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ABSTRACT 

Geotechnical engineering requires successfully interpreting field conditions to design an 

appropriate solution, but how engineers accrue the judgment required to make appropriate 

decisions is a research area still in its adolescence. Members of industry posit that engineering 

experience is essential for competent engineering practice and the development of this engineering 

judgment. Many undergraduate engineering courses and curricula are deficient in opportunities to 

acquire such experience. Building on previous work that shows students can learn through virtual 

experiences as well as in person experiences, the GeoExplorer project consists of mixed reality 

“mock internship” modules that allow students to get preliminary experience with field testing 

before ever stepping foot in the field. However, it is not entirely clear what kinds of experience 

build engineering judgment and defining engineering judgment in the context of practicing 

engineering does not immediately map to relevant competencies. To inform an assessment tool 

that serves students and educators in developing engineering judgment, other perspectives must be 

engaged. Looking at the overlap of accepted assessment of critical thinking competencies with 

those required for engineering judgment, as determined by practicing engineers, can be used to 

inform the development of engineering judgment. Focusing on the intersection of geotechnical 

engineering, engineering education, and game design, the newest GeoExplorer module is being 

designed to both develop and assess gains in engineering judgment. The distinguishing features 

between critical thinking and engineering judgment were used to begin developing a cogent 

definition of engineering judgment competencies and an effective means to assess these 

competencies in students within the context of the GeoExplorer modules. 
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1. INTRODUCTION 

In designing and constructing the built environment, civil engineers make countless 

choices. With so many unknowns in the materials, loading, and situations in this discipline, it is 

no wonder that engineers rely seemingly on their gut instincts – honed by years of practice and 

experience – to make redline decisions. What informs these decisions? Many civil engineers point 

to the term “engineering judgment” to explain the intermediate steps between unknowns and a 

solution. Geotechnical engineering is a subset of civil engineering that involves a particularly high 

proportion of unknowns and therefore requires a great deal of engineering judgment. 

Prevailing rhetoric indicates that experience forges a strong sense for engineering 

judgment, and geotechnical engineers highly value on-the-job training. It is unclear what kinds of 

experiences best lend themselves to the development of engineering judgment, and it is unclear if 

an academic background can foster these kinds of experiences. As the landscape of engineering 

education changes, virtual and mixed reality allow students to have experiences that are more 

traditionally associated with on-the-job training. The National Science Foundation funds the 

GeoExplorer project (Award #1915121) to develop a virtual environment in which students can 

experience geotechnical site investigations through their computer. Currently, the project has 

developed a Cone Penetration Test (CPT) site investigation module and is in the process of 

developing a Levee Inspector site investigation module. The CPT Operator module enables 

students to get experience characterizing subsurface profiles that they would not otherwise 

encounter in an academic environment and has been implemented in introductory geotechnical 

engineering courses at more than ten institutions to date (Bennett et al., 2020). The levee inspection 

module is an open-ended mission that allows students to make time-sensitive decisions based on 

observations of flood-control infrastructure.  
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Figure 1.1: GeoExplorer implementation. Students play the CPT Operator module during the Spring 2021 

implementation of GeoExplorer at Rensselaer Polytechnic Institute. 

 

The GeoExplorer project highlights that the path to teaching and learning engineering judgment is 

shifting. However, in developing these virtual environments, it is important to understand 

explicitly what competencies students need to learn in order to create the kind of experience that 

builds engineering judgment. 

Many experts in geotechnical engineering have dedicated themselves to determining what 

exactly is involved in this elusive concept. Geo-legend Ralph Peck (RPI Class of 1934!) spent a 

nontrivial part of his career unearthing the paradigms required for applying judgment to the 

observational method (Szavits-Nossan, 2006). Since then, more people have expanded upon the 

concept of engineering judgment and there have been many attempts to define analogous concepts. 

In the past few decades, W. Allen Marr and Steven Vick have become significant contributors to 

this space with a major focus on developing judgment as a practicing engineer. After working in 

industry for some years, most geotechnical engineers have an implicit understanding of when they 

use good judgment in their practice. However, while industry professionals may share the same 
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implicit understanding of what comprises engineering judgment,  this understanding does not pave 

the path from novice to expert. Without an explicit definition, many doubt the existence of 

engineering judgment as a valid construct, much less its ability to be taught.  

To this end, the qualitative research conducted in this thesis identifies seven themes relating 

to the competencies involved in engineering judgment: Selection of the Right Problem, 

Establishment of Criteria, Pursuit of Lifelong Learning, Understanding of Fundamental Concepts, 

Attempt at Global Engineering, Application of Judgment, and Effective Communication. These 

themes are comprised of the following categories: identification of problem space, identification 

of key question, reflection on positionality, intellectual growth and curiosity, understanding of 

fundamental concepts, attention to information and assumptions, evaluations and inferences, 

consideration of implications and consequences, a definitive conclusion, consideration of points 

of view, and the format and presentation of ideas. Evaluation of these competencies may serve as 

the foundation for understanding how to improve engineering judgment.  

Author’s Note: The categories that emerged to assess engineering judgment serve the 

purpose of explicating the process of navigating the intermediary between a problem and a solution 

and have been used as subsection headers throughout this thesis. 

1.1 Identification of Problem Space 

Despite implicit consensus in the geotechnical engineering industry, the academic 

landscape remains quite barren of anything concrete for developing engineering judgment. In 

October 2017, the ABET Engineering Accreditation Commission approved the 2016 proposed 

changes to the Engineering Program Criteria for Student Outcomes and Curriculum for  

implementation in the 2019-2020 Cycle (ABET, 2020). The new definitions and requirements for 

student outcomes are of particular interest to faculty tasked with transitioning curricula to 
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demonstrate student achievement on these new requirements. Within the new changes requiring 

“documented student outcomes,” are “4. an ability to recognize ethical and professional 

responsibilities in engineering situations and make informed judgments, which must consider the 

impact of engineering solutions in global, economic, environmental, and societal contexts,” as well 

as “6. an ability to develop and conduct appropriate experimentation, analyze and interpret data, 

and use engineering judgment to draw conclusions,” (ABET, 2020). There is a heavy emphasis on 

professors to teach ways of thinking such as engineering judgment, but no substantial resources 

available to understand what engineering judgment is, much less how one might go about assessing 

it to meaningfully document student outcomes. In his paper “A Plea for Judgment,” philosopher 

Michael Davis argues that “teachers of engineering… might do a better job if they were clearer 

about what the judgment they teach is and how it can be taught,” and admits that “so little has been 

written about judgment that [he] must leave many important questions unanswered—and some not 

even asked,” (Davis, 2010). To fulfill the requirements set out by ABET, professors need a new 

set of tools to assess their students.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

These recent changes to the ABET criteria represent a shift felt not only in the civil 

engineering industry. With the rise of information technology and software analysis, the workforce 

now requires a different subset of skills. Many parts of a job description have been or will soon be 

automated. It is necessary to employ good engineering judgment in the so-called “Information 

Age” to appropriately constrain software inputs, analyze outputs, and contextualize the solutions 

(Marr, 2006). In geotechnical engineering, where information about the subsurface must be 

extrapolated from discrete data points, it is critical to understand what information is appropriate 

for a software analysis (Marr, 2006). The identification of the newest geologic time period of the 

Anthropocene has also amplified the problems in civil engineering. As climate change and 
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socioeconomic issues become increasingly prominent, is not enough to judge if a design will fail; 

a systematic and conscientious approach to the built environment is necessary. A 2011 piece in the 

Economist makes the claim that: 

“What geologists choose to call a period of history normally matters little to the rest of 

mankind… The Anthropocene is different. It is one of those moments where a scientific 

realisation [sic], like Copernicus grasping that the Earth goes round the sun, could 

fundamentally change people's view of things far beyond science. It means more than 

rewriting some textbooks. It means thinking afresh about the relationship between people 

and their world and acting accordingly,” (Anonymous, 2011). 

This exemplifies the magnitude of impact humans have had on the geologic world and how civil 

engineering will need to react. For example, no matter how well the properties of asbestos fit 

within the solution of an engineering challenge, it is understood to be an inappropriate material to 

use in design due to the harm it causes when inhaled. Other forms of pollution systemically 

affecting certain groups more than others need to quickly become part of this collective space of 

unacceptable solutions. Past attempts at defining engineering judgment are often missing the most 

critical aspect in the Information Age of the Anthropocene: empathy. Future attempts at teaching 

judgment need to include an emphasis on the multitude of perspectives in this epoch. To practice 

empathetic engineering, engineers must mindfully make nuanced decisions. Engineering 

education must rise to this challenge and the advancements in educational virtual environments 

are poised to achieve this. Well-developed engineering judgment is crucial for a practicing 

engineer, and engineers have increasingly demanding problems they must solve in the age of the 

Anthropocene. 
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The GeoExplorer project aims to springboard geotechnical education into a position that 

can address the increasing demand of engineering education. This project is predicated on work 

done by Casper Harteveld in assessing the effectiveness of game-based training. From research on 

how players make sense of a levee patrolling module, Harteveld determined that players can learn 

from a virtual environment and their learning gains can translate to evaluating real-world scenarios 

(Harteveld, 2012). The GeoExplorer project is currently focusing on the development of a new 

levee inspection module to apply this theory to geotechnical education. This module is open-ended 

by design; players will enter the virtual environment with little to no instruction besides the implicit 

objective of inspecting levees. Thus, students will need to employ engineering judgment to make 

sense of their environment and move toward good engineering decisions. Figure 1.2 shows how a 

student can observe an environment before evaluating the task at hand.  

 

Figure 1.2: Levee inspection module. A player uses "drone mode" to survey the virtual environment. 

