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 Students’ Use of Engineering Judgment on Undergraduate Student 
 Project Teams 

 Introduction 

 The undergraduate engineering curriculum is made up of mostly engineering science classes, which are 
 classes heavy in mathematical content with little to no application. As a result, students rarely get to 
 improve their  engineering judgment  skills, which we define as the ability to develop and use 
 mathematical models for analysis and design. Our research team’s focus has been on implementing 
 open-ended modeling problems (OEMPs) into the engineering science curriculum in efforts to elicit 
 engineering judgment. OEMPs bring real-world engineering examples into courses and leverage the use 
 of active learning that has shown to be so beneficial to students in STEM [1]. McNeill et. al found that 
 undergraduate students themselves acknowledge that they needed more experience to develop engineering 
 intuition, which is related to engineering judgment at a high level [2], [3]. Students are simply not used to, 
 nor comfortable with, solving the ill-defined problems that professional engineers face, as they haven’t 
 been exposed to them in their typical classroom settings. In this paper we shift our research focus a step 
 further than classroom learning: to students working on engineering project teams. 

 We define student project teams as co-curricular, student-run activities that complete an engineering task, 
 whether for a national competition or for accomplishing their self-set goals. We view these project teams 
 as a midpoint between engineering undergraduates and practicing engineers. The projects that students 
 work on are inherently open-ended and ill-defined, with fewer guidelines than a course assignment but 
 more guidelines than a professional engineering project. Jonassen et. al emphasized that things like 
 working with others, dealing with environmental constraints, and managing projects all made problems 
 more ill-structured [4], and all of those aspects are abundantly present for project teams to deal with. A lot 
 of research effort has been put into understanding project based learning in the curriculum itself (similar 
 to our work with OEMPs) [5], [6], [7], and on individual student extracurricular learning (such as 
 internships and co-ops) [8], [9], [10], yet there hasn’t been much attention put into student project teams 
 specifically. For these reasons, we believe that project teams are an impactful setting in which to study 
 engineering judgment. 

 A big interest for our group is bridging the gap between professional engineers and the engineering 
 curriculum. It has been found that students and engineering professionals approach and solve 
 ill-structured problems differently [11]. Understanding how student project team members approach 
 ill-structured problems reveals the step between students solving OEMPs and professional engineers, 
 which is valuable to understand both what is possible for students to learn and how to properly teach 
 them. As Weedon noted [12], the use of engineering judgment was recently added in ABET accreditation 
 outcomes [13] suggesting the need for universities to begin explicitly inculcating it into their classes and 
 curriculums. This type of research helps to inform others to construct more formalized definitions of 
 engineering judgment, specifically for the use of engineering educators [14]. Through this research we are 
 interested in asking the following questions about engineering judgment on student project teams: 1)  Do 
 students on project teams exhibit engineering judgment while working on their teams?  And 2)  How do 
 students on project teams practice engineering judgment similarly and differently from students working 
 on open-ended classroom assignments? 



 Framework 

 Our conceptualization of engineering judgment originates from ethnographies performed by Gainsburg 
 [15], [16], where she examined structural engineers in a working environment and identified eight 
 engineering judgment skills they exhibited during their work. Our research has centered around 
 qualitatively coding transcripts from students recalling their OEMP assignments and the decisions they 
 had to make when faced with ill-structured problems. Through these interviews we were able to adjust 
 Gainsburg’s eight codes into the  productive beginnings  of engineering judgment (PBJ), meaning the ways 
 in which a student can show signs of engineering judgment on a lesser scale than how professional 
 engineers would. This coding framework has been developing over the past four years [17], [18], its basic 
 outline is described in Table 1. The more detailed current iteration of the PBJ framework is available in 
 the Appendix. 

 The productive beginnings of engineering judgment framework centers on four main categories: making 
 assumptions (PBJ1), assessing reasonableness (PBJ2), using technology tools (PBJ3), and overriding 
 calculated answers (PBJ4). This codebook was first developed through retroactive interviews of students 
 solving OEMPs in engineering static courses, then it was transferred to similar data of students in 
 engineering dynamics courses [17], and later applied to group discourse data [18]. Now we would like to 
 investigate the transferability of this code to engineering project teams and examine how students on 
 these teams use engineering judgment differently from what our framework has seen before. 

 Table 1. Productive Beginning of Engineering Judgment (PBJ) Framework Outline 

 PBJ Code  PBJ Description 

 PBJ 1a – 1h  Making assumptions to create a more realistic model, obtain a simpler representation, 
 make the problem solvable, consider the users, etc. 

