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bstract 

Mass Customization (MC) toolkits function as the primary interface between consumer heterogeneity and flexible 

manufacturing systems, facilitating the iterative configuration of personalized products. While widespread across 

industries, contemporary toolkit designs often rely on static "one-size-fits-all" frameworks that often struggle to account 

for the dynamic cognitive load imposed by varying solution spaces. This exploratory pilot study investigates user 

preferences regarding Degrees of Freedom (DoF) within MC interfaces. User interaction with a parametric lightshade 

configurator was examined across three distinct DoF levels (Low: 18, Medium: 23, and High: 28). The pilot observations 

suggest preliminary variation in user preference, and within the small exploratory sample (N=10), 4 participants showed 

differing preferences for the structured guidance of restricted options, while 6 participants preferred the granular control 

associated with high configurability. In addition, descriptive trends suggested that participants tended to prefer higher 

DoF levels for products perceived as more complex. The results argue the notion of a universally optimal option count 

and instead suggest the concept of Adaptive Degrees of Freedom (ADoF), in which toolkit complexity dynamically 

responds to differences in user expertise and product context. Given the small exploratory sample (N=10), these 

observations are descriptive and intended to generate hypotheses about adaptive interface design rather than to support 

statistical generalization. The primary contribution of this work is the clear illustration of user preference heterogeneity, 

which supports the foundational argument for developing and testing adaptive, context-aware DoF systems in future 

large-scale studies. 
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Introduction 

In the contemporary industrial landscape, characterized by the transition from Industry 4.0 to Industry 5.0, 

the focus of manufacturing has shifted from pure efficiency to human-centricity and resilience (Xu et al., 

2021). Within this paradigm, Mass Customization (MC) has emerged not merely as a production strategy, 

but as a mechanism for consumer empowerment, enabling the co-creation of products that align precisely 

with individual functional and aesthetic requirements (Bidgoli, 2010). 

However, the efficacy of MC is frequently compromised by the "paradox of choice." While consumers 

theoretically demand high customization potential, the cognitive load required to navigate extensive 

solution spaces can precipitate "mass confusion", a state of decision paralysis and diminished satisfaction 

(Huffman & Kahn, 1998). Traditional interface designs often present a static Degrees of Freedom (DoF), 

defined as the number of modifiable parameters available to the user. This static approach can limit the 

system’s ability to accommodate the heterogeneity of user expertise: a novice may find 20 options 

overwhelming, while an expert may find them restrictive. 

Current literature lacks a unified framework for optimizing DoF in the context of modern, algorithmic 

design tools. As noted by Zhao et al. (2018), there is a need for empirical heuristics that balance the 

informational value of options against the entropy they introduce to the user experience. This study 

addresses this gap through an exploratory pilot experiment. By examining user performance and preference 

across varying DoF levels for a lightshade toolkit, and exploring whether users tend to prefer these with 

product complexity, a theoretical shift toward Adaptive Degrees of Freedom (ADoF) is proposed. It is 

suggested that the "optimal" DoF is not a fixed integer but a dynamic variable, contingent upon the user's 

navigational capability and the product's structural complexity. While ADoF serves as a theoretical 

construct for balancing choice overload and restricted control, it requires a practical mechanism for 

execution. In this study, we operationalize ADoF as a behavior-driven system. Rather than relying on static, 

self-reported user profiles, a behavior-driven ADoF model dynamically adjusts the complexity of the 

customization toolkit by monitoring real-time user interaction metrics, such as hesitation, error rates, and 

task completion fluidity, to automatically expand or reduce the available degrees of freedom. This 

exploratory pilot asks whether preference for degrees of freedom varies by user and product context, and 

whether such variation might justify future adaptive interface designs.  

The primary contribution of this paper is not the validation of an adaptive interface system, but rather an 

exploratory pilot investigation that identifies preliminary heterogeneity in user preferences regarding 

Degrees of Freedom (DoF) in Mass Customization toolkits. Based on these observations, the study 

conceptually proposes Adaptive Degrees of Freedom (ADoF) as a future research direction for adaptive 

customization interfaces. 