 

By developing competencies that improve engineering judgment through a virtual 

environment, these competencies should translate to improved real-world intuition. The 

GeoExplorer project has already developed a CPT Operator module that has been implemented in 
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many higher education institutions (Bennett et al., 2020). The scope of this module is less open-

ended; players will know the objective of each task as outlined by their in-game project manager. 

However, this game still provides students the ability to work on competencies that may similarly 

improve engineering judgment.  

1.2 Identification of the Key Question 

Identifying the competencies required for engineering judgment and the methods to 

developing these competencies will lead to understanding how to develop engineering judgment 

itself. This is the purpose of the research presented in this thesis. Through an understanding of 

what engineering judgment is comprised, the path to developing it can be explored. The 

GeoExplorer project is well poised to meet the increasing demands of engineering education, but 

the modules must be systematically designed to improve engineering judgment and students’ 

abilities to approach the difficult problems in the future of their careers. The emerging tools from 

this project must speak to the process of engineering judgment identified by industry experts as 

well as the broader implications for which engineering education must prepare students. 

Civil engineers use engineering judgment to make important and difficult decisions, but 

these engineers are not mindful of the process through which they navigate these uncertainties. 

Steven G. Vick laments that “Geotechnical engineers more than any others are so steeped in the 

traditions of judgment that they use the term and apply the concept in almost an offhand way,” 

(Vick, 2002). This raises the question: How do aspiring engineers improve their engineering 

judgment and how can this be mapped to a virtual environment? This pathway can inform a 

method for developing and assessing engineering judgment within the GeoExplorer levee 

inspection module. 
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2. LITERATURE REVIEW 

To develop teaching and learning tools that pave the path between engineering education 

and the engineering judgment required in engineering practice, working definitions of the 

competencies of engineering judgment are required. The term “critical thinking” often surfaces in 

conversations about engineering judgment and can be explored in conjunction with conversations 

around engineering judgment from practicing engineers. By synthesizing the existing literature on 

engineering judgment with the more well-developed concept of critical thinking, this analogous 

pedagogy can be leveraged to develop the path to engineering judgment. The similarities and 

differences between these ideas informed an emerging set of tools to solidify the link between 

engineering education and an engineer with good judgment. 

2.1 Engineering Judgment Concepts 

Ralph Peck is a well-known figure in the field of geotechnical engineering, having laid 

impressive groundwork in the practices of soil mechanics and, as an alumnus of Rensselaer 

Polytechnic Institute (RPI), his legacy has permeated the school’s geotechnical curriculum 

(DiBiagio & Flaate, 2000). While he never resolved a formal definition of engineering judgment, 

most subsequent attempts at a definition from others pull directly from his work in the engineering 

judgment space. There are many cognate terms for engineering judgment; any definition relating 

to the intermediary between an engineering challenge and resulting solution will be considered 

within the space of engineering judgment concepts evaluated. The commonality between most 

definitions proposed for this intermediary space is that they are unable to settle on an all-

encompassing definition. Instead, the competencies that comprise engineering judgment are more 

important to understand in order to navigate the intermediate space between a problem and its 

solution. 
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Peck identifies a “sense of proportion,” an ability to “select and solve the right problem,” 

and an ability to “establish reasonable criteria” as the three main components involved in good 

judgment (DiBiagio & Flaate, 2000). A well-developed sense of proportion means that an engineer 

with good judgment should be able to “judge the correctness of a simple calculation” based on the 

order of magnitude relative to other similar scenarios, properly selecting and solving the right 

problem means that an engineer is able to identify the fundamental mechanism for an engineering 

challenge, and when establishing criteria, an engineer must understand what variables to constrain 

and how much to constrain them (DiBiagio & Flaate, 2000). Peck also speaks to engineering 

judgment being founded on “empiricism or precedent” and “theoretical” calculations, and warns 

that “seemingly small extrapolations from precedent can lead to failure” when empiricism strays 

too far from theory over many iterations (DiBiagio & Flaate, 2000). Peck is firmly of the belief 

that engineering judgment can be taught by immersing oneself in precedent more so than pure 

theory (DiBiagio & Flaate, 2000). Peck prescribes learning back of the envelope calculations, 

keeping up to date with the magnitudes of innovation, and engaging with multiple disciplines 

within the civil engineering process for the duration of one’s career (DiBiagio & Flaate, 2000). 

Thus, an engineer will develop a sense of what the answer may be and what scope it should be 

within, which is the basis of Peck’s idea of engineering judgment.  

W. Allen Marr, founder of Geocomp Corporation, has also given much thought to 

developing good judgment as a practicing geotechnical engineer. Marr has published two key think 

pieces on engineering judgment that demonstrate the evolution of his thoughts on engineering 

judgment through his career. Marr often references Peck directly and concludes that geotechnical 

engineers, “rely heavily on their engineering judgment, even though they find it hard to describe 

what their engineering judgment really is,” which is consistent with Vick’s lamentation and is a 



 

10 

 

theme that repeats itself throughout every part of this literature review (Marr, 2006). This theme 

is especially apparent in the difficulties educators have in teaching judgment to their students. In 

his first pass at parsing engineering judgment, Marr identifies several forms of thinking that are 

related to the engineering judgment process, citing “The Delphi Report” by Facione (1990), a 

consensus of experts on critical thinking. Marr identifies that engineering judgment and critical 

thinking are of utmost importance during the “Information Age” (Marr, 2006). He centers on the 

concept of critical thinking, wondering “Is critical thinking the same as that elusive term we all 

draw upon and call “engineering judgment”?… Might we gain more insight to engineering 

judgment by looking at what critical thinking means?” and directly equates the six key skills of 

critical thinking to the development of engineering judgment (Marr, 2006). He initially identifies 

five analogous stages in the geotechnical engineering process: investigation, analysis, prediction, 

observation, and evaluation (Marr, 2006), but settles on four stages: investigate and characterize, 

analyze, design, and observe and evaluate (Marr, 2020). The large amount of critical thinking 

literature provides ample support for engineering judgment, but several years later, Marr discards 

the direct comparison to critical thinking and settles on a definition for judgment: “Judgment is 

the exercise of thinking about a problem clearly, logically, and calmly, weighing the known facts, 

assumptions, missing information, and consequences with considerations of ethical factors, and 

then deciding on a course of action. It’s the ability to come to sensible conclusions about an issue 

in the presence of incomplete and conflicting information,” which distinctly refers to the process 

of moving from a problem to its solution (Marr, 2020). While Marr is right, critical thinking does 

seem to fill a lot of the gaps in previous considerations of engineering judgment, he is also right to 

discard the false equivalence between critical thinking and engineering judgment. Though these 
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concepts have many important similarities, their key differences will be used to further sharpen 

the definition of engineering judgment herein. 

Another prominent prophet of engineering judgment is Steven Vick; he, too, references 

Ralph Peck’s thoughts on engineering judgment. Vick may lament that the term is used in an 

offhand manner by many engineers, but believes that, in understanding how one comes to a 

decision, “Judgment provides the missing ingredient. If knowledge is information in context, then 

this demands the synthesis and integration of information as a unified whole, with judgment the 

vehicle that brings it about,” and describes judgment as a way to transform information (Vick, 

2002). When Marr points to critical thinking, he asks it to do this same work, saying “we apply 

judgment to transform the known information about the geometries and materials’ behaviors into 

parameters our analytical methods will accept,” and he uses critical thinking to define this 

transformation in ways that cannot be described within the language typically used in engineering 

judgment (Marr, 2006). Vick believes that judgment is something one uses, not thinks about (Vick, 

2002), which fits into the idea that judgment is something to be applied in the intermediary between 

a problem and a solution. Michael Davis distinguishes between judgment and a judgment: “The 

exercise of judgment (in this sense of ‘‘judgment’’) yields a judgment (a kind of decision),” and 

delimits judgment in a way consistent with Vick’s interpretation (Davis, 2012). Vick points to 

three fundamental attributes of judgment: diagnosis, induction, and interpretation to describe the 

processes underpinning judgment in a way that had not been done before (Vick, 2002).  

Diagnosis is defined by Vick as problem definition; a student may not consider this step 

when directly given a problem set (e.g., in the CPT operation module of GeoExplorer) but 

necessarily must consider the problem when “diagnosing” it themselves (e.g., in the levee 

inspection module of GeoExplorer). Vick believes that hypothesis formulation, intuition, a feel for 
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the problem, and visualization are the components of diagnostic judgment (Vick, 2002). This 

directly correlates to Peck’s thoughts on engineers being able to “select and solve the right 

problem,” where an identification of the problem space is necessary to “diagnose” the fundamental 

mechanism that one must mitigate. This ability to diagnose also relies upon the “sense of the fitness 

of things,” that Peck believes leads engineers to better understanding a problem space (DiBiagio 

& Flaate, 2000). Vick describes the attribute of induction as “methods of reasoning,” that is 

supported by “observation and evidence,” and describes the idea that, through induction, things 

one has seen before inform an interpretation in the present (Vick, 2002). In this way, Vick leans 

on induction in the way that Marr leans on critical thinking. The third attribute that Vick describes 

is interpretation, supported by the components of interpretive context, pattern templates, and 

personal experience (Vick, 2002).  

