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Developing an Effective and Engaging Concept-Driven Approach to 
Teaching Structural Design 

 
Abstract 
Structural engineering students are expected to have a very well developed understanding of 
structural design upon graduating. However, many students achieve only a low level of 
understanding with design abilities amounting to “plug-and-chug”. This might be the product of 
the combination of two factors. First, commonly instructors only use traditional teacher-centered 
direct instructional practices (e.g. only lecturing and writing out equations/problems). Second, 
many instructors try to cover too many different topics and scenarios, necessitating a focus on 
process and on picking the correct design equations. Perhaps this is in an attempt to prepare 
students for practice where structures can take on any shape, and there a plethora of design items 
to check.  

However, this instructional style combined with an overemphasis on application of prescribed 
design equations sends students the wrong message - design is about knowing how to apply 
equations. Not only is this style disengaging but it misdirects study away from developing a strong 
conceptual understanding of the basic design equations, of their parts, and of design philosophy 
overall. A solid conceptual knowledge will ultimately allow students to navigate more complex 
problems and more intricate portions of design specifications later on in their professional careers. 

With this opinion in mind, this paper discusses and outlines an approach to teaching structural 
design courses rooted in methods that are well documented in education research. This includes 
changing the focus of lectures to the underlying physical concepts behind design specification 
equations, assigning homework problems which emphasize analyzing trends within and between 
structural behavior and specification equations, and adding concept-targeted lab experiments (or 
data analysis assignments to mimic experiments). Examples are provided for a course in steel 
design, but this approach is certainly applicable to design courses on other structural materials, 
like reinforced concrete or timber. 

Going beyond simply making course material suggestions, this paper seeks interested collaborators 
to join the author in a larger research and dissemination effort. The goal is to have this group 
develop and distribute two nation-wide surveys to understand and document (i) what design skills 
are desired by the industry of newly graduated engineers, (ii) what and how instructors are 
teaching, and (iii) how these two align. Additionally, this group will collaborate on developing (i) 
concept-focused course materials and methods, (ii) a standardized structural design concept 
inventory for pre- and post-course assessment, and (iii) course assessment data collection over a 
wide range of institutions.  

The goal of all these efforts is to establish an effective and engaging concept-driven approach to 
teaching structural design which is backed up by convincing quantitative and qualitative evidence.  



 
 

 

  

Introduction 
Structural engineering students are like any others, some are very naturally engaged and arrive in 
upper-level courses well prepared to take the next steps. However, based on experience and 
observation, many are not well prepared and struggle to connect prerequisite material to 
successfully form a meaningful understanding of structural design. But immediately upon 
graduation these new engineers are expected to be extremely well prepared to take on design 
tasks[1][2] which require skills beyond simple operation of design specifications, which is 
commonly the focus of undergraduate design courses. Skills in generating preliminary designs 
from “scratch”, verifying computer analyses and design output, and having a “feeling” for the 
structure and its components are generally left to the students to figure out on their own in their 
first job [2]. 

Further, design specifications change, and new research constantly affects design equations and 
methodologies. However, what rarely, or never, changes are the underlying principles of structural 
mechanics behind design procedures. Mechanics, both academically and intuitively derived, can 
be integrated to impart a “feeling” and an understanding of the physical meaning together with the 
specification equations. Cultivating this ability before entering the work force could be highly 
impactful for the career trajectory of new engineers. 

Just as there is variability in student preparation, there is variability in structural design instructors. 
Some are well prepared to skillfully blend lessons in structural behavior and the details of the 
design specification, while others are not and may tend to fall into the common trap of assigning 
a linear presumption to the amount of material they cram into their course. This is a well-
recognized problem in engineering courses, as wonderfully described and analyzed by Professor 
Emeritus David Bella of Oregon State University [3], where the focus is on productivity – the more 
topics covered in a course, the better the course. This is likely in an attempt to better prepare 
students for entering the industry by giving them a full toolbox to utilize once they graduate. But, 
as Bella points out, this assumes a linear relationship that simply does not always apply to human 
behavior and learning. Covering too many topics, combined with the use of less effective 
traditional teaching strategies can do students a real disservice. 

