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Representation of Engineering Concepts in Academic and 

Engineering Workplace Settings: How situated are engineering 

concepts in these contexts?

Abstract: 

Background: Concepts are a nebulous research subject without focus on a specific context. The 

notion of a concept implies an abstract chunk of information that is ubiquitous across contexts. 

However, situated cognition theory within education research suggests that conceptual 

understanding is nuanced and shaped by the contexts wherein conceptual knowledge is learned 

and applied.   

Purpose/Hypothesis: The purpose of this research is to explore the similarities and differences 

between contexts in engineering education and practice. Through exploration of these contexts, 

we can understand how contexts manifest similar and different ways of conceptual 

representations amongst engineering students and professionals. By representations we mean the 

ways in which conceptual knowledge is demonstrated within social and material contexts. 

Design/Methods: This research implemented ethnographic methods within education and 

practice settings to explore the influence of context on conceptual representations. To narrow our 

scope on context, the ethnographic research focused on structural engineering concepts 

represented by structural engineering students, instructors, and professionals within upper-level 

structural engineering courses and on real-world structural engineering projects.  

Results: Early results indicate that students, instructors, and professionals generally agree on 

common definitions of structural engineering concepts. However, the ways in which these three 

groups represent those concepts varies based on their contexts. These contexts and subsequent 

representations have their purposes suited for the academic or workplace settings where they 

occur, but there exists avenues to simulate workplace contexts in academic settings to help 

bridge the education-practice gap. 

Conclusion: While most engineering students, instructors, and professionals would agree that 

the purpose of engineering education is to prepare future engineers for the workplace; contexts of 

the workplace can vary from company to company and position to position. Through more 

focused in-depth explorations of these contexts within specific engineering disciplines, we can 

enhance our understanding of which engineering concepts are more or less ubiquitous. 

 

 

 

 



Introduction: 

Engineering concepts are often taught in abstract and ubiquitous ways with the goal of 

transmitting fundamental conceptual knowledge to students. Students are then expected to 

transfer their fundamental understanding of certain concepts to unique problems in their future 

courses and careers that may require a more nuanced conceptual understanding. Therefore, it is 

important to understand the similarities and differences between how engineering concepts are 

represented in the contexts of professional practice and academic settings and how these contexts 

influence engineering students’ and practitioners’ conceptual learning [1]. How concepts are 

represented is influenced by the social and material contexts wherein concepts and conceptual 

knowledge is demonstrated. One example of a material context influence on conceptual 

representations is in a structural engineering workplace, the creation and use of structural 

drawings influencing conceptual representations such as: tributary area, loads, and load path. The 

research presented in this paper highlights the ethnographic methods used to study the contexts 

of professional practice and academic settings. Results from these settings indicate that 

engineering concepts are represented in disjointed, isolated design efforts in academic settings; 

whereas similar concepts are integrated within and throughout design efforts in a workplace 

setting. Some suggestions for engineering education and curriculum based on these results are 

presented at the end of this paper. 

Activities and Findings: 

Activity 1: Ethnography of an Engineering Workplace 

A graduate research assistant worked as a part time intern for three months with a medium-sized 

structural engineering department at a private architecture and engineering firm in the Pacific 

Northwest. While interning with this company, the graduate research assistant conducted an 

ethnography within the structures department to explore the engineering concepts frequently 

represented by practicing structural engineers within the contexts of their daily work and 

structural design efforts. An ethnography is a qualitative research method aimed at observing and 

participating within a culture to gain a deeper understanding of that culture’s practices. The 

ethnographer records field-notes, documents artifacts, and interviews other members of the 

culture while being a participant-observer [2]. In this activity, the graduate research assistant had 

academic training in structural engineering to be able to participate as an intern, recorded field 

notes of their daily work and observed meetings, took pictures of artifacts frequently used by 

structural engineers, and conducted formal and informal interviews with structural engineers. 

Findings 

Common concepts frequently represented in the structural engineering workplace were loads, 

load path, and beam and column design. The social and material contexts where these concepts 

were frequently represented were: design aids, architectural and structural drawings, informal 

and formal design meetings, product catalogs, and free-body diagrams. Throughout a design 



effort, the structural engineers often have to make decisions quickly and not waste too much time 

on any single component of the design. To do this, the structural engineers frequently relied on 

their peers and mentors and a variety of design aids. For example, Figure 1 and 2 shows multiple 

different tools that a structural engineer was using simultaneously to design a door jamb for a fire 

truck bay garage door.   

 
Figure 1: Structural engineer’s work station with left monitor running an anchorage design 

software based on the lateral loads acting on the garage door jamb and the right monitor 

showing details for a similar anchorage design. 
 