These attributes are interesting because they combine the traditional belief that experience 

is what guides judgment with the mechanism of induction for describing the transformation of 

experiences into decisions. Vick tangentially delves into the philosophical discourse surrounding 

induction and brings to light the difficulties in predicating engineering education on this idea; 

induction may have a large amount of philosophical discourse, but due to the nature of the beast 

has very little that can be considered tangible. Vick references Hume’s Problem of Induction, the 

belief of renowned philosopher David Hume that, due to its nature, “knowledge could not be 

gained by induction,” and Vick concludes that “he committed some logical sins of his own… so it 

might just as easily be concluded that Hume’s Problem of Induction was less induction’s problem 

than Hume’s,” demonstrating the fickle nature of studying induction (Vick, 2002). Still, Vick’s 

three attributes for engineering judgment (diagnosis, induction, and interpretation) echo the 

thoughts of Peck and Marr.  
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These past forces bring us to the present-day state of engineering judgment. A cognate to 

engineering judgment is referenced by Travis Shoemaker of Schnabel Engineering as “engineering 

cognition,” in which he uses the concept of cognition to do the work that critical thinking does for 

Marr and induction does for Vick in explaining how judgment brings one from a problem to a 

solution (Shoemaker, 2020). Shoemaker defines cognition as “the mental action or process of 

acquiring knowledge and understanding through thought, experience, and the senses,” and 

identifies gathering information, synthesizing information, and conveyance as the means to this 

end (Shoemaker, 2020). This is also similar to how Dr. William D. Lawson of Texas Tech speaks 

of engineering judgment. Lawson muses over the role of engineering judgment in the different 

disciplines of engineering judgment, agreeing with Vick that “Judgment is the means by which 

‘evidence is recognized, supporting evidence compiled, conflicting evidence reconciled, and 

evidence of all kinds weighed according to its perceived significance,’” following the theme of 

judgment being a vehicle for transforming information (Lawson, 2020). He also indicates that “A 

survey of engineering faculty shows they ‘strongly agree’ that engineering judgment is important 

for problem-solving, but most struggle to ‘name specific things students can do to obtain 

judgment,’ and more are ‘not sure’ how to assess judgment,” echoing the theme of others (Lawson, 

2020). This indicates the necessity of evaluating the status of engineering education with respect 

to engineering judgment. 

2.2 Engineering Education Concepts 

All of those who speak to the necessity or complexity of engineering judgment concur that 

it is difficult to teach. The consensus is that because teachers cannot explicitly define engineering 

judgment themselves, they do not know what steps to take to develop it in their students. This 

literature review looks at ways that engineering educators are already teaching or acknowledging 
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engineering judgment in their engineering courses. It is apparent that, like Marr, many educators 

have identified the core concepts of critical thinking as important to teaching judgment to students. 

Some educators aim to have students determine what engineering judgment is themselves. 

Lawson states that “As a civil engineer educator, I routinely assign senior undergraduate students 

to read articles and write an essay defining engineering judgment and explaining how it is obtained. 

My personal experience indicates that prior to the assignment, students ‘rarely’ have encountered 

a definition of engineering judgment and most are ‘not sure’ how to obtain judgment,” which is 

consistent with his characterization of engineering faculty and their lack of clarity on the subject 

(Lawson, 2020). Engineering educators are working to improve students’ judgment through 

different methods, but often the educators fall short of quantifying the judgment they aim to teach.  

Jonathan Weedon’s “Judging for Themselves: How Students Practice Engineering 

Judgment” (2016) describes how students may practice the discipline within the context of 

engineering education. He speaks to how engineering education approaches teaching engineering 

design, by explaining that “what educators do is put students in situations that call for the practice 

of engineering judgment, hence the proliferation of design courses in undergraduate engineering 

programs in the last two decades that seek to emulate the constraints and requirements of 

professional engineering,” and he claims that these courses are where students may have the 

chance to perform tasks that directly relate to those they may do in engineering practice, and 

therefore can develop engineering judgment as they would in practice (Weedon, 2016). Weedon 

defines engineering judgment as “a distinct visual/mental capacity to artfully deploy and apply 

lessons from past technical knowledge to fit emergent situations,” and asks “so how is it done? 

How do students do it? And how can such an abstract definition become a little more concrete?” 

(Weedon, 2016). The work in his 2016 paper shows that “judgment is immanent in mundane 
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engineering work, and how common tools of engineering serve as the basis for developing a type 

of judgment that could be called engineering judgment,” which can be extended to the idea that 

even a lab report or targeted activity can assist students in developing the competencies required 

for engineering judgment (Weedon, 2016). Echoing Ralph Peck, he concludes that “as students 

learn the science, mathematics, and tools of engineering, they still must develop the ability to judge 

the correctness and fit of applying their learning to real situations” (Weedon, 2016). 

Lanziner and Strong speak to quantifying engineering education, but do not touch on the 

concept of judgment. However, their approaches to assessment are discretized through the “ICE” 

approach, for which they define a breakdown of Ideas, Connections, and Extensions that can be 

mapped to measuring achievement of engineering judgment competencies. They state that 

“Extensions are made when students use their learning in novel ways by finding deeper meanings 

and applications,” as the highest level of understanding, which is a way to quantify how well a 

student has transformed data (Lanziner & Strong, 2016). When students identify how data can be 

transformed, “Connections are made when students demonstrate relationships among the elements 

in the Ideas stage or between what they have learned and what they already know,” which is based 

on the use of Ideas as “when students convey the fundamental concepts, including vocabulary and 

definitions and the basic steps in a process,” where identification of Ideas alone may not transform 

them (Lanziner and Strong, 2016). Students are given four points for work done at the Extensions 

level, three points for Connections, two points for Ideas, and just one point for an attempt “below 

minimum standards,” which can be used to assess engineering judgment competencies (Lanziner 

& Strong, 2016). Francis, Paretti, and Riedner look at the way students in engineering 

communicate their judgments when making tradeoffs. The assumptions underlying this analysis 

are that when using engineering judgment, professional engineers need to understand what ethical 



 

16 

 

decisions they are making and why, and be able to communicate these decisions with nuance in 

order to justify their judgments (Francis et al., 2020). Thus, if a student is able to effectively 

communicate their thought process, they more explicitly interact with their judgments and can 

learn from them in the way Ralph Peck would suggest. 

The concept of professional development and curriculum support for faculty is emphasized 

by Mani Mina, who remarks that “most engineering instructors do not receive specific training in 

pedagogy and (the very many) other aspects of education,” taking this further by saying “unless 

we constantly review our work with students and change our teaching styles dynamically, we may 

fail in our mission of educating competent engineers,” (Mina, 2003). Mina assesses John Dewey’s 

five stages of critical or reflective thinking and determines that these steps are analogous to steps 

in problem solving, which can be interpreted as the application of engineering judgment, linking 

critical thinking to engineering education (Mina, 2003). He acknowledges that an emphasis on 

thinking prioritizes not the end goal but the process of improvement itself, which differs from 

teaching engineering judgment. Most notably, he claims that “Students need a safe environment 

and enough time and resources to question and reject received explanations and to attempt to find 

better ones,” which supports the use of virtual environments for students’ learning where they can 

fail safely (Mina, 2003). The concept of “lifelong learning” is prominent in Mina’s assessment of 

the necessities of the teaching and learning landscape. 

Lisa Romkey and Yu-Ling Cheng, like Marr, believe critical thinking is an important part 

of engineering education. Their work delves into the world of critical thinking, and they have 

identified several “thinking constructs for constant consideration” that engineers should strive 

toward that are based on critical thinking (Romkey & Cheng, 2009). They identify eight 

intellectual habits, five intellectual deliberations, and three activities for a reflexive disposition that 
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an engineer should keep in mind as part of an overall critical thinking framework and frame these 

sixteen constructs in the context of a “global engineer,” (Romkey & Cheng, 2009). This is a 

pertinent distinction in the Information Age of the Anthropocene. Their work differentiates 

between intellectual habits, deliberations, and dispositions, but all three can be included under the 

umbrella term of “competencies” used in this thesis (Romkey & Cheng, 2009). This attempt fully 

recognizes the need for empathy but does not further clarify the path between novice and expert. 

They recognize that this framework is preliminary and has no concrete identifiers, saying that there 

are additional steps necessary to actualize the framework in an engineering curriculum (Romkey 

& Cheng, 2009). Because of this, critical thinking measurement criteria must be further analyzed 

to determine how to realize the framework identified by Romkey and Cheng.  

2.3 Critical Thinking Concepts 

Both practicing engineers and engineering educators reference the concept of critical 

thinking as an important scaffolding for thought processes involved in engineering. It is clear that 

critical thinking is an important field for framing engineering education in the sense of engineering 

judgment. This type of thinking has a comparatively large amount of discourse among experts. It 

is worthwhile to query how critical thinking is similar to and different from engineering judgment 

such that it can be more purposefully leveraged toward the goal of explicating engineering 

judgment.  

In 1990, Peter Facione published “The Delphi Report” on critical thinking, a consensus of 

forty-five experts in the critical thinking field. This report contains the synthesis of opinions from 

this panel of experts following the Delphi Method of qualitative research. The members of the 

panel define critical thinking in terms of six core cognitive skills of which they agree it is 

comprised, stating “we understand critical thinking to be purposeful, self-regulatory judgment 
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which results in interpretation, analysis, evaluation, and inference, as well as explanation of the 

evidential, conceptual, methodological, criteriological, or contextual considerations upon which 

that judgment is based,” and the report explicates each of these cognitive skills in detail (Facione, 

1990). In his earlier piece surrounding the concept of engineering judgment, Marr references these 

six skills (Marr, 2006). Of these six skills, the report finds “the experts to be virtually unanimous 

(N>95%) on including analysis, evaluation, and inference as central to CT. Strong consensus 

(N>87%) exists that interpretation, explanation and self-regulation are also central to CT,” 

(Facione, 1990). “The Delphi Report” also indicates that there is a dispositional dimension to 

critical thinking, meaning one’s proclivity toward employing any of the cognitive skills (Facione, 

1990).  

