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Abstract

Institutional sustainability campaigns often rely on static “playbooks” to disseminate pro-environmental advice.
These linear, text-heavy resources are difficult to navigate when users must compare actions across effort, impact, and personal relevance.
We investigate how different information visualization structures shape sustainability planning by comparing three interfaces: an AI-enhanced List, Quadrants, and an Interactive Map.
The interfaces share a hybrid content pipeline in which sustainability practices are curated by human experts and enriched with LLM-generated metadata for visualization.
In a within-subjects study with 115 university-affiliated participants, we found no significant differences in adoption volume or perceived discovery across interfaces.
However, interface structure substantially affected workload and decision quality.
The Map imposed significantly higher mental demand, frustration, and effort than both structured alternatives, lowered decision confidence, and was rated as less helpful than the institution’s original playbook.
Quadrants emerged as the most preferred interface in post-study rankings, suggesting that lightweight semantic grouping can support exploration without the cognitive cost of free-form spatial navigation.
These findings refine the design of AI-enhanced decision support tools for personal sustainability and other multi-criteria personal informatics domains.

CCS Concepts: • Applied computing → Interactive learning environments.
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1 Introduction

Universities and organizations often promote environmental sustainability through online playbooks: collections of recommended behaviors such as line drying clothes or commuting by transit.
Although these resources contain useful advice, they are usually presented as flat, text-heavy lists.
Users must infer trade-offs such as effort, impact, and time commitment on their own, making it difficult to compare options and assemble a personally feasible plan.

To address this problem, we collaborated with university sustainability experts to transform a conventional playbook into AI-supported exploration interfaces.
We used an LLM to enrich expert-curated actions with structured metadata, including estimated impact, effort, time, and semantic tags, then rendered the same content in three interface paradigms.
While visualization research has established frameworks for decision-making and critiqued visualization tools for choice support [23][21], less is known about how AI-enriched content should be structured for everyday sustainability planning.

This paper compares an AI-enhanced List, Quadrants organized by impact and effort, and an Interactive Map that spatializes the same dimensions.
Through a within-subjects study with 115 university-affiliated participants, we examine how these structures affect planning behavior, workload, confidence, and overall preference.
Our results show that the free-form Map does not improve adoption volume or discovery, but it increases mental demand, frustration, and effort, lowers confidence, and is perceived as less helpful than both structured alternatives.
Quadrants emerged as the most preferred interface in post-study rankings, offering a practical middle ground between overview and guidance.
These findings offer empirical guidance for designing AI-enhanced decision support systems in personal sustainability and related personal informatics settings.



2 Related Work



2.1 Eco-Feedback Technologies

Recent research introduces novel approaches to make environmental impact more visceral and engaging.
For instance, footprint calculation tools from Ecological Footprint Calculators [11] and EPA [33], and social platforms that harness distributed sustainability information and permit interactive waste sorting practices [29][30].
Emerging work has further highlighted the shift toward more emotionally resonant and visual climate communication on video-sharing networks [25], and linking digital social behaviors directly to their physical impact on urban environments [20].

Other research explores design methods to foster ethical relations in energy systems through an embodied understanding of energy consumption [1], and tools that enable electronics designers to recycle e-waste components during the design process [17].
We have also begun to see tools utilize statistical visualizations to provide feedback that fosters energy-saving or pro-environmental behaviors [7][5][2].
All of these approaches utilize more experiential and interactive engagement to provide valuable educational information, aligning with our goal of bridging the sustainability knowledge-action gap.
However, recent large-scale analyses of public interest indicate that despite these efforts, significant gaps remain between information availability and actual engagement [19].
Existing solutions typically focus on raising awareness without effectively facilitating behavior change, rarely offer personalized action frameworks tailored to individual contexts, and seldom provide mechanisms to visualize personal progress over time or simulate potential outcomes of behavior changes.



2.2 LLM-Augmented Exploration Interfaces

Recent work on Large Language Models (LLMs) has extended the exploration of content through information synthesis and personalized recommendations [6][24][26].
For example, to strengthen personal sustainability, LLMs can tailor advice to individual goals and associated constraints.
However, most LLM-driven applications rely on linear and text-heavy conversational interfaces that emphasize information delivery rather than exploration.
Such interfaces offer limited support for comparison, multi-criteria reasoning, and prioritization, which are critical for translating sustainability intentions into concrete actions.
As a result, many eco-feedback systems and personal informatics applications present recommendations as static lists or generic repositories, lacking the contextual depth and structural guidance needed to support actionable decision-making [12][16].
A substantial body of work shows that visuo-spatial organization helps users reason about complex information by externalizing memory, preserving context, and enabling comparison and abstraction [10][13][15][18].
Spatial layouts allow users to perceive relationships, trade-offs, and patterns that are difficult to identify in sequential representations [14][22][32].
Prior visualization research has demonstrated the effectiveness of techniques such as spatial layouts, semantic zoom, filtering, clustering, navigation, and coordinated multiple views for managing complex information spaces [3][4][12][27][34].
However, they also caution that overly complex or depth-heavy visualizations can introduce usability challenges, which indicates the importance of carefully designed, lightweight structures [8][9][28][31].

