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Abstract 

This paper presents the next phase of an ongoing effort to integrate consequence-based thinking 
into structural engineering education through game-based learning. Earlier phases of the project 
introduced an infrastructure decision-making game designed to engage students with tradeoffs 
among risk reduction, community impact, system performance, and equity during post-disaster 
recovery. Two versions, a board game and a computer-based version, were developed to support 
learning about decision-making under uncertainty and resource constraints with multiple 
competing objectives. 
 
Phase 4 extends this effort by comparing learning outcomes across board and computer game 
implementations to date and evaluating two instructional enhancements introduced in the most 
recent computer game testing: (1) a short instructional module introducing fundamental concepts 
of resilience and equity in infrastructure systems and (2) in-game feedback messages designed to 
prompt student reflection on decision outcomes. We analyzed post-game self-assessments aligned 
with the six learning objectives, and targeted survey questions on the lecture module, in-game 
messages, and open-ended student feedback. 
 
Across all implementations, post-game self-assessment scores were consistently high for both the 
board game and computer game formats, suggesting that both formats can support the intended 
learning objectives. In the most recent computer game testing, students rated the lecture module 
and in-game messages as moderately helpful overall, and qualitative feedback indicated that the 
messages supported real-time decision-making by helping teams anticipate hazard impacts, 
identify neighborhoods falling behind, and adjust repair and retrofit strategies. These results 
highlight the potential of both board and computer-based formats for consequence-oriented and 
equity-aware learning and motivate continued refinement of instructional supports to strengthen 
student learning experiences. 

Introduction  

The field of civil and structural engineering is facing an evolving set of challenges, including aging 
infrastructure, increasing hazard exposure, climate change, and growing concerns about social 
equity in infrastructure performance and recovery. Addressing these challenges requires engineers 
to move beyond purely technical optimization and engage in consequence-based decision-making, 
where uncertainty, community impacts, and equity are treated as central design considerations 
rather than afterthoughts [1], [2]. 
 
Yet, despite the importance of these topics, undergraduate structural engineering curricula often 
provide limited opportunities for students to learn how to evaluate disaster consequences and 
equity-informed tradeoffs in a practical and intuitive way. Many of the foundational ideas behind 



resilience- and equity-based decision-making rely on advanced concepts such as multi-criteria 
decision-making, systems thinking, and risk analysis, which are rarely introduced early in the 
curriculum. To bridge this gap, this project adopts a game-based learning approach that allows 
students to actively experience the complexity of infrastructure decision-making through an 
interactive and collaborative simulation of post-disaster recovery [3-13]. 
 
Over the past three years, this effort has advanced through a sequence of development phases that 
progressively expanded the game’s educational scope and classroom readiness. Phase 1 (ASEE 
2023) introduced the initial Resilient Community board game as a hands-on instructional module 
that immerses students in infrastructure retrofit and recovery decisions under uncertainty and 
limited resources [14]. Phase 2 (ASEE 2024) expanded the board game by introducing multiple 
stakeholder roles, encouraging students to negotiate competing priorities and recognize how 
engineering decisions can affect different groups in a community in unequal ways [15]. Phase 3 
(ASEE 2025) transitioned the game into a computer-based format, improving scalability for large 
classes, streamlining gameplay and scoring, and enabling detailed logging of student decisions for 
assessment and future instructional enhancements [16]. 
 
Building on this foundation, Phase 4 advances the module by comparing the board and computer-
based formats and evaluating two instructional enhancements designed to strengthen learning: (1) 
a short pre-game module introducing core resilience and equity concepts, and (2) in-game 
reflective messages that prompt students to interpret outcomes and connect their decisions to 
broader consequences. This paper presents a work-in-progress study answering our research 
questions on  how these formats and instructional enhancements influence student learning 
outcomes related to consequence-oriented, equity-aware decision-making, and how learning 
outcomes differ across implementations. 
 
Instruction Module for Resilience and Equity in Structural Engineering Decision-Making 

Overview 
The instructional module was developed to promote community resilience-based and equity-based 
multi-criteria decision-making in structural engineering education. The module combines a short 
lecture with a game-based learning activity, allowing students to first build foundational concepts 
and then apply them through an interactive decision-making experience. The gameplay is designed 
as a cooperative activity that encourages students to explore tradeoffs among risk reduction, 
system performance, resource constraints, and equity, while engaging in team discussion and 
reflection. The learning objectives (LOs) guiding the module are consistent with those established 
in earlier phases of the project and include: 
 
LO1: Understanding factors that influence community resilience 
LO2: Applying multi-criteria decision-making to infrastructure systems 
LO3: Incorporating equity considerations into engineering decisions 
LO4: Assessing differential impacts of decisions on community stakeholders, including 

marginalized groups 



LO5: Collaborating with peers to make informed and equitable decisions 
LO6: Reflecting on the challenges of balancing multiple, competing objectives 
 
These learning objectives informed the design of the lecture content, game mechanics, reflective 
supports (e.g., in-game messages), and assessment approach used in Phase 4. In practice, the 
instructional module typically includes a short slide-based lecture, a game overview, gameplay, 
and a brief discussion or reflection activity, with the allotted time for each segment varying based 
on course context and available class time. 
 