This contrasts with Romkey and Cheng’s identification of “competencies” without 

distinguishing between the skill and dispositional dimensions of each competency, and indeed 

many of their identified competencies map to dispositions rather than cognitive skills and vice 

versa (Romkey & Cheng, 2009). The word “competency” is well suited to the engineering 

judgment tools and has been used throughout this thesis to refer to both skills and dispositions as 

both are important for successful exercising of judgment. The experts concede that “while CT 

skills themselves transcend specific subjects or disciplines, exercising them successfully in certain 

contexts demands domain-specific knowledge, some of which may concern specific methods and 

techniques used to make reasonable judgments in those specific contexts,” which is consistent with 

the status of engineering education (Facione, 1990). The skills, sub-skills, and their definitions all 

help approach the conceptualization of engineering judgment competencies.  

Peter Facione further takes these concepts in the direction of understanding how one 

develops critical thinking. While hypothesizing different examples of strong critical thinking, he 
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identifies “the person who can explain exactly how a particular conclusion was reached, or why 

certain criteria apply,” which is consistent with the work from Francis, Paretti, and Riedner 

(Francis et al., 2020) on young engineers using engineering judgment (Facione, 2013). In this 

work, he also comes up with a myriad of examples of each of the critical thinking skills, which are 

a key step in explicating what one might specifically do for practicing and therefore improving 

each of these cognitive skills. In a similar vein of work, Richard Paul and Linda Elder developed 

The Miniature Guide to Critical Thinking Concepts and Tools for The Foundation for Critical 

Thinking in 2008. This guide explicates more examples of the critical thinking skills identified 

through the consensus of experts. Paul and Elder define critical thinking as “the art of analyzing 

and evaluating thinking with a view to improving it,” which is generally consistent with the 

consensus of experts (Paul & Elder, 2008). Critical thinking is defined as a process that must be 

applied to itself by the experts, with self-regulation appearing in the six core cognitive skills of 

“The Delphi Report.” Paul and Elder reiterate this self-regulation by stating that critical thinking 

is “in short, self-directed, self-disciplined, self-monitored, and self-corrective thinking,” which 

emphasizes the importance of this self-regulation (Paul & Elder, 2008). This is the key difference 

between engineering judgment and critical thinking. While critical thinking is primarily geared 

toward self-improvement of one’s own thinking and understanding, engineering judgment is 

geared toward deciding on an appropriate solution. No matter how critically one thinks about a 

problem, if judgment is not used to navigate to a solution, the engineering process is not complete 

(Marr, 2006).  

Paul and Elder identify eight elements of thought which are then referenced directly within 

their “checklist for reasoning,” which provides clear examples of what a critical thinking learner 

may use in an activity (Paul & Elder, 2008). This checklist, along with other engineering specific 
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examples appear in The Thinker’s Guide to Engineering Reasoning by Paul, Elder, and Robert 

Niewoehner, which is the preceding look at this concept from these experts. This booklet provides 

examples as to how one might apply the elements of thought to analyzing a design in the context 

of engineering (Paul et al., 2006). But, for all the resources explicating the cognitive skills one 

must employ for critical thinking and the plethora of examples given, this concept is still not easily 

taught.  

Claire Phillips and Susan Green postulate that the difficulty in teaching critical thinking is 

because instructors may need to develop their own understanding of critical thinking first. Phillips 

and Green promote the concept of lifelong learning and suggest that there are key assumptions 

employed when a body attempts to embed critical thinking into a curriculum: “a) that faculty 

themselves have attained an advanced level of critical thinking, b) that these same teachers have 

the knowledge thorough which they can, in turn, evaluate their students’ level of CT knowledge 

and, c) that college instructors have the requisite skill sets needed to develop discipline-specific 

exercises that will effectively enhance their students’ critical thinking skills,” (Phillips & Green, 

2011). This qualitative study featured interviews with faculty in different college courses and 

determined that when faculty lack the language to define critical thinking, they find it difficult to 

imagine how to teach it (Phillips & Green, 2011). As it turns out, “the study found little evidence 

of any systematic effort to reinforce critical thinking skills in their instructors or a significant level 

of effort in promoting that skill set in their students,” which may explain why “some instructors 

readily admittedly that they had no idea how to judge critical thinking skill level (even though they 

acknowledged the fact they were expected to conduct critical thinking skill set evaluations),” and 

mirrors the state of both teaching and learning engineering judgment (Phillips & Green, 2011). 

Phillips and Green further reference that “Because ‘many educators perceive a challenge with 
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matching the theories of critical thinking with specific instructions’ (Johanson, 2010, p. 27), 

colleges must make an effort to offer curriculum development support in critical thinking areas,” 

and conclude that the three assumptions they identified are often not applicable (Phillips & Green, 

2011).  

The amount of literature and discourse in the critical thinking space far surpasses that in 

the engineering judgment space. However, it is clear that there are many similarities between what 

the two concepts are and how they may be developed. That the difficulties in teaching these 

concepts are so similar points to the applicability of the frameworks for teaching and learning 

critical thinking on teaching and learning engineering judgment.  
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3. METHODS 

Literature from geotechnical engineering, engineering education, and critical thinking were 

used as data sources to inform creation of a tool to develop and assess engineering judgment. To 

collate the information from these data sources, the constant comparative method was used to 

identify recurring ideas. The constant comparative method follows four steps: “(1) comparing 

incidents applicable to each category, (2) integrating categories and their properties, (3) delimiting 

theory, and (4) writing the theory” (Glaser, 1965). Any incident of a recurring idea was identified 

in the data sources as a “code” and similar codes were grouped within “categories.” From 

integrating these categories, the overarching “themes” within engineering judgment emerged. This 

method works by continually reflecting on previous information to update and reassess emergent 

codes, categories, and themes. At the beginning of the analytical process, positionality and analyst 

biases have a larger effect on coding; by gathering and comparing examples, there are more points 

of reference and the categories can be fleshed out with more comparison against other perspectives. 

It is important to catechize the analyst’s positionality when conducting qualitative analysis as it 

necessarily affects the analytical process in the early stages. The goal of the constant comparative 

method is to yield data categorization that is robust and grounded in the original data sources. The 

work presented in this thesis is still under development, i.e., the codebook has not reached 

saturation yet and further coding and categorization is necessary moving forward. The process for 

tool refinement outlined in this section can be used by those looking to refine or adapt the emerging 

tools for their own courses.   

3.1 Reflection on Positionality 

I am a white, female graduate student pursuing my Master of Science in Civil Engineering 

while working as a Research Assistant for my advisor Dr. Victoria Bennett, the chair of my thesis 
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committee. My advisor and I share the same gender and race; we work closely together and I view 

her as a role model. Dr. Bennett encouraged me to join the GeoExplorer project, pitching it as a 

potential way to introduce students without the opportunity for an internship to the concept of site 

investigation. I had the good fortune to work on this project as an undergraduate student before 

committing to a graduate degree funded by this project.   

Before joining the GeoExplorer project, I spent my first internship overseeing site 

investigations: test pits and mud-rotary drilling. My next semester, I found that the context of this 

work made my courses much more intuitive for me. Having prepared subsurface logs based on 

strata changes I had personally observed and recorded during excavation or drilling helped me 

understand how to delineate where a layer with similar engineering properties started and ended. 

During my internships, I have noticed that I feel most comfortable on a job site when I feel that I 

have sufficient background knowledge of the project scope and what kind of information will be 

used from a subsurface investigation that I am overseeing. I am comfortable standing up to a 

contractor when I know that more information is necessary and can justify a decision myself. 

3.2 Information and Assumptions 

Literature indicates that teaching and learning is improved when instructors have specific 

support in their endeavors. To support the development of engineering judgment, instructors will 

need to intentionally make room within their courses for goals and assessments that align with 

engineering judgment. The processes presented in this work aim to curate a set of tools to work as 

scaffolding to support the development and assessment of engineering judgment. These emerging 

tools can be applied directly to a course, and in some cases can be integrated within a curriculum. 

For example, within the ABET criteria for Civil Engineering, courses are required to teach students 

to “analyze issues in professional ethics,” (ABET, 2020). The RPI Civil and Environmental 
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Engineering department requires each cohort to take four introductory courses in civil engineering, 

and each year the ethics requirement is covered in a different introductory course. In this way, an 

engineering judgment tool may serve both a course and a curriculum. The set of tools prototyped 

in this thesis comprise a framework with tangible examples of how engineering judgment may be 

developed and assessed through a worksheet and rubric of competencies. With relevant 

information about how to use and, if appropriate, improve this framework, these tools may assist 

instructors in the process of intentional development and assessment of engineering judgement.  

In developing this rubric, the perspective of the desired outcomes in industry were 

leveraged to understand what aspects of engineering judgment are desired by practicing engineers, 

then to qualify and quantify various aspects of engineering judgement through the lens of the 

literature data sources reviewed. DiBiagio and Flaate (2000) provide Peck’s key perspectives on 

engineering judgment which are referenced directly in the rubric. Romkey and Cheng (2009) 

define competencies involved in engineering education through the lens of critical thinking and 

Lanziner and Strong (2016) delve into the breakdown of measuring achievement with the “ICE” 

perspective. The Foundation for Critical Thinking (2019) has many resources for teaching critical 

thinking with a breakdown of measuring achievement of critical thinking competencies. The 

qualitative data analysis presented employs primary coding of the literature as the main data set 

with a constant comparative approach to coding literature and applying the emergent theoretical 

framework (worksheet and rubric) for assessment of sample lab reports, which allows for further 

clarification of the emerging framework. 

3.2.1 Methodology for Tool Development 

The tools were developed using the following process. First, the problem space was 

identified to understand how engineering judgment and relevant competencies are defined in 
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literature, integrate various aspects of engineering judgement and relevant constructs into a more 

holistic definition, and define tools to develop and assess engineering judgment in various learning 

environments. Through analysis of the current engineering education landscape, it became evident 

that critical thinking was the space in which the most concrete work had been done for curricular 

tools. The end goal was identified to be curricular support, which was further refined into the 

objective of creating a framework of tools that can develop and assess engineering judgment within 

a project, course, or curriculum. These tools are tabulated in the Appendix. 