Arguably structural design courses may be especially at risk to these two teaching problems. The 
increased focus on research at most universities has driven down the practical experience of 
faculty[2],[4]. Further, ABET encourages design courses to be taught by licensed engineers [5]. So, 
departments often hire part-time, or adjunct faculty, who are full-time practicing engineers who 
may not have much teaching experience or training but do have extensive professional experience. 
Among these there are most certainly many excellent instructors. However, it is no stretch of the 
imagination to think that many will “teach the way they were taught” and rely on poor instructional 
practices like teaching only by transmission. Further, experienced practitioners can be susceptible 
to expert blindness[6], just as university faculty can, and may mistakenly assume students are far 
more experienced than they actually are and that students will be bored by the fundamentals. Then, 
in a somewhat misguided attempt to provide value to their course, adjunct faculty may try to cover 
as much material as possible and include complex versions of basic design problems (different 
situations and geometries). It is not disputed that this has vocational value. But teaching by 
transmission and overemphasizing code operation over understanding structural behavior will 
likely lead to, as Bella [3] called it, “plug and chug, cram, and flush”.  



 
 

 

  

It is likely more important to focus on the basic design philosophy and to guide students into 
developing a deeper more concept-connected understanding in terms of the underlying mechanical 
principles and how they relate to the primary design specifications. Just having a large number of 
tools is not helpful if you do not understand how to use them or for what use they are intended. 
Rather than learning to plug-and-chug many prescribed design equations, students will be much 
better prepared for their careers if they have a solid fundamental understanding of a few key 
behaviors to use as a platform from which they can learn more complex, detailed, or newly 
developed design tasks and procedures. This can prepare students to more confidently carry out 
their work early in their careers and more easily adapt to new methods in the future. 

Concentrating on concepts and linking to the specification equations may open instructors to 
assigning students tasks that will represent a liminal space, the utility of which Phillips [6] 
describes as a crucial part in experiencing learning, where students must utilize their knowledge 
of “what’s going on” to solve a design problem in concept and link to the specification being 
taught. For instance, if students understand the physical meaning behind, and the name of, lateral 
torsional buckling in steel beams, then a design problem could be framed where the parameters 
should lead students to independently find the appropriate provisions in the steel specification. In 
general, though, students may not walk away from this type of course knowing all the code 
equations, but they will be better equipped to fluctuate in and out of liminal space later in their 
career. 

Teaching in this way may be more the purview of the typical university professor, who is less 
likely to have an abundance of professional design experience, but for whom the more theoretical 
and historical aspects tend to be strengths. They (arguably) may also have more time to focus on 
course development. However, professors also certainly fall victim to the same poor instructional 
practices and can have expert blindness, again leading students to “plug, chug, cram, and flush”. 
So, whether adjunct or full-time university faculty, whomever is teaching structural design a 
concept-focused approach should be considered. 

All these aspects describe the basic philosophy of the author on a concept-focused approach to 
teaching structural design. This paper presents some specific examples of corresponding course 
materials for a steel design course under development by the author. The strategy includes three 
parts which on their own are not novel pedagogical ideas, but are inspired by this philosophy. 
These parts are (i) concept-focused lectures with (ii) concept- and trend-focused homework 
assignments, and (iii) small concept-focused lab experiments all designed to relate structural 
mechanics concepts, structural design concepts, and structural design equations.  

Focusing on Concepts in Lecture 
Here, a few examples of typical lecture slides are used to illustrate how a conventionally taught 
steel design course may present a few topics. Although the instructor  may or may not stop there 
in their coverage of the underlying concepts, the point to be made is that even with a few more 
slides students can be provided a much more meaningful physical explanation from which to 
develop a “feeling”. A few slides from a typical tension member lecture are shown in Figure 1. 
These very efficiently summarize the AISC [8] treatment of the shear lag phenomenon in tension 
members . But, in this particular presentation the very next slide, the last one on this topic, is a 
calculation example. Presumably, this is the extent of coverage for shear lag. But, any discussion 
in class about the concept of shear lag that may have occurred is, at minimum, not passed on to 



 
 

 

  