Based on the foregoing literature, this exploratory study is guided by the following research questions:  

RQ1: How do preferences for the number of DoF in a customization toolkit vary within a small, 

heterogeneous user sample?  

RQ2: What preliminary, descriptive trends can be observed between users’ perception of product 

complexity and their preferred number of DoF? 

Literature Review 

1. The Solution Space and Complexity Metrics 

The core of any MC toolkit is the solution space, the set of all valid product configurations offered by the 

manufacturer (Hermans, 2012). Historically, the size of the solution space was viewed as a proxy for value. 

However, recent developments in information theory suggest that complexity should be measured not by 

the raw count of options (N), but by the Entropy (H) of the decision process. 
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2. Mass Confusion and the Inverted U-Shape 

The relationship between option variety and user satisfaction is widely theorized to follow an inverted U-

shape (Choi & Lee, 2015; Du et al., 2019; Huffman & Kahn, 1998). Satisfaction increases with variety up 

to a tipping point, after which "choice overload" degrades the experience. 

▪ Low DoF: Limits the "Configurability Index", the ratio of customizable revenue to total product value 

(Salvador et al., 2009), potentially leading to boredom or lack of fit. 

▪ High DoF: Increases the risk of mass confusion, where the cognitive cost of evaluation outweighs the 

marginal utility of the feature (Piller et al., 2005). 

Extensive meta-analytic evidence confirms the robust phenomenon of choice overload, where excessive 

options lead to decreased satisfaction, increased choice deferral, and decision fatigue (Chernev et al., 2015; 

Scheibehenne et al., 2010). While the current study focuses on these established dynamics, emerging 

theoretical perspectives suggest that this tipping point might eventually prove malleable. For example, 

future implementations of AI-driven Choice Navigation systems, such as recommender algorithms and 

conversational agents, are hypothesized to shift the curve, potentially allowing users to navigate massive 

solution spaces without experiencing overload (Felfernig et al., 2024). However, empirical testing of such 

AI-driven systems falls outside the scope of the present research. 

3. From Static to Adaptive Interfaces 

The evolution of human-computer interaction (HCI) has witnessed a significant paradigm shift from static 

designs to Adaptive User Interfaces (AUIs) that prioritize universal usability and continuous 

personalization (Miraz et al., 2021). Recent advancements in artificial intelligence, particularly deep 

learning and real-time AI-powered analytics, have enabled these systems to dynamically adjust to users’ 

cognitive loads and behavioral patterns rather than relying on rigid, one-size-fits-all layouts (Mukti & 

Trisilia, 2025). By leveraging these predictive technologies, modern AUIs can provide highly intuitive and 

tailored digital experiences that enhance overall user engagement and satisfaction (Devi et al., 2025). 

At the forefront of this dynamic adaptation process is the application of Reinforcement Learning (RL), 

which allows interfaces to intelligently optimize layouts and interactions based on continuous, data-driven 

user feedback (Sun et al., 2024). To refine these systems, researchers are actively comparing various RL 

reward models to better align automated UI adaptations with actual user preferences (Gaspar-Figueiredo et 

al., 2025). Furthermore, the integration of psychological metrics, ranging from task-relevance evaluations 

to utilizing digital human motion for psychological decompression, highlights the growing intersection of 

affective computing and interface design (Gao et al., 2025). Together, these advancements underscore both 

the transformative potential and the ongoing challenges of accurately integrating human feedback into 

ethically designed adaptive systems. 

4. Conceptual Framework for Adaptive Degrees of Freedom 

The effectiveness of Mass Customization (MC) toolkits depends not only on the number of available 

customization options, but also on users’ ability to cognitively navigate the customization process. In MC 

systems, Degrees of Freedom (DoF) refer to the number and variety of parameters available for user 

modification. Increasing DoF expands the solution space and enhances configurability; however, it may 

also increase the informational complexity, or entropy, of the interface. As the number and interdependence 

of parameters increase, users are required to process larger quantities of information and evaluate more 

potential outcomes. 