A review of literature from a variety of sources was conducted to evaluate how engineering 

judgment and relative competencies are defined in literature. This review primarily focused within 

engineering education and critical thinking and how they relate to the goals of practicing 

geotechnical engineers. To collate these sources, incidents of recurring ideas were coded. Thus, 

the constant comparative method could begin identifying patterns between these codes and 

appropriately grouping them into categories, following the practices suggested in Johnny 

Saldaña’s “The Coding Manual for Qualitative Researchers” and Joseph Maxwell’s “Qualitative 

Research Design: An Interactive Approach” (Saldaña, 2016; Maxwell, 2012). As the literature 

review progressed, more patterns were identified and the grouping of codes into categories was 

performed. The core skills of critical thinking were juxtaposed against the skills identified as 

necessary for developing and employing engineering judgment. This allowed preliminary 

definitions of engineering judgment competencies to arise. The grouping of codes into theory is 

depicted in Figure 3.1.  
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Figure 3.1: Integration of themes. This figure depicts the hierarchy of categorizing codes, integrating 

categories into themes, and delimiting theory from these themes. 

 

The process for categorization continually updated through literature review and ultimately 

the codes identified were grouped into twelve categories, that were then grouped into eight 

emerging themes. The recurring ideas in the data sources directly impacted the emerging 

definitions of themes. Together, these themes were integrated into an engineering judgment 

theoretical framework (worksheet and rubric). 

Tables and rubrics were modified from Romkey and Cheng (2009), Lanziner and Strong 

(2016), and the Foundation for Critical Thinking (2019).  The themes and categories were 

combined into a preliminary rubric by illustrating how students might exhibit achievement of a 

category and therefore success within a theme of engineering judgment. Understanding the themes 

and the relationship between them serves as the foundation for the theoretical framework, which 

is the emergent engineering judgment tool. From this process, the eight themes of Intellectual 

Curiosity, Selection of the Right Problem, Establishment of Criteria, Pursuit of Lifelong Learning, 

Understanding of Fundamental Concepts, Attempt at Global Engineering, Application of 

Judgment, and Effective Communication emerged. 
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3.2.2 Methodology for Tool Refinement 

The emerging tool may be applied to assess students’ work and therefore must be robust 

enough for consistent assessment of students. To this end, the data sources were expanded to 

include students’ lab reports from the RPI Spring 2021 implementation of the CPT Operator 

module of GeoExplorer. The refinement process differed from the methodology for tool 

development; as depicted in Figure 3.2, these reports were coded for incidents of each category 

identified in the development stage. Through the refinement process, the categories and themes 

were regrouped as necessary. The process outlined below is described as both the methodology 

used to develop and refine the tool as well as the suggestion for instructors in using it moving 

forward. Specifically, for this tool to be effectively adopted into a course structure, the instructors 

of the course must understand the categories and themes in the tool and code for them to determine 

how each category and theme apply to their context. 

The author of this thesis and the chair of the thesis committee commenced refining the tool 

as “graders” through the following process. First, a “model” report was fabricated based on the 

original rubric. This model report was reviewed by the chair to determine if all aspects of the rubric 

were incorporated to some degree to confirm that the emerging themes had basis in real 

applications. A sample report from a student under the GeoExplorer project was then graded to get 

a baseline for positionality of graders during the assessment process. This served to clear up 

disagreements in teaching and learning philosophies held by the graders and to identify 

discrepancies in how the tool may be applied. It became apparent that graders needed to agree on 

a grading philosophy between themselves in order for the tool to be used consistently. Articulating 

a grading philosophy improved the consistency between both graders reviewing the same report, 

and also improved the consistency of one grader’s interpretation of students’ performance between 

multiple reports. It is recommended that any use of this tool is accompanied by a clear 
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understanding of one’s teaching and learning philosophy. To code for Understanding of 

Fundamental Concepts, five key concepts were defined for the GeoExplorer CPT Operator module 

(see Appendix). 

 

Figure 3.2: Example of coding reports. Reports about the GeoExplorer CPT Operator were coded for 

categories to refine the emerging tools. 

 

After identifying a positionality with which to grade, the model report was re-graded. Each 

incident of a category was identified and coded. An example of this process is included in Figure 

3.2. Having already discussed the previous report, the codes were compared to previous incidents 
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of each category that had been identified. During this pass, sentences were only single coded to 

identify key differences in interpretation of the rubric. This process identified significant overlaps 

as well as discrepancies in the graders’ interpretations of how each category manifested based on 

the language in the tool. From this, some rearranging of the categories was required. The initial 

theme of Intellectual Curiosity was determined to consist of codes (“understanding assignment’s 

purpose” and “search for external sources”) that overlapped with those comprising the themes of 

Selection of the Right Problem and Pursuit of Lifelong Learning, meaning that it was inconsistently 

identified between the graders. Thus, the twelve categories were regrouped into eleven and the 

eight themes were condensed into seven.  

From discussion of the inconsistencies in coding, it was determined that double and triple 

coding the sentences would address the largest discrepancies. Many sentences were coded for 

different main categories by the graders, but upon discussion, the graders most often agreed that 

both perspectives were appropriate interpretations of the sentences and theory. These 

disagreements indicate that saturation of the codebook was not achieved during the timeframe of 

this process. At this stage, the seven emerging themes of engineering judgment are as follows: 

Selection of the Right Problem, Establishment of Criteria, Pursuit of Lifelong Learning, 

Understanding of Fundamental Concepts, Attempt at Global Engineering, Application of 

Judgment, and Effective Communication. These themes may evolve in future iterations but, 

because the process presented in this thesis trended toward convergence, it is believed that they 

are an appropriate start to the conversation. 
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4. EMERGING DEFINITIONS AND TOOLS 

The application of the constant comparative method served to identify critical thinking 

competencies that may comprise engineering judgment. Both modes of thinking depend on 

constantly updating and recalibrating one’s internal database to better understand the root of an 

issue. The difference is that exercising engineering judgment must include applying any newfound 

understanding to ultimately making a judgment (Davis, 2012). Critical thinking and engineering 

judgment are reflexive processes but exercising engineering judgment necessarily yields a 

decision. However, the process to reaching this decision is informed by how one transforms 

information, and the critical thinking field provides a large amount of literature to support 

preliminary approaches to teaching students to transform information. Critical thinking is taught 

to students through developing key skills and emphasizing the importance of a positive disposition 

toward reflexive thinking, which is similar to the proposed frameworks in engineering education. 

From evaluating the literature defining cognitive skills and subskills in the critical thinking space, 

the competencies for engineering judgment were inferred. The emerging engineering judgment 

competencies were compiled into the theoretical framework of a worksheet and rubric (see 

Appendix) that was showcased as part of a faculty professional development workshop series on 

engineering judgment within the purview of the GeoExplorer project in the summer of 2021. The 

positive feedback on the rubric encouraged further development of this tool.  

4.1 Evaluation and Inference 

Seven main themes were distilled from the recurring ideas in this literature review. 

Originally, the objective may have been to create a definition of engineering judgment but, through 

evaluating the state of the field and the parallel objective of improving engineering education and 

the levee inspection module, it became evident that explicating the engineering judgment 
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competencies better served the end goal of this work. There is a reason that Peck did not resolve a 

formal definition of engineering judgment, and a similar reason why Marr and Vick rely on critical 

thinking and induction to do the work for information transformation: to improve engineering 

judgment, one must be mindful of the actual mechanism of thought. Thus, the situations 

themselves that require engineering judgment (e.g., uncertainty, limited information, complex 

problems) were not included in the emerging themes. The following definitions of these emerging 

themes represent tangible aspects of thought that one can improve to improve their engineering 

judgment as they address complex problems. An instructor will be able to evaluate if a learner 

achieves competency in a theme by assessing quantifiable instances for each category within the 

theme. A four point breakdown to guide this evaluation appears within the Engineering Judgment 

Rubric in the Appendix. The use of the adjective ‘emerging’ in this section title is deliberate; the 

developed rubric and accompanying tools are works-in-progress. The highest achievement in any 

category is assigned four points and the thinking is deemed to be at the “Extension” level (Lanziner 

& Strong, 2019). The definition of highest achievement in each category is the closest to being 

finalized and is thus the only achievement level explicitly listed within the text of this thesis. The 

rubric consists of the following themes and their categories. 

4.1.1 Selection of the Right Problem 

The motivation for Selection of the Right Problem first emerged from Ralph Peck, but 

many other data sources highlighted similar ideas (DiBiagio & Flaate, 2000). Vick’s thoughts 

surrounding diagnosis, especially hypothesis formulation and visualization describe how one 

might identify the problem space before they diagnose the right problem (Vick, 2002). The 

definition was constructed from Romkey and Cheng’s (2009) identified Intellectual Deliberations 

of “gather, interpret, and understand background information and other evidence,” and “identify 
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the challenge, situation, or task,” the latter of which correlated with the “Purpose” and “Key 

Question, Problem, or Issue” from the Foundation for Critical Thinking (2019). These recurring 

ideas coalesced to two categories: identification of problem space and identification of the key 

question, which were integrated into the theme of Selection of the Right Problem. To employ this 

theme while exercising engineering judgment:  

The learner engages in identification of the problem space before brainstorming a possible 

space of solutions.  The learner collects a comprehensive data set and relevant resources to 

identify and characterize the fundamental processes underlying the engineering challenge. 

They demonstrate understanding of the purpose of the assignment and its engineering 

significance. 