Game module  

The Resilient Community game simulates post-disaster recovery and improvement of an electric 
distribution system subject to recurring hurricane hazards. Teams make decisions about repairing 
and upgrading system components (electric power substations and distribution poles) under limited 
budgets and uncertainty. Gameplay proceeds in repeated cycles of hazard impact, decision-
making, and feedback, allowing students to observe the consequences of their choices over time. 
Team performance is evaluated using multiple criteria, including system functionality, network 
strength, restoration equity, improvement equity, and overall community functionality. These 
metrics capture complementary aspects of system performance, including the extent of service 
availability (functionality), structural robustness (network strength), and the distribution of 
recovery and upgrade actions across neighborhoods. In this context, equity is operationalized as 
the relative balance in restoration and improvement outcomes across different areas of the 
community, allowing students to observe how uneven allocation of resources can lead to 
disparities in system performance. Two of the metrics are formulated to directly benchmark these 
differences. These criteria emphasize the tradeoffs inherent in real-world infrastructure decision-
making. Equity considerations are further reinforced through varying hazard exposure. Different 
regions are exposed to hazard events with different probabilities of occurrence and challenge 
players to recognize these systemic differences in exposure.  
 
Board Game Version 
The board game version is a face-to-face, multi-player experience that emphasizes teamwork, 
discussion, and negotiation. Physical game components, including the game board and role cards, 
support collaborative decision-making and peer-to-peer learning. The board game environment 
naturally encourages verbal justification of decisions and collective reflection during gameplay. 

Computer-Based Game Version 
The computer-based game version builds upon the same core mechanics as the board game, 
leveraging a digital format to enhance scalability and data collection while still supporting team-
based discussion and collaborative decision-making during gameplay. The digital interface 
automates hazard generation, scoring, and feedback, reducing instructional overhead and enabling 
efficient deployment in larger classes. The computer-based game also logs teams’ actions and 
game states, providing detailed interaction data that can be used for assessment and future game 
refinement. This format supports individualized reflection and enables more complex scenario 
configurations than are feasible in a physical board game format.  
 
 



Instructional Enhancements 

Pre-Game Lecturing  
To provide a conceptual foundation, short pre-game lecture slides were developed to introduce 
key concepts related to resilience, equity, and consequence-based decision-making in 
infrastructure systems. Three sets of slides were developed to reach diverse student groups, 
including (1) 15-minutes lecture for 50-minutes class time, typically introductory undergraduate 
level course, (2) 30-minutes lecture for extended introductory class time and (3) 80-minutes lecture 
for a topic-specific graduate level course.  

In-Game Feedback Messages 
The computer game format incorporates in-game messages designed to prompt players’ reflection 
on decision outcomes. These messages were developed to support learning across the six learning 
goals and associated key concepts by drawing attention to varying risk levels, system-wide effects, 
stakeholder impacts, equity considerations, long-term consequences, and collaboration. Messages 
are triggered using predefined conditions based on the current game state and the team’s actions, 
providing timely, context-specific prompts for reflection. The messages are delivered in a news 
reporter style to enhance immersion. An example message is shown in Figure 1. 

 

Figure 1. An example in-game feedback message 

Classroom Implementation and Evaluation 

This section summarizes results across board and computer game implementations to date and 
reports the detailed evaluation results from the most recent computer game testing. The board 
game was first tested during a Civil and Environmental Engineering Departmental game night, 
and the computer-based game was subsequently implemented in multiple offerings of an 
undergraduate introductory structural engineering course. Although the cohorts differed in context 
(voluntary extracurricular participation versus course-based implementation), participants were 
broadly comparable in terms of academic level and disciplinary background (primarily 
undergraduate civil engineering students), supporting qualified assessment across 
implementations. A post-game self-assessment aligned with the six learning objectives (LO1–
LO6) was collected using a Likert scale from 1 (strongly disagree) to 5 (strongly agree). The results 
from the board game and three computer game implementations are summarized and compared in 
Table 1. For the computer game implementations, both pre- and post-game surveys were 



administered, and all learning objectives showed meaningful increases from pre to post. These 
improvements were further quantified using normalized gain, defined as the ratio of the observed 
improvement to the maximum possible improvement on the Likert scale, indicating moderate to 
substantial learning gains across most learning objectives. For the board game testing, only post-
game self-assessments were collected. Overall, post-game self-assessment scores were 
consistently high across both formats, and the computer game results further suggest improvement 
in students’ perceived understanding and abilities aligned with the learning objectives. 