This increase in informational complexity can elevate cognitive load during interaction. Prior research on 

choice overload and “mass confusion” suggests that excessive or poorly organized option spaces may 

reduce satisfaction, increase decision fatigue, and negatively affect the customization experience (Huffman 

& Kahn, 1998; Scheibehenne et al., 2010; Chernev et al., 2015). Importantly, the threshold at which 

configurability becomes overwhelming is unlikely to be universal, as users differ in technical familiarity, 

design confidence, and tolerance for complexity. From this perspective, mass confusion can be understood 



 

Toward Adaptive Degrees of Freedom: An Exploratory Study of  

User Preference Heterogeneity in Mass Customization Toolkits                                      JDT, Vol. 7, No. 1, June 2026  4 

as a mismatch between interface complexity and user navigational capability rather than simply the result 

of a high number of options. 

To address this challenge, this study proposes Adaptive Degrees of Freedom (ADoF) as a conceptual 

framework in which the quantity, visibility, organization, or complexity of customization parameters may 

dynamically adapt according to user context and perceived cognitive burden (Figure 1). Within this 

framework, adaptive interfaces and choice-navigation systems function as mechanisms for regulating 

visible complexity through approaches such as progressive disclosure, parameter prioritization, and 

interface simplification. Rather than exposing all parameters simultaneously, ADoF conceptually operates 

as an adaptive layer between the full backend solution space and the user-facing interface. 

Accordingly, the “optimal” DoF is not conceptualized as a fixed numerical threshold, but rather as a 

context-dependent condition that may vary across users, products, and interaction scenarios. Recent 

developments in adaptive interfaces and generative AI suggest possible future pathways for implementing 

such systems by translating high-level user intent into parametric adjustments. However, the present study 

does not evaluate an operational adaptive system. Instead, it explores whether preliminary heterogeneity in 

user preference regarding DoF exists and whether such variation may support future investigation into 

adaptive and context-aware customization interfaces. 

 

 

 

 

 

 

 

 

 

 

Methodology 

To investigate the relationship between DoF and user satisfaction, a mixed-methods exploratory pilot study 

is employed. This approach was chosen to generate foundational hypotheses regarding user preference 

heterogeneity prior to large-scale quantitative validation. 

1. Participants and Incentives 

A sample of 10 participants was recruited. While small sample sizes (N=10) limit statistical power for 

population-level generalization, they are sufficient for identifying usability barriers and distinct preference 

clusters in HCI "pilot" contexts (Nielsen & Landauer, 1993). Participants were recruited through 

convenience sampling from university-affiliated individuals with varying levels of familiarity with digital 

interfaces and parametric design tools. Prior to participation, individuals completed a short demographic 

and experience questionnaire assessing age range, prior experience with 3D software, and self-reported 

technical proficiency. Users with no prior experience using parametric modeling or 3D configuration 

systems were classified as novice, while those reporting occasional familiarity with digital design tools or 

customization interfaces were categorized as intermediate.  

Figure 1: Static complexity vs adaptive design in mass customization toolkits. 
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Participants ranged from 20 to 27 years old, and prior experience with 3D modeling and digital 

customization tools varied from none to moderate familiarity. Based on these responses, participants were 

broadly categorized as novice or intermediate users. No expert users were included in this pilot study. 

Incentive Structure: To simulate high-engagement "Hedonic" customization, participants were entered 

into a lottery to win the physical lightshade they designed. This incentive structure was intended to increase 

ecological engagement with the customization process and reduce hypothetical bias commonly observed in 

survey-only studies. However, the incentive may also have introduced motivational bias by encouraging 

participants to maximize feature exploration, particularly within higher DoF conditions. Consequently, user 

preference observations should be interpreted cautiously. 