Achievement of the categories can indicate achievement of the theme. To demonstrate successful 

identification of the problem space, the learner introduces the depth and breadth of the problem 

space before attempting a solution, identifies a relevant comprehensive data set: knowns, 

constraints, and unknowns of problem, as well as the methods with which they can solve for these 

unknowns (Romkey & Cheng, 2009; Foundation for Critical Thinking, 2019). For successful 

identification of the key question, the learner accurately identifies the fundamental processes 

underlying the engineering challenge, demonstrates a clear understanding of the assignment’s 

purpose by conveying how and why they will gather and apply information with acute 

understanding of engineering significance, and identifies the end goal of the task at hand (Romkey 

& Cheng, 2009; Foundation for Critical Thinking, 2019). 

4.1.2 Establishment of Criteria 

The theme of Establishment of Criteria was similarly motivated by Ralph Peck. His basis 

for establishing reasonable criteria was that an engineer be able to understand why certain 
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constraints may or may not be applicable to a system, e.g., can a cell tower have more differential 

displacement than a water tower? (DiBiagio & Flaate, 2000).  Romkey and Cheng (2009) identify 

that it is a good Intellectual Habit to “seek evidence to frame and address the challenge relevant to 

the particular context,” which parallels nicely with the Foundation for Critical Thinking’s (2019) 

identification of “Information” and “Assumptions” in the context of Peck’s ideas.  This theme is 

used when:  

The learner understands how to discern the relevant information from the evidence they 

collect and attends to its applications and limitations. The learner considers the system and 

makes appropriate assumptions when establishing the criteria (e.g., parameter definitions, 

appropriate tolerances, system interactions) to constrain the design. 

This is signified by the category of attention to information and assumptions which is achieved 

when the learner clearly delineates the applications and limitations of any relevant data, 

thoughtfully extends the data set to the system in order to establish criteria, and clearly identifies 

assumptions that are consistent, reasonable, valid and explains their relevance and use (Foundation 

for Critical Thinking, 2019).  

4.1.3 Pursuit of Lifelong Learning 

Reference to the categories comprising the Pursuit of Lifelong Learning was almost 

ubiquitous in the data sources. Both critical thinking and engineering judgment were identified as 

reflexive properties. This manifests in the self-regulating nature of critical thinking, that one must 

continually assess one’s own thinking abilities. This idea is addressed in the greatest detail by 

Facione (1990), Mina (2003), Claris (2013), and extended to the emphasis on professional 

development by Phillips and Green (2011). Romkey and Cheng (2009) encourage a global 

engineer to seek additional information and identify expanding knowledge and encouraging 
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reflection as potential teaching strategies to promote critical thinking skills. Marr (2020) 

encourages engineers to understand their own biases and deliberate options recursively. Marr also 

quotes Ralph Peck that a sense of proportionality may only be developed by making a 

“conscientious effort to determine the size of things” and attending to current publications, case 

studies, and design standards (Marr, 2020). The categories of reflection of positionality and 

intellectual growth and curiosity yielded the theme of Pursuit of Lifelong Learning, which is 

demonstrated when:  

The learner critically reflects on their own positionality as they consider new ideas,  

opinions, frameworks, and contexts presented by others. The learner demonstrates 

tolerance for ambiguity and complexity, understands the limits of one’s knowledge, 

actively seeks intellectual growth, and engages with new methods of thinking (e.g., system 

thinking) through their work. The learner demonstrates curiosity by actively seeking 

knowledge from additional resources (e.g., lab manuals, textbooks, publications, etc.) to 

more broadly understand the purpose of their assignments and the proportion of their 

expected results (relevant to the particular context of the course, industry method, and/or 

global context). 

The category of reflection on positionality is identified when the learner has reflexive and iterative 

approach to their perspective on information during the problem solving process and a sense of 

fitness of results by comparing to expected values or behaviors i.e., the learner shows reflection in 

action (Schon, 1991). The category of intellectual growth and curiosity is achieved when the 

learner demonstrates the search for knowledge by referencing sources in addition to in-class lecture 

material, tolerance for ambiguity and complexity of new ways of thinking (Romkey & Cheng, 

2009; Foundation for Critical Thinking, 2019). Mina (2003) succinctly reiterates the consensus 
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that “graduates who have successfully learned their knowledge base but were not equipped with 

the necessary skill to be life-long learners will be at a great disadvantage,” though this does not 

mean that the knowledge base is not important, just that it is merely the foundation for a well-

structured continuing education.  

4.1.4 Understanding of Fundamental Concepts 

Successful use of judgment depends on the appropriate knowledge; critical thinking experts 

concede that domain-specific knowledge is important for applications of critical thinking (Facione, 

1990). Theories and concepts form the basis for analyzing and transforming ideas. Therefore, “for 

an opinion to qualify as engineering judgment it has to have a basis in ‘knowledge’ and 

‘evidence,’” (Hauer, 2019). Paul and Elder (2008) identify concepts as an element of reasoning. 

These recurring ideas were combined directly into the theme Understanding of Fundamental 

Concepts which can be primarily indicated by identifying and accurately explaining or using all 

relevant key concepts (Foundation for Critical Thinking, 2019). 

4.1.5 Attempt at Global Engineering 

The theme of Attempt at Global Engineering was primarily informed by Romkey and 

Cheng’s 2009 article entitled “The Development and Assessment of Critical Thinking for the 

Global Engineer” (2009) and was informed by Marr’s paper entitled “Geotechnical Engineering 

and Judgment in the Information Age” (2006) and The Economist’s anonymous piece entitled 

“Leaders: Welcome to the Anthropocene” (2011). These pieces appropriately emphasize the need 

for empathy in engineering and are complemented by the emphasis on multiple points of view in 

critical thinking. Claris’s “Situation Critical” (2013) underscores this idea, “Critical thinking also 

should entail thinking critically about engineering, asking questions about the production of 

technology and our relationship to it: Who does engineering, and for whom?” and this questioning 
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is of increasing importance as engineering progresses and power structures become more heavily 

emphasized. These recurring ideas were grouped into the category of point of view which became 

a the theme of considering multiple solutions with empathy for others. This theme is apparent 

when: 

The learner understands that engineering challenges may have multiple effective solutions 

and can look at the challenge from many points of view in order to assess the benefits for 

ALL stakeholders. The learner approaches the engineering challenge in the context of 

optimizing societal wellbeing from all perspectives (ethics, economic feasibility, 

environmental sustainability, community, region and culture. 

The question of for whom engineering is done that was posed by Claris (2013) encapsulates the 

spirit of this theme. One must not forget that the goal of engineering is to move from a problem to 

a solution and, especially in the Anthropocene, this solution must work for all stakeholders. The 

category of point of view is indicated when the learner identifies multiple possible solutions, 

identifies and evaluates relevant significant points of view and assesses these with the appropriate 

weight, is empathetic and fair in examining all relevant points of view when evaluating the benefits 

for all stakeholders (Romkey & Cheng, 2009; Foundation for Critical Thinking, 2019). 

4.1.6 Application of Judgment 

Exercising engineering judgment differs from critical thinking because it is a method of 

thinking used to come to a decision. The theme of Application of Judgment arose from the 

recurring idea that information must be transformed into a solution. The critical thinking experts 

warn that “Not every useful cognitive process should be thought of as [critical thinking],” and it is 

important to distinguish the process of engineering judgment from that of critical thinking 

(Facione, 1990). The goal of engineering is to “apply judgment to fit the results of the analysis to 
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the unique circumstances of the project and develop a workable design,” which differs from that 

of critical thinking (Marr, 2006). Jonathan Weedon emphasizes that “decisions are arrived at 

through judgment; it is judgment that recognizes when a decision is to be made and the reason for 

making each decision,” (Weedon, 2016). The word judgment is often used in describing critical 

thinking; for example, “to the experts, a good critical thinker, the paradigm case, is habitually 

disposed to engage in, and to encourage others to engage in, critical judgment,” but, this judgment 

is the act of evaluating information which is described by the critical thinking cognitive skill of 

inference, not to the end of informing a design (Facione, 1990). Critical thinking is a reflexive way 

of thinking to better understand the nature of an issue, which enables a thinker to proceed into the 

contiguous application of this thinking. The importance of critical judgment to inform evaluations 

and inferences is emphasized by Paul and Elder (2008) in “The Thinker’s Guide to Engineering 

Reasoning” and codes from their elements of thought served the development of this theme. The 

emerging categories of evaluation and inference, consideration of implications and consequences, 

and a definitive conclusion combine into the theme of Application of Judgment, evidenced when:  

The learner understands how to apply inferences from these results toward a solution to  

the task at hand. The learner evaluates the most significant and probable implications and 

thoroughly considers the potential consequences of the proposed solution from all 

stakeholders’ points of view. The learner clearly forms a logical and empathetic conclusion 

and provides justification for the conclusion. 

Achievement of the category of evaluation and inference is indicated when a learner follows where 

evidence and reason lead in order to obtain defensible, thoughtful, logical inferences, makes deep 

rather than superficial inferences, makes inferences that are consistent with one another and 

distinguishes between information (data) and inferences drawn from that information (results) 
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(Foundation for Critical Thinking, 2019).  A learner thoroughly considers implications and 

consequences when the learner identifies the most significant implications and consequences of 

the reasoning (indicating whether positive and/or negative) and distinguishes probable from 

improbable implications (Romkey & Cheng, 2009; Foundation for Critical Thinking, 2019). A 

definitive conclusion is demonstrated when a learner obtains a logical and empathetic conclusion 

or solution through application of inferences, the conclusion is clearly stated and clearly considers 

implications and consequences towards the engineering significance, and the learner provides 

thorough justification for their conclusion (Foundation for Critical Thinking, 2019). Engineering 

judgment is closely related to decision making, but decisiveness without knowledge does not 

constitute judgment, and therefore, application of judgment cannot stand on its own as a definition 

of engineering judgment and must be considered with all other themes identified in this process 

(Davis, 2012). 

