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1) 42% of jobs will be in risk with the status-quo STEM education (NEA) 

2) Nationally, less than 50% of 
the students who enrolled in 
engineering curriculum  com-
plete the program.  

3) 30% of STEM students don’t 
get degrees within 6 years  

4) At Colorado State University, 
we typically lose about 40% of 
our engineering students in the 
first two years. 

5)Pedagogically, different topics 
are taught in silos. Students 
moving from one silo to anoth-
er without knowing how much they are connected, resulting in low perceived 

 

Students spend the first two years building the foundation in math, physics, and 

EE. Most of the courses related to EE core competencies start from the junior 

year. Gaining core competencies represents significant technical challenges to 

students in three different ways: 

1) The amount of contents covered increases significantly overtime. Many stu-

dents find it difficult to grasp the con-

cepts because they are abstract and 

mathematically intense. 

2) There is a significant dependence on 

students’ mastering of related math con-

cepts.  

3)  Students do not see the connections 

between core competency courses and 

how they fit into the big picture, as well 

as why the mastery of individual topics 

matters greatly for solving real-world en-

 

Problem Definition 
  The current undergraduate engineering education system fails in two criti-

cally important ways. 

1) Students with the desire and aptitude to become productive engineers are 

not seeing the relevance of current curricula, and, consequently, they are 

abandoning the discipline. This is especially true for those entering the middle 

2 years where an accelerated amount of new concepts are introduced.  

2) Those who ultimately graduate from undergraduate engineering programs 

 

Facts 

 

Current State of EE UG Education 

 
 

Core Competencies & Anchoring Concepts 
Core Competency Anchoring Concepts 

Electronic Circuits Fundamental Semiconductor Physics, Diodes, Diode Models and Applications, 

Large Signal Analysis for BJTs and FETs, Small Signal Analysis for BJTs and 

FETs, OPAMP Networks, CMOS Single-Transistor Circuits, CMOS Output Driv-

ers,  CMOS OTA and OpAmp Design, Circuit Frequency Response, Feedback 

and stability, Noise. 

Signals & Systems Transient and Complex Exponential Signals, Linear Time-Invariant Systems, 
Spectrum Analysis Continuous-Time Signals and Systems, Spectrum Analysis 
Discrete-Time Signals and Systems, Sampling, The Laplace Transform, Z-
Transform, Linear Feedback Systems, Communication Systems, Noise. 

Electromagnetics Electrostatic Field in Free Space,  Electrostatic Field in Material Media, Steady 

Electric Currents, Magnetostatic Field, Low-Frequency Electromagnetic Field,  

High-Frequency Electromagnetic Field, Plane Electromagnetic Waves, Wave 

Reflection and Transmission, Transmission Lines and Waveguides, Circuit Anal-

ysis of Transmission Lines. 

Mathematics Ordinary differential equations, complex variables, series expansions, polar/
spherical coordinates, Green’s and Stoke’s theorems, and surface integrals, ran-
dom variables and their distribution characteristics 

1) University of Florida and Drexel’s E
4
 program: first year course reforms. 

2) IMPULSE at Massachusetts-Dartmouth, the Engage at Tennessee, and oth-

ers, adopted separate courses that include more hands-on and project experi-

ences for freshmen to enhance learning experience.   

While these efforts have been successful at improving first year retention rates, 

they have not significantly addressed the long-term graduation rates or attrition 

 

Previous Attempts to Change EE UG Education 

1) Holistic view of core competencies and how they are related using a matrix-

style curriculum. 

2) Threads to weave foundational concepts and creativity. 

3) Multifaceted teams of Content Experts, Integration Specialists and Thread 

Cham- pions work-

ing to- gether to 

instill deep 

knowledge 

of dis- cipline. 

 

Vision and Goals 

1) Traditional courses are bro-

ken down into self-contained 

learning studio modules 

(LSMs). 

2) Each LSM covers an anchor-

ing concept. 

3) Knowledge integration (KI) 

modules across different 

core competency areas 

weave together anchoring 

concepts from different 

LSMs to make learning 

more relevant and to im-

prove efficacy.  

 

 

 

 

 

 

 

 

Our Approach 

 

Implementation 

Implementation of the first set of LSMs and their KI: 

power supply & management unit 

The KI integrates the following concepts from the LSMs: 

 Periodic signals (Circuits & Systems) 

 PN junctions and diodes (Electronics) 

 Time-invariant systems (Circuits & Sysmtes) 

 Electrostatic field (Electromagnetics) 

 Dielectric materials (Electromagnetics 

 Capacitor (Electronics & Electromagnetics) 
Electronics 

Electro- 

magetics 
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Implementation of the second two set of 

LSMs and their KI: back-end analog audio 

system 

The KI integrates the following concepts from the 

LSMs: 

 Sinusoids and superposition (Circuits & Systems) 

 Spectrum (Circuits & Systems) 

 Amplifiers (Electronics) 

 Gain, phase, linearity, and distortion  (Electronics) 

Implementation of the third set of LSMs and 

their KI: back-end digital audio system 

The KI integrates the following concepts from the LSMs: 

 Sampling and Nyquist theory (Circuits & Systems) 

 Aliasing and anti-aliasing filters (Circuits & Systems) 

 Ideal opamps (Electronics) 

 Filters and converters using ideal opamps (Electronics) 

 Audio amplifiers (Electronics) 

 Magnetic circuits (Electromagnetics) 

 Modeling of magnetic circuits using an equivalent RLC cir-

cuit (Electromagnetics) 

A new pedagogical approach to address the attrition trend in undergraduate 

EE engineering program is presented. 

This approach provides both the longitudinal and latitudinal integrations to 

significantly alter the existing learning model by systematically infusing appli-

cations of the anchoring concepts in three core competency areas of the un-

dergraduate EE program into an otherwise difficult learning process to im-

There are three more KI modules during the second semester of the junior year. They cover 

 Radio signal transmitter, integrating the following concepts: transfer functions in the Laplace domain, modulation, differential amplifiers in 

baseband applications, oscillators and carrier signals, radio output spectrum, EM wave & propagation, and antenna & radiation. 

 Radio signal receiver, integrating the following concepts: filters and bandpass filters using LC+Opamps, demodulation, bandwidth, phase, 

and stability in baseband amplifiers, filter design with imperfect opamps, interface between antenna and PCB, and wave propagation on 

PCB traces. 

 Overview of the entire radio system and noise, integrating the following concepts: SNR, impact of amplifier and filter design on SNR, an-

tenna design options to increase input signal power, radio receiver sensitivity due to noise, principle components in a radio system and 