All participants provided informed consent prior to participation. The study involved minimal risk and 

collected no sensitive personal data. Ethical procedures were conducted in accordance with institutional 

guidelines for exploratory usability research. 

2. Experimental Stimuli: The Lightshade Toolkit 

A custom web-based parametric configurator was developed (Figure 2), allowing users to manipulate 

geometric properties (radius, twist, tessellation) of a 3D-printed lightshade. Three versions of the interface 

were created to test discrete DoF levels: 

▪ Low DoF (18 parameters): Restricted to basic shape and color. 

▪ Medium DoF (23 parameters): Added texture and simple pattern controls. 

▪ High DoF (28 parameters): Included advanced "physics" visualization, complex tessellation, and 

transparency controls.  

Consequently, the High DoF condition differed not only in parameter quantity but also in interaction 

modality and visual feedback richness. This confounding factor limits the isolation of the independent effect 

of DoF and should be controlled in future experimental designs. 

 

The selected DoF levels were intended as exploratory interface conditions rather than formally validated 

cognitive-load categories. No standardized cognitive load instrument (e.g., NASA-TLX) was administered 

in this pilot study. Future work should empirically validate the relationship between parameter count and 

perceived cognitive burden. 

Figure 2: The user interface of the lightshade toolkit. 
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3. Procedure 

The study utilized a within-subjects design component where participants interacted with the toolkit 

variations to establish a baseline of understanding, followed by a comparative evaluation. 

▪ Task 1 (Interaction): Participants configured lightshades using the varying DoF levels. 

▪ Task 2 (Preference): Participants selected their preferred toolkit version for a final "production-ready" 

design. 

▪ Task 3 (Complexity Extrapolation): Participants completed a structured survey indicating their 

preferred DoF for products of varying complexity (Ring, Chair, Shoe, Laptop, and Car). 

The presentation order of the three toolkit conditions was fixed rather than counterbalanced. As a result, 

learning effects, familiarity accumulation, and participant fatigue may have influenced responses. Future 

studies should employ randomized or Latin-square counterbalancing procedures. 

Participants interacted with each toolkit condition for approximately 10-15 minutes, with total session 

durations ranging between 30 and 45 minutes. 

Given the exploratory nature of the pilot study, the primary dependent observations consisted of self-

reported toolkit preference, qualitative participant feedback, and descriptive responses regarding perceived 

appropriateness of DoF across product categories. Objective usability metrics such as task completion time, 

error rate, or standardized satisfaction scales were not formally collected. 

4. Operationalizing ADoF 

To transition ADoF from a conceptual framework to an actionable toolkit design, it is essential to define its 

operational mechanics. Specifically, how a system detects user competence, the triggers that dictate 

parameter adjustments, and the UI mechanisms used for adaptation. The proposed ADoF model operates 

primarily on a behavior-driven basis. Instead of requiring users to self-identify as novices or experts, which 

is often prone to bias or inaccuracy, the toolkit assesses competence continuously through implicit 

interaction metrics. 

Competence in a behavior-driven ADoF system is quantified through real-time telemetry. The system 

monitors specific behavioral indicators, including: (1) fluidity of interaction (the speed and decisiveness of 

parameter adjustments), (2) error and iteration rates (the frequency of ‘undo’ commands, resets, or 

abandoned changes), and (3) hesitation metrics (cursor idling or prolonged hovering over tooltips). High 

fluidity and low iteration rates indicate high competence and clear intent, whereas high iteration rates or 

hesitation suggest cognitive overload or lack of expertise. 

The adaptation of the toolkit is governed by predefined behavioral thresholds. 

▪ Expansion Triggers: If a user demonstrates high competence, for example, successfully modifying 

three basic parameters (e.g., color, primary dimensions) within a specific timeframe without utilizing 

the ‘undo’ function, the system crosses an expansion threshold. This triggers the toolkit to unlock 

higher Degrees of Freedom (DoF). 