 
Figure 2: Structural engineer’s hand drawn details of the top and base connections of the 

garage door jamb on the right with printed structural drawings of the buildings being used for 

reference on the left. 
 

These figures illustrate part of a design effort done by the graduate research assistant as an intern 

and a structural engineering mentor. The graduate research assistant determined the lateral loads 

on the door jamb by determining the wind loads acting on the garage door and being distributed 

to this jamb. The structural engineering mentor then used those loads as input for the anchorage 

design software (Figure 1, left picture). The structural engineering mentor emphasized that the 

door jamb need only resist lateral load and none of the gravity load from the existing framing 

used in the gravity force resisting system. The structural engineer used pre-existing details from 

a similar project (Figure 1, right picture) to check whether the anchorage software output was 

reasonable. The structural engineer then used a combination of pre-existing details for door 

jambs (Figure 1, right picture) and the structural drawings for the existing framing (Figure 2, left 

picture) to develop a detail that could transfer the lateral loads from wind into the anchorage and 

foundation without transferring any additional gravity load from the structure (Figure 2, right 



pictures). This example illustrates the multiple tools that a structural engineer utilizes to aid in 

the design effort of a door jamb. These tools aided in finding the loads, determining the demand 

these loads put on the anchorage, determining a desirable load path, and drafting some details of 

connections to facilitate the desired load path. 

Another common design aid used by the structural engineers was manufacturers’ product 

catalogs. Figure 3 shows a load table from a steel joist manufacturer’s catalog that helps 

engineers select a joist size and type based on the joists span and allowable load for that span.  

 
Figure 3: Load table for steel joists based on their span. 
 

To use this table, the structural engineer needs to determine the span of their joists and their 

loading to ensure they select a joist with enough capacity. If the framing has already been 

determined, this information can typically be found on structural drawings, but the structural 

engineer often has to work with an architect and architectural drawings to see where joists can be 

placed, spaced, and what type of loads they might support. Figure 4 shows a preliminary sketch 

of a framing plan for a roof that was traced on wax paper over the architectural drawings for the 

roof plan.  



 
Figure 4: Tracing potential framing layout over architectural drawings. 
 

Tracing framing layouts over the architectural drawings allows the structural engineer to place 

their structural elements (beams, joists, girders, and columns) while ensuring they do not conflict 

with any architectural features, such as skylights. This exercise also allows the structural 

engineer to derive a good estimate of a structural elements span and the tributary area for that 

element to determine the load it supports. With the span and load determined, the structural 

engineer can readily use the manufacturer’s table in Figure 3 to select a preliminary joist and 

move forward to other design efforts.  

These examples illustrate how a structural engineer may use multiple different tools in a design 

effort. They may rely on load calculations and previous drawings/details from other engineers, 

architectural drawings from architects, and/or manufacturers’ data of their tested products. These 

are all examples of social and material contexts that influence how the structural engineer 

interacts with and represents fundamental structural engineering concepts, such as loads, load 

path, and member and connection design. Furthermore, these design effort examples illustrate 

how these concepts are interrelated and influence each other. For example, the loads and load 

path for the garage door jamb influenced the subsequent member and connection design to resist 

those loads with the desirable load path. 

Activity 2: Ethnography of an Academic Setting 

The same graduate research assistant from the previous activity enrolled in fundamental 

structural engineering courses at a large, public university in the Pacific Northwest. While in 

these classes, the graduate research assistant used ethnographic methods to explore the ways 



structural engineering concepts were being represented in common structural engineering 

courses. The courses that the graduate student enrolled in were an introductory structural theory 

course and a steel design course. Both these courses are 300 level and required for all civil 

engineering majors in order to graduate from the university.  

Findings 

Similar concepts, such as loads, load path, and beam and column design were emphasized in 

both structural engineering courses. The social and material contexts where these concepts were 

frequently represented were textbooks, lecture handouts/notes, lab exercises, group projects, and 

in homework. These contexts are often intended to introduce and present simplified 

representations of concepts while also simulating aspects of contexts in the workplace. For 

example, Figure 5 shows a table in the textbook used in the introductory structures course that 

comes from a standard, ASCE 7-16, that is a common resource used by practicing structural 

engineers. 

 
Figure 5: Live load table from a structures textbook representing an abridged table from ASCE 

7-16. 
 

The table in Figure 5 provides students with some common live load values needed to solve later 

textbook problems that they had on a homework assignment. 

Similarly, a lab exercise for determining loads in the steel design course, presented a load table 

for students to use in determining load values and the load path from a slab to column. Figure 6 

shows the load table students were asked to complete for the dead loads on a structure and Figure 

7 shows the printed handout of a table on dead loads from ASCE 7 that the students need for 

filling out certain parts of the table. 