In the context of personal sustainability, users often balance multiple criteria, including environmental impact, required effort, and personal relevance.
Visual structures that explicitly encode these dimensions can support exploration and comparison, and help users reason about trade-offs as well as identify feasible actions.
Building on this literature, our work examines how a linear list, quadrants, and an interactive map shape planning behavior and subjective experience when users interact with sustainability practices curated by human experts and enriched with generative AI.
This work contributes to the design of intelligent visual interfaces that help users navigate complex, multi-criteria sustainability decisions.



3 Methodology



3.1 AI-Enhanced Interfaces

We developed a web-based platform to investigate how different information structures influence decision-making in environmental sustainability.
Participants compared our tools against the sustainability campaign webpage at the authors’ institution.
This existing resource served as a mental anchor: a static, text-heavy page where actions are listed linearly under simple headings (e.g., “At Home” and “On Campus”).

Our experimental system used an AI agent (Gemini 2.5 Pro) to transform this raw content into structured visual and textual forms.
The AI enrichment added metadata such as impact score, effort score, time estimation, and semantic tags.
This shared metadata powered three distinct interface variants (Figure 1).



3.2 Study Design

The study employed a within-subjects design with 115 university-affiliated participants, the majority of whom were students.
The age distribution skewed young, with 98 participants aged 18–24, 15 aged 25–34, and 2 aged 35–44.
Most participants were students (104/115), including 50 graduate students, 28 juniors, 16 seniors, 5 sophomores, and 5 freshmen; the remaining participants included 6 alumni, 2 faculty members, and 3 other university-affiliated adults.
Self-reported sustainability interest was moderate to high on a 5-point scale (M=3.74, SD=0.86).
Participants interacted with a pool of 450 distinct sustainable actions distributed across three topics (Learning, Enviornment, and Community).
For each interface, they were asked to create a sustainability plan by selecting at least five actions they would genuinely consider doing in real life.

To reduce learning effects, we used a Latin square rotation across the three interfaces.
The content pool was rotated alongside the interfaces so that participants did not evaluate the same specific action twice.

The procedure began with an onboarding briefing that framed the goal as finding actions with high personal fit.
As participants completed each randomized condition, the system logged behavioral telemetry.
Immediately after each round, participants completed a NASA-TLX questionnaire and short perception items.
The session concluded with a final survey in which participants ranked the interfaces for optimization and discovery and compared them with the university’s original playbook website.



4 Results

We analyzed objective behavioral metrics and subjective perception data using non-parametric Friedman tests (α=.05) due to the non-normal distribution of the data.
Post-hoc pairwise comparisons were conducted using Wilcoxon Signed-Rank tests with a Bonferroni adjustment (α_adj=.017).



4.1 Behavioral Engagement: Similar Adoption, Limited Efficiency Differences

We examined adoption volume to determine whether interface structure encouraged participants to go beyond the minimum requirement of five actions.
The omnibus effect was not significant (χ²(2)=4.81, p=.090).
As shown in Figure 2 (left), all three conditions had the same median cart size (Mdn=5), although the List (x̄=6.30), Quadrants (x̄=6.17), and Map (x̄=5.79) differed slightly in their upper tails.
This pattern suggests that interface structure had limited influence on how many actions participants ultimately selected once the task threshold was satisfied.

[image: Figure 1: Study Interfaces. (a) A list that resembles the school’s playbook but is upgraded with AI-generated metadata and filtering capabilities. This allows us to isolate the value of structure in Quadrants and Map versus simply having better data in List. (b) A 2×2 matrix clustering actions into semantic zones: “Quick Wins” (High Impact/Low Effort), “Big Projects” (High Impact/High Effort), “Easy Habits” (Low Impact/Low Effort), and “Foundation Work”. (c) An interactive 2D scatterplot where actions are positioned continuously based on Impact (y-axis) and Effort (x-axis), allowing users to pan and zoom through the decision space.]Figure 1: Study Interfaces. (a) A list that resembles the school’s playbook but is upgraded with AI-generated metadata and filtering capabilities. This allows us to isolate the value of structure in Quadrants and Map versus simply having better data in List. (b) A 2×2 matrix clustering actions into semantic zones: “Quick Wins” (High Impact/Low Effort), “Big Projects” (High Impact/High Effort), “Easy Habits” (Low Impact/Low Effort), and “Foundation Work”. (c) An interactive 2D scatterplot where actions are positioned continuously based on Impact (y-axis) and Effort (x-axis), allowing users to pan and zoom through the decision space.
We also examined temporal measures of planning.
Decision latency showed no significant difference across interfaces (χ²(2)=3.70, p=.157).
Total active time showed a modest omnibus effect (χ²(2)=7.23, p=.027), driven by a significant difference between the List and Map in post-hoc tests (W=2200.0, p=.002).
The List-Quadrants (p=.385) and Quadrants-Map (p=.352) comparisons were not significant after Bonferroni correction.
In other words, the Map did not delay the first commitment, but it did lengthen overall plan completion relative to the List.