 
Figure 1 Slides from a typical steel design lecture describing shear lag 

 
Figure 2 Concept-focused slides providing students a feeling for shear lag 

(Derived from Civjan [9]) 

the students in these slides assuming they are provided after lecture. This material potentially gives 
no expert guidance about the physical meaning of shear lag. To the busy student, it could easily 
become just some design “thing” that must be accounted for in tension member design. However, 
just two additional slides, shown in Figure 2, can provide students with a better feeling for the 
physical meaning of shear lag (although these are condensed forms of what should probably be 
given in class). Is this particular concept immediately important to engineers hiring newly 
graduates? Probably not, but as a new engineer they may be more likely to properly account for 
shear lag and feel more confident in their early work. This affects their career trajectory and 
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ultimately promotes higher quality work (less mistakes are made, so less must be caught and less 
must be taught on the job, etc.). Instructors may skip this concept, though, in order to show more 
examples in an effort to achieve the same overall goal. This may risk the student simply knowing 
how to apply the equations and “plugging-and-chugging” their way through this type of problem. 

 
Figure 3 Slides from a typical steel design lecture describing local buckling 

 
Figure 4 Concept-focused slides relating new and old methods for local buckling using the same 

underlying concept (Derived from Civjan [9]) 
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Another example is provided using the topic of local buckling. Here, the same issue is observed 
from the example lecture slides for compression. The first slide in Figure 3 summarizes the AISC 
equations[8] for flexural and local buckling, again efficiently and necessarily. These four slides are 
presented along with a few others showing the AISC slenderness ratio tables, which accompany 
the equations, and then immediately are followed by example problems. Again, students are left 
with no explanation of the phenomenon and get no feeling for what exactly is happening during 
local buckling. The simple figure at the top of each slide in Figure 4 effectively provides a 
visualization for what happens during local buckling.  

Furthermore, the method for calculating local buckling strength has changed in the most recent 
edition of the AISC Specification; this is not an uncommon occurrence in structural design 
specifications. The plots shown in the two concept-focused slides of Figure 4 provide a very 
simplified summary and comparison of the old and new methodologies. Students are shown that 
in the past local buckling strength was arrived at through a modification of the flexural buckling 
stress, Fcr, via a Q-factor which was a function (in part) of the effective area of the cross section 
of slender elements. These equations are shown in Figure 3, the typical lecture slides, as they 
should be. However, especially to the inexperienced student, this is likely just a mess of 
meaningless equations which they will simply follow blindly. Providing even a little context – 
making a connection between Q and the flexural buckling strength curve – at minimum will give 
students a better feeling for what the equations do. Similarly, the new method overall strategy 
shown in Figure 4, and it is clear that in concept nothing changed between old and new methods. 
This, again, instills confidence in the future designer. When students are empowered by an 
understanding of the basic underlying physical meaning of the design equations and methods, they 
will be much better equipped to tackle updated versions throughout their careers.  

The author has approached lectures in this way with excellent feedback from students. Example 
student feedback include comments like: 

“[the instructor] explains complicated topics and concepts using pictures, drawings and 
example[s]…” 

“… [the instructor] tries to make everyone think about the concept behind the equations, 
instead of just plugging and chugging numbers…” 

“… [the instructor] encourages students to graph and look at trends and realize what is actually 
going on…” 

“Does a good job teaching concepts and how material applies to real world applications…” 
“[the instructor] always relates the theoretical aspect of the subject to how it works in 

actuality.” 
Students clearly appreciate incorporating the conceptual information as they identify it with “the 
real world” and “how things work”. Whether this experience actually benefits them further on their 
careers is not known for certain. This is acknowledged by the Collaboration Section, below. 

Concept-Focused Homework  
In one comment, above, a student mentions graphing and examining trends. This is in reference to 
a type of homework problem used and written by the author to build upon the emphasis on concepts 
in lectures. Understanding the trends associated with the specification equations provides students 
a valuable perspective which can quickly build up their engineering experience and intuition. This 



 
 

 

  

was recognized by Rafiq [1], who pointed out that by utilizing common structural software, 
students can almost instantly learn the change in analysis results over a wide parameter range 
which previously required large amounts of engineering experience.   

