synchronous collaborative CAD activities. A combination of quantitative and qualitative research methods will 
be employed, including subjective elements such as self-assessment scales, self-report questionnaires, and interviews, as well as 
performance-related approaches like the analysis of CAD log files, CAD modelling strategies, the degree of AI assistive technology 
utilization, and task completion time. The preliminary studies will be conducted at the University of Zagreb ’s Faculty of Mechanical 
Engineering and Naval Architecture (FMENA), using the available equipment of the Chair of Design and Product Development 
(CADLab). Participants in these studies will include both experienced engineering practitioners and engineering design students from 
FMENA, offering a comprehensive perspective that accounts for varying expertise of the individuals involved. 
 
Prescriptive study 
The third phase of the research methodology build upon insights gained from the Descriptive study I. It involves developing a theoretical 
model of AI assistive technology’s influence on synchronous collaborative CAD activities. This model will represent the current 
understanding and include the key elements and identified influencing factors. It serves as the foundation for developing a method to 
measure and potentially improve AI assistive technology’s influence on synchronous collaborative CAD activities. Furthermore, this 
model and the method will be crucial in evaluating AI assistive technology’s effect on enhancing synchronous collaborative CAD 
activities in the subsequent research stage. The gained understanding of the existing situation will be utilized in designing experimental 
studies for model and method validation. Designing the experimental studies will include defining the experimental setup, and combining 
exiting frameworks for data collection, processing, and analysis, such as the MUCAD-CLF framework [8] for the analysis of previously 
mentioned CAD-inherent elements or established methods to analyse the collaboration-inherent elements such as coordination or 
communication [30]. 
 
Descriptive study II 
The final stage focuses on validating the theoretical model through experimental studies, exploring the relationship between the use of 
AI assistive technologies and collaborative CAD. This validation aims to control influencing factors and analyse their effects on the 
proposed phenomena. The insights gained here will be pivotal in evaluating the influence of AI assistive technology in collaborative 
CAD activities.  
Apart from validating the theoretical models, this stage includes validating the developed method and assessing the effects of the 
identified influencing factors. The results of this validation will illuminate the advantages and disadvantages of the proposed method, 
offering insights into potential refinements. Moreover, the validation of the effects of identified influencing factors will determine if the 
developed method can effectively contribute to the improving the evaluation of the influence of AI assistive technologies on collaborative 
CAD activities. The ultimate goal of this stage is to confirm or reject the main research hypothesis by comparing the research results 
with empirical data and identifying significant factors in the context of AI assistive technologies in synchronous collaborative CAD 
activities. 
In conclusion, the outcomes and datasets obtained will potentially be analysed using AI methods like machine learning and deep 
learning to support and automate the execution of collaborative CAD activities. 
 
 

Expected scientific contribution of proposed research (suggested length: 500 characters with spaces) 



S V E U Č I L I Š T E   U   Z A G R E B U 
U N I V E R S I T Y  OF  Z A G R E B 
DR.SC.-01 Request for approval of the dissertation topic 

Form DR.SC.-01 Request for approval of the dissertation topic – to be filled out by the applicant with the help of the proposed mentor  

6 

The scientific contributions of the proposed research are: 
1. A theoretical model to understand how AI assistive technology influences key aspects of synchronous collaborative CAD 

activities. 
2. A novel method for measuring the influence of AI assistive technology on synchronous collaborative CAD activities.  
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