 PBJ 2a – 2c  Assessing reasonableness of the provided model, assumptions made, or model output 

 PBJ 3a – 3b  Using a technology tool or assessing its use in analysis or computation 

 PBJ 4  Deciding to override a calculated mathematical answer 

 Methods 

 We conducted 11 interviews total with 12 students across 9 different project teams during the winter 
 semester of 2022 and the fall semester of 2023. 11 interviewees were male and 1 was female. All students 
 and project teams were from the same large, public university located in the Midwest. Participants were 
 recruited  via mass emails to project team leadership. Interested students filled out a Qualtrics survey that 
 asked about their project teams and for them to briefly describe a mathematical model they worked on or 
 developed for their team. Interviews were performed by the third author, with the first or second author 
 accompanied to take notes and ask additional questions. These interviews lasted up to 90 minutes, were 
 conducted over Zoom, and were recorded. Participants were compensated $15 for their time. Our 
 interview protocol was broken into four main categories:  Introductions  , where we asked for a pseudonym, 
 a description of the project team, and the interviewee’s role on the team;  Engineering Judgment  , where 
 we asked for a more in-depth explanation of the model they described in the Qualtrics survey and 



 additional, pointed questions aimed at engineering judgment;  Professional skills  , where we asked for 
 examples on how they learn and use professional skills on their project teams; and  Personal background  , 
 where we collected data on the interviewee’s background and self-reported identity. 

 A semi-structured interview protocol was developed based on the PBJ framework. After each interview, 
 the transcript was collected from Zoom’s automatic transcript generator and then corrected and 
 de-identified by either the first or second author (whichever was not in the interview). Then the first 
 author coded the four interview transcripts of the participants, listed in Table 2, via Dedoose software. 
 The transcripts were coded for engineering judgment using the framework laid out in the Appendix. 
 Additionally, the first author remained open to occurrences that could lead to new categories of the PBJ 
 framework or any interesting trends that appeared in the interview data. Findings from the initial coding 
 will be verified by additional research in the next stage of the study. This paper includes data from four of 
 the interviews (randomly chosen), with four different participants across three project teams. Pseudonyms 
 are used for the participants (chosen by the participant) and their team names (chosen by the researchers). 
 Information on their year in college and pronouns were self-reported by the participant. Table 2 outlines 
 the four participants we interviewed, along with a short description of them and their model. 

 Table 2. Interview Participants Information 

 Pseudonym  Pronouns  Year in College  Project Team  Model Discussed 

 Chase  he/him/his  Third Year  Airplane Team  Aircraft sizing model 

 Brenden  he/him/his  Fourth Year  Car Team  Gear loading/sizing model 

 Sheldon  he/him/his  Second Year  Rocket Team  Injector efficiency model 

 Samson  he/him/his  Third Year  Rocket Team  Flight simulation model 

 Results 

 The preliminary results of this research comes in two forms: the qualitative trends noted by the first 
 author while coding and the quantitative metrics of the codes. These results help shape the next direction 
 of our research and will be presented by looking at each research question postulated previously. 

 RQ1  : Do students on project teams exhibit productive beginnings of engineering judgment while working 
 on their teams?  Table 3 provides the number of occurrences of each PBJ type coded per interview. 135 
 occurrences were coded and each interview consisted of at least 26 occurrences. All of the PBJ codes 
 were found at least once throughout the interviews except for the PBJ 2c code “Assessing reasonableness 
 of the model provided by the instructor.” This makes sense as this code is specific to the OEMPs, where 
 the instructor provided students with a model, and may suggest the need for a code definition change. 

 The data coded so far does show that the existing engineering judgment codebook can overall be applied 
 to project team work and that students do exhibit the productive beginnings of engineering judgment on 
 their project teams. Furthermore, the analysis identified three potential new codes that will be further 
 investigated in future coding of the additional 8 project team interviews. 



 Table 3. Number of PBJ Code Occurrences per Interview 

 1a  1b  1c  1d  1e  1f  1g  1h  2a  2b  2c  3a  3b  4a  total 

 Chase  2  4  0  0  4  2  0  2  7  8  0  5  2  4  40 

 Brenden  1  3  1  0  1  0  1  1  9  10  0  4  2  1  34 

 Sheldon  2  5  1  1  0  1  0  0  4  6  0  4  1  1  26 

 Samson  1  3  0  2  5  0  0  0  8  8  0  5  3  0  35 

 Totals  6  15  2  3  10  3  1  3  28  32  0  18  8  6  135 

 ●  Potential New Code 1: Assessing the reasonableness of previously made assumptions in a model. 
 An example of this potential new code was when Brenden described a situation with the steering system 
 model and said “I ran the calculations and it’s like I can’t get these calculations to work, they’re showing 
 everything will fail. Let’s check the calculations from last year.” This is similar to what the PBJ 2c code is 
 designed to capture, but changing the wording to PBJ 2c could generalize the framework further to 
 capture instances of this type of engineering judgment. 