▪ Reduction Triggers: Conversely, if the system detects overload, evidenced by the user repeatedly 

toggling the same parameter back and forth, excessively using the ‘undo’ function, or idling for an 

extended period, a reduction threshold is crossed. The system then reduces the DoF to prevent decision 

fatigue. 

The actual adaptation occurs through the UI/UX principle of progressive disclosure. The system does not 

overwhelm the user by reloading entirely new interfaces. Instead, when an expansion is triggered, the toolkit 

fluidly unhides “Advanced Settings” or micro-parameters (e.g., allowing specific corner-radius adjustments 

instead of just general shape selection). When a reduction is triggered, the system gracefully collapses these 

advanced menus or actively prompts the user with simplified, pre-configured design templates, thereby 

restricting the DoF back to a manageable, macro-level state. 
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Results 

Given the exploratory nature of this pilot study (the following results are entirely descriptive. They are 

intended to generate hypotheses regarding user behavior rather than establish statistical significance. 

1. Divergent Preferences for DoF 

The pilot observations indicated variation in user preference, challenging the existence of a single "optimal" 

DoF. 

▪ 4 out of 10 preferred Medium DoF (23 options): These users cited ease of use and decision 

confidence. Several participants subjectively described the High DoF interface as difficult to navigate 

or cognitively demanding. However, no standardized cognitive-load instrument was employed, and 

these observations therefore remain qualitative and self-reported. 

▪ 6 out of 10 preferred High DoF (28 options): These users valued the creative agency. Several 

participants reported that the possibility of winning the fabricated product encouraged deeper 

exploration of available customization features. This suggests that the incentive structure may have 

influenced engagement patterns and potentially biased preferences toward higher configurability 

conditions. 

While drawn from a small pilot sample, this 4-to-6 split provides a preliminary observation that a static 

toolkit fixed at 25 options may not optimally serve a diverse user base, potentially being perceived as either 

too complex or too restrictive depending on the user. This observed heterogeneity provides an initial, 

exploratory rationale for testing adaptive systems in future research. 

2. Exploratory Observations Regarding Product Complexity and Desired Freedom 

Participant survey responses suggested a possible tendency for users to associate more complex products 

with greater desired configurability (Figure 3). Given the limited sample size and absence of inferential 

statistical testing, this observation should be interpreted cautiously as exploratory rather than correlational 

evidence. The selected product categories (e.g., ring, shoe, car) were used as illustrative examples of 

differing perceived complexity levels and were not derived from a validated product-complexity taxonomy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Heatmap comparing the perceived Degrees of Freedom 

(DoF) of various product categories relative to a baseline product 

(Lampshade). 
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▪ Low Complexity (Chair, Ring): Users preferred Low DoF (<15 options). 

▪ Medium Complexity (Shoe): Users preferred Medium-High DoF (20-25 options). 

▪ High Complexity (Car, Laptop): Users demanded Maximal DoF (>30 options). 

3. Qualitative Feedback 

An informal inductive thematic review of participant comments was conducted to identify recurring 

perceptions related to confusion, creative control, and interface organization. One participant stated that the 

High DoF interface “felt powerful but difficult to organize mentally,” while another described the Medium 

DoF version as “easier to control without losing creativity.” 

Given the exploratory pilot nature of the study and limited sample size, formal inter-rater reliability 

measures and structured coding protocols were not employed. Qualitative feedback indicates that ‘Mass 

Confusion’ is less about the sheer count of parameters, aligning with meta-analyses showing that choice 

volume alone does not dictate overload (Scheibehenne et al., 2010; Chernev et al., 2015), and more about 

the lack of Choice Navigation support. 

Discussion 

Given the exploratory nature of the pilot study and the absence of a tested adaptive interface, the following 

discussion should be interpreted as hypothesis-generating and conceptual rather than confirmatory. 

1. The Imperative for Adaptive Degrees of Freedom (ADoF) 

The observations from this pilot study lead us to hypothesize that the "Optimal DoF" is a moving target. 