4.1.7 Effective Communication 

The theme of Effective Communication is integral to the process of engineering judgment 

Most problems in assessing engineering judgment arise because those who claim to employ it often 

are unable to explain their reasoning for making decisions, thus, in order to effectively use 

engineering judgment, the reasoning must be clearly explicated such that a conclusion has grounds 

to be accepted (Vick, 2002). If one cannot explain their reasoning, they cannot evaluate its validity 

and iterate on the design process (Francis et al., 2020). Lanziner and Strong’s “Designing Rubrics 

to Assess Engineering Design, Professional Practice, and Communication Over Three Years of 

Study” (2016) clearly emphasizes the importance of communication in conveying reasoning for 

designs and decisions. Explanation is one of the six core cognitive skills of critical thinking, and 

the sub-skills associated with it served to expand this theme (Facione, 1990). The category of 
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format and presentation of ideas became the theme of Effective Communication. This theme is 

demonstrated when: 

The learner presents their ideas with consideration for the following aspects: intended 

audience, clarity of ideas, precision of language, quantitative analysis, and professionalism. 

Learners must support their conclusions with data analysis and well-informed quantitative 

reasoning. 

This theme is indicated by comprehensive, detailed, and precise presentation of ideas with clear 

descriptions, relevance, and discussion of implications, and conclusions backed by quantitative 

analysis (Lanziner & Strong, 2016; Foundation for Critical Thinking, 2019). This theme is the 

cornerstone to being able to reflect on an engineering judgment, which is integral in the process of 

forming a solution to a problem.  
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5. DISCUSSION OF RESULTS 

From reviewing the thoughts of practicing geotechnical engineers, it is clear that 

engineering judgment is the intermediary between a problem and its solution. In order to determine 

how to improve engineering judgment, the competencies involved in successfully navigating this 

intermediate phase were identified through coding data sources. Through this iterative process, the 

emerging themes of engineering judgment can be used to define the foundation for engineering 

judgment as well as the process of how engineers and therefore students may develop it. 

Identifying the competencies involved in developing and employing engineering judgment is the 

link between what engineering judgment is and how to develop it. The emerging tools can be used 

by teachers and students alike to identify the desired structure of engineering judgment to which 

they can strive. The emerging definitions of these themes can identify the competencies that 

learners can improve in order to improve their use of engineering judgment. The ways in which 

related competencies in critical thinking are developed can be applied to the GeoExplorer project 

to create a virtual environment in which students can develop the identified engineering judgment 

competencies.  

The ways in which students develop these competencies, and therefore engineering 

judgment itself, can be determined. Critical thinking literature elucidates the competencies 

involved in reflexive thinking and these related competencies can be mapped to engineering 

judgment. Critical thinking and engineering education explore how to develop these competencies, 

and this can be applied to the tools created. The emerging themes and categories from the 

qualitative analysis conducted in this paper are competencies that engineers must consider when 

confronted with a problem on their search for a solution. By breaking engineering judgment into 

concrete competencies, the path to developing engineering judgment can be extrapolated from the 
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path to developing these competencies, especially because these competencies are founded on the 

well-defined critical thinking space. The worksheet and rubric developed comprise the theoretical 

framework tying these competencies together for engineering judgment assessment.  

The emerging theory represented within the emerging rubric can serve engineering 

education in teaching and learning engineering judgment by showing what can be developed and 

how that development can be assessed. However, this theory cannot stand by itself. The emerging 

themes may indicate the competencies involved in engineering judgment, “but to learn the 

discipline, we must solve problems, participate in discussions, work in labs, write reports, and 

otherwise practice the discipline, under the supervision of those who are adept at it,” and these 

competencies must be developed in the context of an engineering curriculum (Davis, 2012). The 

GeoExplorer project is well suited to provide a way in which to practice the discipline within the 

constraints of educational structures.  

5.1 Implications and Consequences 

The levee inspection module within GeoExplorer is an open-ended world in which students 

will have limited instruction. This work is predicated on Harteveld’s work in game design and 

sense-making; the assumption is that the learning gains from virtual experiences are comparable 

to in-person experiences (Harteveld, 2012). Therefore, the levee inspection module must be 

developed such that it can improve the kinds of competencies that build real-world engineering 

judgment. Jonathan Weedon’s “Judging for Themselves: How Students Practice Engineering 

Judgment” (2016) describes how students may practice the discipline within the context of 

engineering education; he writes “engineering judgment cannot be taught directly, since its 

application requires the context of the unforeseen, the in-process, contingent, and indeterminate. 

What educators do is put students in situations that call for the practice of engineering judgment,” 
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setting the stage for the implementation of virtual environments in which students encounter these 

situations (Weedon, 2016). The GeoExplorer virtual environments can provide a safe place for 

students to take actions that will help develop engineering judgment (Mina, 2003). Thus, the 

GeoExplorer modules will need to be developed in a way that encourages students to actively 

practice the emerging competencies of engineering judgment presented in this thesis.   

The developed theoretical framework identifies the group of competencies involved in 

engineering judgment. These themes and their categories can be directly leveraged in developing 

engineering judgment in the levee inspection module and the path toward developing them will be 

based on the recommendations from critical thinking literature. If developing the competencies of 

the emerging themes from this research can improve engineering judgment, then these themes can 

improve the levee inspection module. In their work, Lanziner and Strong (2016) comment that “an 

additional purpose of the rubric sequence is to provide feedback to students on their learning while 

providing students with guidance so they can learn to monitor their own learning,” which has 

implications on the way the emerging theoretical framework in this thesis may be applied. The 

pursuit of lifelong learning encourages these tools to be applied for teaching and learning. It should 

be clear to students what they need to improve, and the students should be encouraged to 

understand the competencies that they should strive to improve.  

The GeoExplorer project should attend to this teaching and learning idea and give clear 

feedback to students such that they can improve. The virtual environment offers an opportunity 

for students to fail safely and learn from their mistakes (Bennett et al., 2020). Thus, in developing 

the levee inspection module, the tasks and feedback the student receives ought to be designed 

around these competencies. Table 5.1 describes the kinds of questions that may be asked around 

each category related to engineering judgment in order to improve the game design. 
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Table 5.1: Prompts for development of virtual environment. The emerging categories can inform gameplay 

decisions in the levee inspection virtual environment. 

Engineering Judgment Competencies Virtual Environment Development Prompts 

Concepts What are the kinds of slope failures? 

Identification of Problem Space What should a player be looking for? What could be going 

wrong with a levee? How can the player explore the 

environment? 

Identification of Key Question Is there something going wrong with a levee? If so, what is 

actually going wrong? 

Attention to Information and 

Assumptions 
What does a player observe? What might a player expect to 

observe? 

Reflection on Positionality What is a player expected to know? Can the player ask the 

virtual project manager for clarification? 

Intellectual Growth and Curiosity How does what the player observes relate to what the player 

might expect to observe? Can the player check additional 

sources to improve my expectations? Is there a virtual 

handbook?  

Evaluation and Inference How can the player tell what kind of failure is happening? 

Consideration of Implications and 

Consequences 
What happens if a levee fails? Is it particularly dangerous 

for this levee to fail? Are there downstream concerns? 

Definitive Conclusions How does a player report that a failure is imminent? 

Format and Presentation of Ideas How does a player convey why failure is imminent? Can the 

player take pictures of observations 

Consideration of Many Points of View How will a levee failure affect stakeholders? How can the 

player protect downstream residents from a flood? Will the 

player need to choose between fortifying two levees? How 

would they choose? 

 

These questions can inform the tasks that a student is encouraged to do within a game as well as 

the feedback that that student may receive based on their performance within the gameplay. An 

example of how these categories and the questions associated with them may yield tasks for a 

player is included in Table 5.2 for the three categories comprising Application of Judgment. 



 

44 

 

Table 5.2: Samples of virtual environment tasks. Specific actions in the virtual environment may help develop 

engineering judgment competencies. 

Engineering Judgment Competencies Sample Virtual Environment Tasks 

Evaluation and Inference Evaluate observed changes to levee and infer what kind of 

failure is occurring. 

Attention to Implications and 

Consequences 
Determine what will happen (and to whom) if a levee 

reaches a critical state. 

Definitive Conclusions Decide if a particular levee is reaching a critical state, justify 

against observations, and inform the project manager. 

 

Through the competencies identified within engineering judgment, a virtual environment that 

allows students to safely practice engineering judgment  

5.2 Point of View (Weaknesses) 

The research presented in this thesis offers a process to develop the scaffolding for 

educators with respect to engineering judgment. However, the codebook did not reach saturation 

and therefore the emerging tools may be improved by more iterations of categorizing and 

integrating themes. Without these further iterations, the tool may guide an instructor in creating 

activities that promote the development of engineering judgment, but it has not reached a level of 

robustness such that these emerging themes may be considered finalized. Coding further may 

prove more recategorization to be necessary, such as the recategorization of the original eight 

themes into the seven presented in this thesis. This weakness may be addressed by looking at 

measurements of intercoder reliability so that the robustness of the emerging themes can be 

quantified and improved. The coding was initially done only on engineering judgment, engineering 

education, and critical thinking literature through the lens of geotechnical engineering. In the 

refinement process, only GeoExplorer lab reports were coded for categories. The analysis being 

through the lens of geotechnical engineering affects the scope of the data sources and identification 
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of categories. By applying the methodologies presented for tool development and refinement to 

data sources from other disciplines, the themes of this tool may be expanded. The finite nature of 

the data sources referenced in this process is a weakness that may be mitigated through further 

iterations, but cannot be completely avoided. Through further iteration, the effects of this weakness 

may be reduced, though due to the differences in teaching and learning philosophies of instructors, 

there are other areas that increase potential variability in future use of the tools.  