4.2 Cognitive Workload: The Cost of Spatial Freedom

To assess the cost of exploration, we analyzed NASA-TLX scores on mental demand, frustration, and effort (Figure 3).
Across all three dimensions, the same pattern emerged: the Map imposed significantly higher workload than both structured alternatives.

For mental demand, there was a significant difference (χ²(2)=34.12, p<.001).
The Map was more mentally demanding than both the List (W=633.0, p<.001) and Quadrants (W=590.0, p<.001), whereas List and Quadrants did not differ significantly (W=1052.0, p=.062).
The same pattern held for frustration (χ²(2)=33.31, p<.001) and effort (χ²(2)=43.55, p<.001): the Map scored significantly worse than both structured views (all p<.001), while the List-Quadrants comparison remained non-significant (frustration: W=1044.5, p=.852; effort: W=1158.5, p=.282).

These results show that added structure did not add friction.
Quadrants preserved the low workload of the List, whereas the continuous spatial layout required substantially more cognitive work.



4.3 User Preferences: Structured Guidance Is Preferred

Participants’ subjective ratings reinforced the workload pattern (Figure 4).
Discovery scores did not differ significantly across interfaces (χ²(2)=3.84, p=.146), suggesting that the free-form map did not produce a measurable discovery benefit.
Confidence, however, differed significantly (χ²(2)=23.94, p<.001).
Participants reported lower confidence with the Map than with both the List (W=652.5, p=.012) and Quadrants (W=427.5, p<.001), while the List-Quadrants comparison did not survive Bonferroni correction (W=594.5, p=.017).

When asked whether the tool was easier to use than the school’s current playbook, the difference was also significant (χ²(2)=26.70, p<.001).
The Map scored significantly lower than both the List (W=687.0, p<.001) and Quadrants (W=384.0, p<.001), whereas List and Quadrants did not differ (W=671.0, p=.193).

Post-study rankings sharpen this pattern.
Quadrants was ranked first by 75 of 115 participants for Optimization and by 55 of 115 participants for Discovery.
The Map was ranked last by 92 of 115 participants for Optimization and by 73 of 115 participants for Discovery.
Quadrants was also the overall favorite interface for 69 participants, compared with 29 for the List and 17 for the Map.



5 Discussion and Conclusion
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[image: Figure 5: Post-Study Preference Rankings. Participants ranked the three interfaces (1st = Best, 3rd = Worst) for two strategies. **(Left)** Optimization: finding the “best” specific actions for personal needs. **(Right)** Discovery: exploring and learning about the breadth of options. Quadrants received the most first-place rankings in both views, while the Map was most often ranked last.]Figure 5: Post-Study Preference Rankings. Participants ranked the three interfaces (1st = Best, 3rd = Worst) for two strategies. **(Left)** Optimization: finding the “best” specific actions for personal needs. **(Right)** Discovery: exploring and learning about the breadth of options. Quadrants received the most first-place rankings in both views, while the Map was most often ranked last.
This study shows that the clearest benefit of AI-facilitated sustainability interfaces comes from structured guidance, not from maximum spatial freedom.
Adoption volume and perceived discovery were statistically similar across interfaces, but the subjective measures revealed a consistent penalty for the free-form Map.
It raised mental demand, frustration, and effort, lowered decision confidence, and was judged less helpful than the original playbook.

The comparison between List and Quadrants clarifies where structure helps.
Enriching a list with AI-generated metadata already supports low-effort planning, but quadrant grouping adds an interpretable overview without increasing workload.
This balance likely explains why Quadrants received the most first-place rankings for both optimization and discovery.
For sustainability planning, users appear to value explicit semantic categories and side-by-side trade-offs more than unrestricted navigation through a continuous feature space.

These findings have design implications beyond sustainability.
AI-generated metadata is most useful when it is translated into lightweight scaffolds that reduce interpretation cost.
Systems that expose impact, effort, and related trade-offs should prioritize readable grouping and comparison mechanisms rather than maximizing visual freedom.
In this sense, intelligent decision support is not only about producing better recommendations, but also about externalizing structure in ways users can act on.

This study has several limitations.
It relied on a university-affiliated sample dominated by students and younger adults, so the results may not generalize to other populations or institutions.
The study also measured short-term planning rather than long-term behavior change, so higher confidence or preference does not necessarily translate into sustained action.
Finally, the interfaces depended on expert curation and AI-generated metadata; future work should examine how metadata quality, transparency, and personalization affect trust and downstream behavior.
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