Table 1. Post-game Self-Assessment Results from Board and Computer Game Implementations 

Learning 
Objectives 

Board 
Game Computer Game 1* Computer Game 2* Computer Game 3* 

(N=15) (N=33) (N=60) (N=17) 
  Pre Post Normalized 

Change Pre Post Normalized 
Change Pre Post Normalized 

Change 
LO1 3.93 3.28 3.95 0.39 3.48 4.2 0.47 2.79 4.06 0.57 
LO2 4 3.09 3.93 0.44 3.35 4.18 0.50 2.54 3.89 0.55 
LO3 3.87 3.12 4 0.47 3.41 4.18 0.48 2.75 4.11 0.60 
LO4 3.6 3.09 4.03 0.49 3.47 4.13 0.43 3 4.06 0.53 
LO5 4.33 3.47 4.03 0.37 3.73 4.3 0.45 3.46 4.33 0.56 
LO6 4.2 3.28 4.1 0.48 3.68 4.28 0.45 3.39 3.89 0.31 

Average 3.99 3.22 4.01 0.44 3.52 4.21 0.47 2.99 4.06 0.53 
*Computer Game 1: Phase 3 implementation; Computer Game 2: additional implementation; 
Computer Game 3: Phase 4 implementation with lecture + in-game messages. 
 
Further, to evaluate the effectiveness of the in-game reflective messages, students in the most 
recent computer game implementation (Computer Game 3) rated how helpful the messages were 
in highlighting key concepts during gameplay. The results are summarized in Table 2. Overall, the 
messages were rated as moderately effective. Messages about hazard occurrence rates, the 
importance of substations, and collaboration received the highest scores, while messages related 
to nonfunctional neighborhoods and equity disparities were rated lower, suggesting areas for 
refinement. We hypothesize that these lower ratings may be due to these messages being less direct 
and requiring greater interpretation than those related to hazard impacts and system components. 
This may limit their immediate usefulness during decision-making. These findings suggest that 
additional support may be needed to more clearly connect equity-related messages to observable 
game outcomes and player decisions. Additionally, in open-ended responses, students described 
using the messages to guide decision-making in real time. Common themes included identifying 
which neighborhoods were falling behind and needed additional support, anticipating which areas 
were most likely to be impacted by hazards, and adjusting repair/retrofit strategies in subsequent 
turns based on observed outcomes. Several students also noted that the messages helped their 
teams coordinate roles and plan actions more effectively. 

Lastly, the effectiveness of the short lecture module was evaluated. Students rated how helpful the 
lecture was in supporting the six learning objectives (LO1–LO6). As summarized in Table 3, the 
lecture module was rated as moderately helpful overall, suggesting opportunities to further 
strengthen the lecture content and examples to better support student learning. 



Table 2. Student Ratings of In-Game Message Effectiveness 

In-game Message Effectiveness Score 
Climate change 3.39 
Different hazard occurrence rates by zone 4.06 
Importance of substations 3.81 
Nonfunctional neighborhoods 3.31 
Retrofit disparity 3.29 
Restoration disparity 3.27 
Collaboration 3.80 
Average 3.56 

 
Table 3. Student Ratings of Lecture Module Effectiveness Across Learning Objectives 

Learning Objectives Score 
Understand different factors that influence 
community resilience. (LO1) 3.67 

Apply multi-criteria decision-making for 
infrastructure systems. (LO2) 3.41 

Understand how equity can be considered in 
infrastructure decision-making. (LO3) 3.56 

Assess the potential impact of different decisions on 
various stakeholders in the community, including 
marginalized groups. (LO4) 

3.67 

Collaborate with others to make informed and 
equitable decisions based on multiple criteria and 
perspectives. (LO5) 

3.61 

Understand the challenges of considering multiple 
criteria in infrastructure decisions. (LO6) 3.61 

Average 3.59 
 
Conclusions and Future Work 
This work-in-progress paper compared learning outcomes across board and computer-based 
implementations of an infrastructure decision-making game and evaluated two Phase 4 
pedagogical enhancements: a short lecture module and in-game reflective messages. Across all 
implementations to date, students reported consistently high post-game self-assessment scores 
aligned with the learning objectives, suggesting that both the board game and computer game 
formats can effectively support consequence-oriented and equity-aware decision-making learning. 
In the most recent computer game testing, students rated the in-game messages and short lecture 
module as moderately helpful, and open-ended feedback indicated that the messages influenced 
real-time decisions by helping teams anticipate hazard impacts, identify underserved 
neighborhoods, and adjust repair and retrofit strategies. These findings highlight the value of 
game-based learning for introducing complex resilience and equity concepts in undergraduate 
structural engineering and point to opportunities to further refine instructional supports to 
strengthen learning outcomes. 
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