The observed variation in this pilot sample provides a preliminary rationale for investigating adaptive 

systems in future large-scale studies. These exploratory observations provide a preliminary rationale for 

investigating whether adaptive DoF systems could improve usability across heterogeneous user groups. 

The observations from this exploratory pilot suggest the possibility that the optimal DoF may vary across 

users and contexts. 

2. AI-Driven Choice Navigation 

The following discussion is conceptual and speculative in nature, as no AI-driven adaptive system was 

implemented or evaluated within the present study.  

In the context of recent technology, AI-driven Choice Navigation can decouple solution space size from 

cognitive load. Generative AI agents can act as "interpreters," allowing users to express high-level intent 

("Make it look modern"), which the system translates into specific parametric adjustments. This effectively 

allows for an Infinite Backend DoF while maintaining a Low Frontend DoF, solving the ‘Inverted-U’ trade-

off identified in early literature and validated in comprehensive models of choice overload (Chernev et al., 

2015; Scheibehenne et al., 2010). 

Operationally, this means the system could generate a virtually limitless number of design permutations 

(the "backend"), but the user is only ever presented with a small, curated subset of relevant options at any 

one time (the "frontend"), thus avoiding choice overload. Such architectures may eventually help mitigate 

the trade-off between configurability and cognitive burden identified in the choice-overload literature.  

3. Technical Feasibility of Behavior-driven AdoF 

From a practical standpoint, the behavior-driven operationalization of ADoF is highly feasible within 

modern web-based customization toolkits. By utilizing standard event listeners (tracking clicks, time-on-

task, and undo states) combined with basic logic thresholds, designers can implement dynamic progressive 

disclosure without the need for computationally heavy predictive AI algorithms. This allows firms to 

provide highly personalized, scalable co-creation experiences that autonomously adapt to the learning curve 

of each user. 
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Conclusion 

This study provides preliminary observations suggesting that user preference for design freedom may be 

heterogeneous and context-dependent. While the pilot observations suggested that several participants 

preferred Medium-to-High DoF configurations within the specific lightshade scenario, the broader findings 

primarily highlight the heterogeneity and context-dependency of user preferences rather than supporting a 

single optimal DoF range. 

1. Preliminary Design Implications 

▪ Abandon the Static Number: Future toolkit designers may benefit from avoiding reliance on a single 

fixed number of options and instead exploring tiered or adaptive interaction structures. 

▪ Contextual Scaling: The pilot observations tentatively suggest that perceived product complexity may 

influence users’ desired level of configurability. 

▪ Invest in Navigation: The qualitative feedback suggests that navigational support and interface 

organization may play an important role in moderating perceived choice overload. 

Because these insights are derived from pilot data, they are presented as hypotheses to guide the future 

development and empirical testing of adaptive toolkits. 

2. Limitations and Future Work 

This study contains several limitations. First, the small pilot sample prevents statistical inference and limits 

the transferability of observations. Second, the experimental conditions simultaneously varied parameter 

counts and interface functionality, preventing isolation of pure DoF effects. Third, the absence of 

standardized usability and cognitive-load instruments limits measurement reliability. Fourth, the fixed 

presentation order may have introduced learning and fatigue effects. Fifth, the incentive structure may have 

biased participants toward greater feature exploration. Consequently, the findings should be interpreted as 

exploratory and hypothesis-generating rather than confirmatory. Sixth, the practical implementation of 

Adaptive Degrees of Freedom (ADoF) systems presents several unresolved challenges. These include 

accurately modeling user expertise, determining appropriate adaptation timing, maintaining interface 

transparency, preventing user disorientation caused by dynamic UI changes, and balancing personalization 

with system predictability. The present study did not implement an operational adaptive system, and 

therefore, these engineering and usability considerations remain important directions for future research. 

Finally, investigating the role of Generative AI as a mediator between user intent and parametric controls 

represents a promising direction for future investigation in Mass Customization research. 

References 

Bidgoli, Hossein. (2010). The handbook of technology management. John Wiley & Sons. 