 
Figure 6: Lab exercise for determining dead loads from slab to a column. 



 
Figure 7: Printout of a table with dead load values from ASCE 7-16. 
 

Notice how in Figure 6, the students are provided with some assumptions for material weights, 

and that some of the values are already given with a reference to the table in Figure 7 for where 

those values came from. 

These examples show that students are being presented with concepts such as loads and load 

path in their homework, textbooks, lab exercises, and handouts. Both Figures 5 and 6 inform 

students that the loads are determined from ASCE 7, a commonly used standard by structural 

engineers for determining loads. Figure 6 even has students look up some values from a table 

printed out from ASCE 7. These exercises help introduce students to common live and dead load 

values, a basic load take off and load path, and what ASCE 7 is; however, they do not provide 

students with much opportunity to navigate and locate these tables within an entire ASCE 7 

standard or wrestle with where some of the load assumptions and member spacings in Figure 6 

come from.  

Another exercise performed by students on a homework assignment in the introductory 

structures course required them to determine and trace a load path for a floor framing plan of an 

existing structure by reading and interpreting the existing structural drawings as shown in Figure 

8. 



 
Figure 8: Homework problem asking students to use the floor framing plan structural drawings 

on the left to determine and trace the load path on an enlarged printout of a portion of the same 

floor plan. 
 

This exercise exposes students to the concept of load path, while also exposing them to reading 

and interpreting structural drawings. These types of exercises that provide students with tangible 

materials (used by practicing structural engineers) to learn new concepts, allow students to 

become familiar with the contexts of the workplace that influence how structural engineers 

represent and understand these same concepts.  

Discussion: 

This project’s impact on engineering education is that it allows for a deeper understanding of 

how concepts are represented in a professional setting, so that best practices and areas of 

improvement can be identified for how similar concepts are represented in academic settings. 

Engineering education exposes engineering students to a wealth of concepts with the assumption 

that if students fundamentally understand these concepts, they will be able to apply them 

appropriately in their professional careers. Situated cognition theory, however, would argue that 

the social and material contexts wherein concepts are learned and applied influences our 

understanding of them and ability to recognize, understand, and apply them in novel contexts. 

[3].  

The authors’ do not mean to contend that all concepts be represented in similar social and 

material contexts as practice. Indeed the contexts of the academic setting have their purpose of 

introducing new concepts in simplified, isolated ways and scaffolding off of this into more 



nuanced and integrated representations. However, there are opportunities for curriculum to be 

more aligned with the social and material contexts of practice so that students are aware and 

prepared for these contexts. In terms of structural engineering, students could benefit from 

exercises such as the one presented in Figure 8, where they must read and interpret structural 

drawings—a common material context of the structural engineering workplace—to represent the 

load path. Similarly, students might benefit more from engaging with concepts presented in 

standards and codes common in practice, rather than textbooks or printouts that only reference 

isolated aspects of these standards and codes. 

Conclusion: 

This project will provide a more holistic view of how concepts are represented in an authentic 

workplace setting and how this compares with the ways similar concepts are represented in 

academic settings. One reason for the education-practice gap in engineering is the differences 

between the contexts of these settings and how these contexts influence conceptual learning and 

understanding as posited by situated cognition theory [3]. A descriptive exploration of these 

settings and their contexts was provided through ethnographic methods of a structural 

engineering workplace and structural engineering courses. These methods highlighted that 

concepts are represented across a variety of social and material contexts in the workplace often 

geared towards expediting design decisions; whereas concepts are represented in simplified and 

isolated contexts in academic settings that limit the opportunities for students to make broader 

connections of how these concepts integrate in holistic design efforts. These findings indicate 

that concepts can be less ubiquitous than they are represented as being in academic settings and 

by exposing students to some of the ways concepts are represented in professional practice they 

may become more aware of the tools and resources engineers use to represent these concepts and 

their role in design efforts. 

References: 

[1] Bornasal, F., Brown, S., Perova-Mello, N., & Beddoes, K. (2018). Conceptual Growth in  

Engineering Practice. Journal of Engineering Education, 107 (2). 

 

[2] Johri, A. (2014). Conducting Interpretive Research in Engineering Education Using  

Qualitative and Ethnographic Methods. Cambridge Handbook of Engineering Education 

Research. (pp. 551-570). 

 

[3] Johri, A, Olds, B.M., & O’Connor, K. (2014). Situative frameworks for engineering learning 

 research. Cambridge Handbook of Engineering Education Research. (pp. 47-66). 