 ●  Potential New Code 2: Assessing the reasonableness of making a design change. 
 An example of this potential new code was when Brenden talked about the need to consider the impacts 
 of a design change versus the time and effort the change will take, stating “So this case it was like doing a 
 lot of testing showing that it works and, in general, if it's something that helped the performance of the 
 car, whether that be lightweight, more capability, easier to build, something like that, then in general 
 people will be down to make that.” This is interesting because they aren't looking at the reasonableness of 
 the assumptions or model output like codes PBJ 2a and PBJ 2b would capture, presumably they believe 
 that those assumptions are well made. Instead they are debating whether this design change will be worth 
 it to implement. We do see a connection to PBJ 1b, in which the student makes an assumption considering 
 a client or user (in this case, their team). However, PBJ 1b does not capture the assessment of the 
 reasonableness we see in Brenden’s quote. This type of engineering judgment is also noted by Weedon, 
 who discussed the role of rhetoric in persuasion and timing when applying engineering reasoning to a 
 deliverable [12]. 

 ●  Potential New Code 3: Assumption considers how the model will interact with other systems. 
 An example of this potential new code was when Samson described how he had to work with other 
 systems while creating his model, saying “It has masses of every component, sizes of every component, 
 everything like that, and it links to a whole bunch of other spreadsheets that we use. Just kind of a systems 
 engineering approach to make sure everyone's on the same page about stuff.” The topic of considering 
 how a model interfaced with other models came up throughout these interviews, suggesting the possibility 
 of a code to include systems thinking. Armstrong and Wade wrote about the importance of developing 
 systems engineering expertise due to systems becoming more and more complex [19], which may suggest 
 an emerging type of engineering judgment that we can only see when examining students who are solving 
 larger, more intertwined problems than an OEMP. 



 RQ2  : How do students on project teams practice engineering judgment similarly and differently from 
 students working on open-ended classroom assignments?  Figure 1 shows the frequency of PBJ coded for 
 in these four project team interviews versus the frequency of codes for our OEMP static assignments [6]. 

 From this plot we can see that students on project teams use technology tools (PBJ 3a & PBJ 3b) more 
 than students solving OEMPs and make assumptions based on two main justifications (research/ 
 experimentation and to simplify) versus a more even justification spread for students solving OEMPs. 
 Also, both project team students and students solving OEMPs assess the reasonableness of their outcomes 
 (PBJ 2b)  more frequently than their assumptions (PBJ 2a). Although we see these differences and 
 similarities now, we may need to wait until the rest of the interviews are coded to hypothesize the 
 reasoning behind these trends. 

 Figure 1. Frequencies of PBJ on Project Teams vs OEMP Statics Assignments 

 Discussion 

 These results show that our engineering judgment framework is on the right track to capture productive 
 beginnings of engineering judgment from a diverse set of undergraduate students’ work. We were able to 
 find instances of engineering judgment being used on student project teams. Although this data set did 
 have differences from our typical retrospective OEMP interview data, we now know that we can continue 
 to study the use of engineering judgment on project teams with this framework. In the future we will 
 collect more of these project team interviews, and further compare it to how students show instances of 
 engineering judgment in the classroom in an attempt to answer the second research question in this paper. 

 It should be noted that the diversity of the teams could have played a factor in the current results, and 
 when we code the seven remaining transcripts new trends could come about. Project team cultures can 
 vary drastically, and as a result impact who is on them and what is being learned [20]. Similarly there are 
 many differences in the ages of these project teams and how their knowledge gets shared from 
 student-to-student, which can also impact the performance of the teams and what is learned [21]. These 
 teams are each completing their own engineering challenges that perform very dissimilar tasks, which 
 leads to difficulties but also a lot of value when it comes to comparing them to each other. This research 
 could help us better see the steps in which engineering judgment is developed, and what is needed to learn 
 it – giving great potential for engineering education and curriculum impact. 
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 Appendix 

 Productive Beginnings of Engineering Judgment (PBJ) Framework 

 PBJ Code  PBJ Description  PBJ Code  PBJ Description 

 PBJ1: Making Assumptions  PBJ2: Assessing Reasonableness 

 PBJ 1a  Assumption with no justification  PBJ 2a  Assessing reasonableness of 
 assumptions the student made 

 PBJ 1b  Assumption makes model more 
 realistic based on student’s research 
 for the class 

 PBJ 2b  Assessing reasonableness of the 
 model output 

 PBJ 1c  Assumption considers 
 user/client/manufacturer 

 PBJ 2c  Assessing reasonableness of model 
 provided by instructor 

 PBJ 1d  Assumption makes the model solvable  PBJ3: Using Technology Tools 

 PBJ 1e  Assumption simplifies the model  PBJ 3a  Use of a technology tool to help 
 with analysis/computation 

 PBJ 1f  Assumption doesn’t affect the output 
 of the model 

 PBJ 3b  Assessing use of a technology tool 

 PBJ 1g  Assumption models student’s 
 perceived worst-case scenario 

 PBJ4: Overriding Answers 

 PBJ 1h  Assumption makes model more 
 realistic based on student’s lived 
 experiences 

 PBJ4  Deciding to overriding a calculated 
 answer 