Chernev, A., Böckenholt, U., & Goodman, J. (2015). Choice overload: A conceptual review and meta‐

analysis. Journal of Consumer Psychology, 25(2), 333–358. https://doi.org/10.1016/j.jcps.2014.08.002  

Choi, J.-E., & Lee, D.-H. (2015). Customers do not always prefer personalised products: The role of 

personalized options range in personalization. Academy of Marketing Studies Journal, 19(2), 1–16. 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-

84959539817&partnerID=40&md5=ddd264f31551f25ede5b1b0174f3c779 

Devi, V. S. A., Agrawal, P., Sengar, R. S., Nagpal, A., Abedi, T. A. A. U., Mouli, K. C., & Sangeetha, A. 

(2025). Designing Intuitive User Interfaces in Human-Computer Interaction for Enhanced Digital 

Experience. 2025 International Conference on Intelligent Control, Computing and Communications 

(IC3), 637–643. https://doi.org/10.1109/IC363308.2025.10956353  

https://doi.org/10.1016/j.jcps.2014.08.002
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84959539817&partnerID=40&md5=ddd264f31551f25ede5b1b0174f3c779
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84959539817&partnerID=40&md5=ddd264f31551f25ede5b1b0174f3c779
https://doi.org/10.1109/IC363308.2025.10956353


 

Toward Adaptive Degrees of Freedom: An Exploratory Study of  

User Preference Heterogeneity in Mass Customization Toolkits                                      JDT, Vol. 7, No. 1, June 2026  10 

Du, Z., Li, M., & Wang, K. (2019). “The more options, the better?” Investigating the impact of the number 

of options on backers’ decisions in reward-based crowdfunding projects. Information and Management, 

56(3), 429–444. https://doi.org/10.1016/j.im.2018.08.003  

Felfernig, A., Falkner, A., & Benavides, D. (2024). Feature Models: AI-Driven Design, Analysis and 

Applications. https://doi.org/10.1007/978-3-031-61874-1  

Gao, Y., Li, Z., & Wang, L. (2025). P‐4.12: A comprehensive review of psychological decompression 

based on digital human motion and expression driving technology. SID Symposium Digest of Technical 

Papers, 56(S1), 963–967. https://doi.org/10.1002/sdtp.18974  

Gaspar-Figueiredo, D., Fernández-Diego, M., Abrahão, S., & Insfran, E. (2025). A comparative study on 

reward models for user interface adaptation with reinforcement learning. Empirical Software 

Engineering, 30(4), 109. https://doi.org/10.1007/s10664-025-10659-5  

Hermans, G. (2012). A model for evaluating the solution space of mass customization toolkits. International 

Journal of Industrial Engineering and Management, 3(4), 205–214. https://doi.org/10.24867/IJIEM-

2012-4-125  

Huffman, C., & Kahn, B. E. (1998). Variety for sale: Mass customization or mass confusion? Journal of 

Retailing, 74(4), 491–513. https://doi.org/10.1016/S0022-4359(99)80105-5  

Lin, C.-H., & Wu, P.-H. (2006). The effect of variety on consumer preferences: The role of need for 

cognition and recommended alternatives. Social Behavior and Personality, 34(7), 865–876. 

https://doi.org/10.2224/sbp.2006.34.7.865  

Manisera, M., Zuccolotto, P., & Brentari, E. (2020). How perceived variety impacts on choice satisfaction: 

a two-step approach using the CUB class of models and best-subset variable selection. Electronic 

Journal of Applied Statistical Analysis, 13(2), 519–535. https://doi.org/10.1285/i20705948v13n2p519 

Miraz, M. H., Ali, M., & Excell, P. S. (2021). Adaptive user interfaces and universal usability through 

plasticity of user interface design. Computer Science Review, 40, 100363. 

https://doi.org/10.1016/j.cosrev.2021.100363 

Mukti, A. J., & Trisilia, M. (2025). AI-powered adaptive interface: Enhancing user experience through real-

time personalization in digital platforms. Procedia Computer Science, 269, 571–580. 

https://doi.org/10.1016/j.procs.2025.08.309  

Nielsen, J., & Landauer, T. K. (1993). A mathematical model of the finding of usability problems. 