Of course, this idea can be easily implemented in structural design without special software. For 
example, when introducing flexural buckling AISC Specification[8] equations and design table 
values (which summarize specification equation results for common shapes - i.e., a design aid) the 
students are required to use a spreadsheet to calculate an entire range of values and compare to 
what is simply listed in the AISC Manual, as shown in Figure 5(a). This builds confidence with 
the theory, specification equations, and the design tables. Further, often a conceptual lesson is 
highlighted in this type of assignment, such as the critical difference between x- and y-axis flexural 
buckling, highlighted in Figure 5(b). 

When introducing combined axial and bending forces, students often do not have a good idea of 
how the relative magnitudes of axial and bending loads affect the overall capacity of the member. 
In one simple problem added to the normal assignment, students generate essentially random 
pairings of loads for a given section and plot them against the corresponding specification 
equations, as in Figure 5(c). Through inspecting a range of values, exploring how the design 
equations change within practical ranges, and discovering what is reasonable and what is not, 
students build their intuition about structural design. 

 
(a) Comparison of flexural buckling stresses 

 
(b) Comparison of strong- and weak-axis 

flexural buckling strength 
(c) Comparison of various Moment and Axial 

force combinations and H1-1a,b 

Figure 5 Examples of plots requested as part of homework assignments designed to highlight 
concepts and connect concepts to the design specification (AISC [8]) 



 
 

 

  

Concept-Focused Labs  
It is no secret that lab experiences are great for teaching. Some instructors use them to bridge the 
gap between theory and practice, like Hale [10] in a reinforced concrete (R.C.) design course. To 
get students to learn the difficulties in tying rebar and placing rebar chairs is a valuable design 
lesson that can almost only effectively taught via experience. Further, tracking the progression of 
failure during physical testing in lockstep with the theoretical failure modes also provides an 
experience that will remain with the students far beyond the class (e.g. cannot really be crammed 
and hopefully not flushed). Although lab experiments are not always within the course “budget”, 
whether in terms of time or resources, even simple experimental results can be used to deeply 
connect fundamentals, specification equations, and principles of mechanics. Or, conceptual 
models can be made ahead of time for presentation or can be made by the students, as an 
assignment or in-class “lab”, in order to solidify the concept at hand. Behrouzi [11] developed very 
low-cost R.C. conceptual and practice-oriented models demonstrating the stress distribution in 
beams and rebar cage layouts of various R.C. components.  

Along these lines, yet focusing more on connection of theory, reality, and specification equations, 
a few mini-labs using small inexpensive components are presented here. These experiments have 
not yet been carried out in a course by the author but they will be for an upcoming class. In the 
examples, the intent is to have students generate data and arrive at a useful comparison between 
the data being analyzed and the theoretical or design specification results. In lieu of generating the 
data through a physical lab experiment, a data set could be analyzed by the students to discover 
the theoretical results (more on this below in the Collaboration Section). Again, examples here are 
provided from a steel design course and the concepts discussed above are included for continuity. 

As is somewhat typical, students conduct a simple tensile coupon test and a buckling test in their 
prerequisite strength of materials course. Here, once the particular topic has been covered for steel 
design in lecture, the students will conduct a lab experiment to partially recreate some portions of 
either the theory or design specification equations discussed in class. After a lecture in tension 
design students then participate in the lab shown in Figure 6, which culminates in their 
independently arrival at a shear lag factor, U. First, a steel coupon is pulled to refresh the memory 
about ductility and to also collect the necessary actual material yield and ultimate strengths, Fy and 
Fu, needed to properly compare the specification equations and the test data. Then a single angle 
(or similar) connected by one row of bolts (i.e., a tension member which will exhibit shear lag) is 
subjected to tension and the failure loading is (hopefully) fracture of the net section. Fracture of 
the net section (equation shown in Figure 6) is directly related to the net area, which students can 
measure themselves, modified by the shear lag factor. If all goes well, students will arrive at 
approximately the same shear lag factor that is prescribed by the AISC Specification[8] via back-
calculation from the data. The reader is invited to review the instructions for further clarification.  