The emerging themes of engineering judgment create an emerging theoretical framework 

of tools for faculty to consider when developing their courses or their curricula, but this scaffolding 

cannot be implemented without sufficient professional development. It would be unwise to assume 

that all faculty have an explicit definition of engineering judgment that they reference when 

forming their lesson plans (Romkey & Cheng, 2009). Thus, faculty must engage in active 

understanding of the emerging themes in order to consistently use this emerging framework. As 

identified in the process of tool refinement, the rubric framework is most consistent when one 

queries one’s own positionality and makes an attempt to understand one’s own teaching and 

learning philosophies. The understanding of these categories can best be improved through faculty 

coding multiple reports and themselves identifying instances for every category. To support this 

approach to using this framework, faculty must be trained in their ways of thinking. Otherwise, 

the weaknesses of the unsaturated codebook will be amplified and the difficulties faculty have with 

teaching and learning critical thinking will similarly affect engineering judgment.   

Ultimately, this emerging framework must be developed in order to serve faculty in 

assessing their students development of engineering judgment. These weaknesses do not inhibit 

the emerging categories and themes from informing the GeoExplorer project modules, but must 

be taken into account when applying these ideas outside the scope of the key question. 
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6. CONCLUDING REMARKS AND FUTURE WORK 

The research presented in this thesis successfully implemented a deliberate process to 

compile a set of emerging definitions and populate an emergent tool to develop and assess 

engineering judgment. Through a literature review of engineering judgment within geotechnical 

engineering practice, engineering education, and critical thinking, emerging themes of engineering 

judgment were identified. In coding student lab reports for the categories comprising these themes, 

the potential of these tools for assessment of engineering judgment was established. Weedon 

succinctly notes that “in delineating the importance and implementation of judgment, there is left 

unanswered the question of just what engineering judgment is,” and because the codebook did not 

reach saturation and the data sources were finite, this emergent theory remains at the beginning of 

linking engineering judgment to concrete competencies (Weedon, 2016). Ultimately, in the context 

of engineering education, the competencies involved in developing engineering judgment are more 

important for the assessment of engineering judgment than a catch-all definition of the construct.  

This thesis attempts to augment the engineering judgment discussion by exploring 

complementary disciplines. The critical thinking landscape is vast and well populated by literature. 

Investigating critical thinking has served the development of an emerging theoretical framework 

of tools to address the question of how engineering judgment is developed and there are likely 

many other spaces to consider in improving this framework. This discussion of engineering 

judgment is based on improving the GeoExplorer project, as such, the key question is not just how 

engineering judgment is developed, but how this process may be mapped to a virtual environment. 

These competencies can be applied to the GeoExplorer modules in the landscapes of geotechnical 

engineering, engineering education, and game design. The GeoExplorer project is a vehicle well 

suited to developing engineering judgment by exposing students to engineering problems that they 
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must solve themselves. The open-ended design allows students to safely engage and develop the 

same ways of thinking that they will use in engineering practice. Development of these 

competencies within a virtual environment should translate to real-life applications for students. 

In order to fully answer the key question of understanding how engineers develop 

engineering judgment and how it may be applied to development of a virtual environment, there 

is more work to be done. But, these emerging themes serve the GeoExplorer project well and can 

concurrently be developed with the GeoExplorer modules. It is worthwhile to further develop these 

tools due to the increased demand on engineering educators to prepare their students for 

engineering during the Anthropocene, and the process in this thesis may be continued to further 

refine the emerging theoretical framework of tools for engineering judgment development and 

assessment. 

6.1 Definitive Conclusion 

Engineering judgment is the intermediary between a problem and its solution. Coding 

engineering judgment, engineering education, and critical thinking literature produced emerging 

themes within engineering judgment. This judgment can be developed by improving several 

competencies: Selection of the Right Problem, Establishment of Criteria, Pursuit of Lifelong 

Learning, Understanding of Fundamental Concepts, Attempt at Global Engineering, Application 

of Judgment, and Effective Communication. These competencies together form the pathway 

between a problem and its solution, and the development of these competencies builds the bridges 

between novice and expert engineering judgment. Though there is more work to be done, 

instructors can begin to think about these competencies when both teaching engineering judgment 

and learning it themselves. Exposure to these competencies may give learners, including students, 

the autonomy to reflexively approach their own development of engineering judgment.  
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6.2 Intellectual Growth and Curiosity (Looking Forward) 

The GeoExplorer project is well acquainted with the iterative process of development. As 

the GeoExplorer modules are continuously being improved, the project already been implemented 

in undergraduate classrooms across the country. The faculty involved in implementing this project 

have used the CPT Operator to provide virtual hands-on learning opportunities for students who 

would not otherwise have these experiences. The design of the tasks in the levee inspection module 

will be informed by the work presented in this thesis to ensure that the virtual environment 

deliberately encourages the development of engineering judgment, and this multidisciplinary 

project is also engaged in exploring other avenues for improving the game within the purview of 

engineering education and game design.  

Looking forward, the proposed relationship between confidence and learning within a 

virtual environment learning may prove to play a role in the development of engineering judgment 

competencies. Continued research on ways of thinking by students and sense-making within these 

spaces may also improve teaching and learning in geotechnical engineering. GeoExplorer is a 

vehicle well suited to developing the competencies presented in this thesis and further development 

of the CPT Operator and levee inspection modules will improve opportunities for students to 

develop engineering judgment.  
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APPENDIX 

Table A.1: Key concepts from GeoExplorer CPT Operator. These concepts were used to code for the concepts 

theme within the GeoExplorer lab reports for the tool refinement process. 

Concept Definition 

Why CPT Students should understand why they are doing a CPT: it is a quick, in situ, 

continuous, consistent, preliminary analysis to get a subsurface profile for site 

characterization. Site characterization is critical for proper design with and on soils. 

CPT is often the preliminary investigation and used to inform more expensive drilling 

and sampling 

How CPT Proper consideration of testing methods is necessary to collect good, valid data. 

Students should understand that how deep to run the CPT is contingent on many 

factors (budget, zone of interest, “cone ability”, etc) 

CPT 

Variables 

(data) 

Students should see which variables are output by a CPT AND what they mean AND 

how to manipulate/normalize them (or at least recognize that you need to normalize 

for things like depth) and how to interpret them (including qc, fs, Rf, Pw, ISBT) 

CPT 

Variables 

(results) 

ISBT is not soil classification (Robertson, 2010); SBT is empirically derived from 

values obtained from an instrumented cone - students should know that a high tip 

resistance, low friction ratio soil is very different from a low tip resistance, high 

friction ratio soil. Students should know what values of tip resistance and friction 

ratio indicate which kinds of soil (big picture) and how to calculate and interpret a 

specific ISBT value. 

CPT Data 

Applications 

CPT data can be correlated to many geotechnical parameters with varying 

applicability. Students should know the limitations (and assumptions) of a CPT and 

when they need to use other data and experiments too vs. instead. 
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Table A.2: Engineering judgment worksheet (Modified from Romkey and Cheng, 2009; Foundation for 

Critical Thinking, 2019; Lanziner & Strong, 2016; Schon, 1991; DiBiagio & Flaate, 2000). This worksheet can 

be used to assess engineering judgment themes. 

Engineering Judgment Themes (+ Categories)  Comments 

Selection of the Right Problem (Identification of Problem 

Space + Identification of Key Question): The learner engages 

in identification of the problem space before brainstorming a 

possible space of solutions.  The learner collects a 

comprehensive dataset and relevant resources to identify and 

characterize the fundamental processes underlying the 

engineering challenge. They demonstrate understanding of 

the purpose of the assignment and its engineering 

significance.  

 

Establishment of Criteria (Information and Assumptions): 

The learner understands how to discern the relevant 

information from the evidence they collect and attends to its 

applications and limitations. The learner considers the 

system and makes appropriate assumptions when 

establishing the criteria (e.g., parameter definitions, 

appropriate tolerances, system interactions) to constrain the 

design.  

 

Pursuit of Lifelong Learning (Reflection on Positionality + 

Intellectual Growth and Curiosity): The learner critically 

reflects on their positionality as they consider new ideas, 

opinions, frameworks, and contexts presented by others. The 

learner demonstrates tolerance for ambiguity and 

complexity, understands the limits of one’s knowledge, 

actively seeks intellectual growth, and engages with new 

methods of thinking (e.g., system thinking) through their 

work. The learner actively seeks knowledge from additional 

resources (e.g. lab manuals, textbooks, publications) to more 

broadly understand the purpose of their assignments (relevant 

to the particular context of the course, industry method, and/or 

global context).  

 

Understanding of Fundamental Concepts: The learner 

identifies, accurately explains, and appropriately applies the 

relevant key concepts to the engineering challenge to 

calculate/synthesize appropriate results.  
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Application of Judgment (Evaluation and Inference + 

Implications and Consequences + Definitive Conclusion): The 

learner understands how to apply inferences from these 

results toward a solution to the task at hand. The learner 

identifies the most significant and probable implications and 

thoroughly considers the potential consequences of the 

proposed solution from all stakeholders’ points of view. The 

learner clearly forms a logical and empathetic conclusion and 

provides justification for the conclusion.   

 

Effective Communication (Format and Presentation of 

Ideas): The learner must be able to present their ideas with 

consideration for the following aspects: intended audience, 

clarity of ideas, precision of language, quantitative analysis, 

and professionalism. Learners must support their conclusions 

with data analysis and well-informed quantitative reasoning.  

 

Attempt at Global Engineering (Point of View): The learner 

understands that engineering challenges may have multiple 

effective solutions and can look at the challenge from many 

points of view in order to assess the benefits for ALL 

stakeholders. The learner approaches the engineering 

challenge in the context of optimizing societal wellbeing from 

all perspectives (ethics, economic feasibility, environmental 

sustainability, community, region and culture).  

  

 



 

56 

 



 

57 

 

 



 

58 

 

 



 

59 

 

 



 

60 

 

 