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems  - CHI ’93, 206–213. 

https://doi.org/10.1145/169059.169166  

Piller, F., Schubert, P., Koch, M., & Möslein, K. (2005). Overcoming mass confusion: collaborative 

customer co-design in online communities. Journal of Computer-Mediated Communication, 10(4). 

https://doi.org/10.1111/j.1083-6101.2005.tb00271.x  

Salvador, F., Martin de Holan, P., & Piller, F. (2009). Cracking the code of mass customization. Sloan 

Management Review, 50(3), 71-78, https://research.em-

lyon.com/esploro/outputs/journalArticle/Cracking-the-Code-of-Mass-

Customization/9917923409453#file-0.  

Scheibehenne, B., Greifeneder, R., & Todd, P. M. (2010). Can there ever be too many options? a meta-

analytic review of choice overload. Journal of Consumer Research, 37(3), 409–425. 

https://doi.org/10.1086/651235  

Sun, Q., Xue, Y., & Song, Z. (2024). Adaptive user interface generation through reinforcement learning: A 

data-driven approach to personalization and optimization. https://arxiv.org/pdf/2412.16837  

https://doi.org/10.1016/j.im.2018.08.003
https://doi.org/10.1007/978-3-031-61874-1
https://doi.org/10.1002/sdtp.18974
https://doi.org/10.1007/s10664-025-10659-5
https://doi.org/10.24867/IJIEM-2012-4-125
https://doi.org/10.24867/IJIEM-2012-4-125
https://doi.org/10.1016/S0022-4359(99)80105-5
https://doi.org/10.2224/sbp.2006.34.7.865
https://doi.org/10.1285/i20705948v13n2p519
https://doi.org/10.1016/j.cosrev.2021.100363
https://doi.org/10.1016/j.procs.2025.08.309
https://doi.org/10.1145/169059.169166
https://doi.org/10.1111/j.1083-6101.2005.tb00271.x
https://research.em-lyon.com/esploro/outputs/journalArticle/Cracking-the-Code-of-Mass-Customization/9917923409453#file-0
https://research.em-lyon.com/esploro/outputs/journalArticle/Cracking-the-Code-of-Mass-Customization/9917923409453#file-0
https://research.em-lyon.com/esploro/outputs/journalArticle/Cracking-the-Code-of-Mass-Customization/9917923409453#file-0
https://doi.org/10.1086/651235
https://arxiv.org/pdf/2412.16837


 

Toward Adaptive Degrees of Freedom: An Exploratory Study of  

User Preference Heterogeneity in Mass Customization Toolkits                                      JDT, Vol. 7, No. 1, June 2026  11 

Von Hippel, E. (2001). User toolkits for innovation. Journal of Product Innovation Management, 18(4), 

247–257. https://doi.org/10.1111/1540-5885.1840247  

Xu, X., Lu, Y., Vogel-Heuser, B., & Wang, L. (2021). Industry 4.0 and Industry 5.0—Inception, conception 

and perception. Journal of Manufacturing Systems, 61, 530–535. 

https://doi.org/10.1016/j.jmsy.2021.10.006  

Zhao, H., McLoughlin, L., Adzhiev, V., & Pasko, A. (2018). 3D mass customization toolkits design, part II: 

Heuristic evaluation of online toolkits. Computer-Aided Design and Applications, 16(2), 223–242. 

https://doi.org/10.14733/cadaps.2019.223-242  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article is an open-access article 

distributed under the terms and 

conditios of the Creative Commons 

Attribution (CC-BY) license. 

 

https://doi.org/10.1111/1540-5885.1840247
https://doi.org/10.1016/j.jmsy.2021.10.006
https://doi.org/10.14733/cadaps.2019.223-242