Another example is provided for compression members in Figure 7, where students can connect 
the theoretical (yet approximate) method for calculating the inelastic Euler buckling strength. 
Although there are several methods of various accuracy for calculating the inelastic buckling load, 
one simple iterative method uses the tangent Modulus of Elasticity within the elastic Euler formula. 
This method can provide students great insight into the AISC Specification equations for inelastic 
flexural buckling. So using a provided stub column curve (see Figure 7) together with axial stress 
data recorded during lab, students analyze the two data sets to make a comparison and prediction 



 
 

 

  

as to the theoretical, observed, and the specification values for their specimens. Again, the reader 
is invited to review the instructions for a more thorough explanation of the steel-specific content. 
But for brevity, the point of the lab is to plunge students into some real data that will hopefully 
show them the connections between theory, design concepts, and design equations. 

 

 
Figure 6 Concept-focused lab assignment highlighting ductility and shear lag 



 
 

 

  

 
Figure 6 (continued) Concept-focused lab assignment highlighting ductility and shear lag 

 

 



 
 

 

  

 
Figure 7 Concept-focused lab assignment highlighting inelastic flexural and local buckling 

 



 
 

 

  

 
Figure 7 (continued) Concept-focused lab assignment highlighting 

inelastic flexural and local buckling 

 
 

 

 



 
 

 

  

Collaboration and Assessment 
A course involving these, and other, materials following a concept-focused approach is certainly 
a work-in-progress. Addition building materials such as reinforced concrete and timber are perhaps 
even more widely taught than steel, and both have their own structural mechanics concepts to be 
highlighted. Therefore, this paper first calls for collaborators to join together to develop concept-
focused course materials in order to promote this style of teaching through sharing of resources 
across all common building materials. 

However, without assessment tools and results, the importance or effectiveness of a concept-
focused approach is mostly an opinion. This problem is two-fold. First, a consistent tool for 
measuring conceptual student learning in structural design courses should be developed. A concept 
inventory test must be carefully developed and tested to ensure statistical relevance, such as that 
conducted by Steif [13] for statics concepts. These types of questions hone in on a particular 
concept where a number of scenarios are presented and a question is posed in a way such that a 
misconception may be emphasized. For example, several simple supported beams with various 
cross-sections and loadings are shown and the student is asked to match a given deflected shape 
and cross-section figure which exhibits lateral torsional buckling (LTB). The provided choices 
would include those which clearly indicate a lack of understanding of when and how a beam will 
experience LTB. A series of this type of purely conceptual, physical “feeling”, type problems will 
isolate the identified crucial concepts in structural design.   

In order to identify the appropriate concepts, practicing structural engineers should be polled about 
what concepts and concept-dependent skills are important to them and to the career trajectory of 
new engineers. This, of course, will not be the first industry survey about structural engineering 
education. The most relevant found in the literature was by Robertson [12] in 2002. This 
comprehensive industry survey which focused on the skills of new structural engineers across both 
a wide range of engineering and workplace skills (e.g. ability to communicate, work on a team, 
take direction) and some specific to structural engineering (e.g. knowledge of timber design, ability 
to visualize a deflected shape). But, the survey did not probe into the more detailed conceptual 
understanding and skills related to structural behavior and design specifications (e.g. on a 1-10 
scale rate the importance of new engineers to be familiar with how to prevent LTB versus be 
familiar with the specification equation providing LTB strength). With survey results in hand, a 
concept inventory assessment tool (test) can then be properly developed to ensure that this 
approach indeed works to effectively teach the desired skills. Finally, the content being taught and 
the delivery methods being used by structural design instructors should also be investigated. This 
second survey will mimic that given to industry, but will also include instructional details. 

So, collaborators are sought to join the author in generating (i) additional concept-focused course 
materials across various design materials (steel, R.C., timber). In addition to steel design, the 
author teaches timber design and an introduction to seismic design every year. The group will also 
work together in (ii) developing and distributing industry surveys to determine the skills which are 
valuable in new engineers and relate those skills to their corresponding structural design concepts. 
Finally, this group will work together in (iii) developing a Structural Design Concept Inventory to 
be used to measure the effectiveness of the teaching method. These tasks are large in scope and 
necessitate collaborators.   
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