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Introduction

In the semiconductor industry, debugging is sometimes called “The Schedule Killer” due to its
unpredictable and costly nature [1]. Some electronics engineers spend up to 44% of their time on
debugging tasks [2], yet this industry-critical skill is frequently omitted from undergraduate
curricula [3], [4]. Instead, students are often expected to develop debugging skills indirectly
through projects and labs without targeted training. These challenges make teaching debugging a
“million-dollar” question [5] that could improve undergraduate student outcomes and increase
workplace readiness. To address this gap, our team developed customized, laboratory-based tests
to assess circuit debugging performance and better understand ECE students’ skills. This brief
summarizes findings from the first semester of data collection and highlights emerging trends for
further exploration as additional data is gathered.

Debugging Exam Overview

We collected student data using three problems focused on a malfunctioning op-amp, incorrect
equipment settings, and selecting a component with the wrong specifications. Fig. 1 illustrates a
correct non-inverting op-amp circuit alongside two buggy implementations on a TL074 IC [6].
The middle image depicts a bug caused by misorienting the integrated circuit (IC) on the PCB.
The swapped +15 V and -15 V power supply connections force the output to remain near 0 V.
The right image shows a bug caused by incorrect equipment settings. An oscilloscope probe is
set to attenuate the signal by a factor of ten, while the oscilloscope expects an unattenuated
signal. This results in a measured gain that is one-tenth of the actual value. Fig. 2 shows the
correctly implemented Greinacher voltage doubler [7] using Schottky diodes and a circuit using
diodes with a larger voltage drop that prevents the expected output behavior. Detailed circuit and
exam format descriptions can be found in [8].

Students were randomly assigned one of the three debugging problems. Each test had a 15-
minute time limit, with the option to request an additional 15 minutes to continue debugging the
circuit if a student was not ready to submit their solution.

The test handout instructed students to identify circuit symptoms based on lab measurements, use
the symptoms to hypothesize potential root causes, and attempt to resolve the issue to restore the
expected circuit operation. Written responses and the research team’s observation notes were
qualitatively analyzed to identify key themes in the debugging skills of undergraduate ECE
students. Qualitative data analysis was conducted with a constant comparative method [9]. The
time to complete the exam and the performance parameters of the debugged circuit serve as
quantitative data sources for our ongoing research.
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Fig. 1: The functional non-inverting amplifier (left) and the resulting bugs from
misorienting the amplifier (center) and using the wrong oscilloscope probe settings (right)

Fig 2: The Greinacher voltage doubler (left) higil voltage drop diodes cause a bug (right)

Students were informed that the test was experimental and that declining data collection would
not affect their final grades. Consent forms were signed privately before taking the exam. Data
from students who chose not to participate were excluded from the analysis.

Results

In the Spring 2024 semester, of the students who agreed to participate, 26 were assigned the
flipped op-amp circuit. Trial runs of the 10x probe (2 students) and voltage doubler (1 student)
problems were conducted to evaluate their suitability for future debugging exams.

Table I summarizes the success rates of the three problems. Overall, 9 out of 29 students (31%)
successfully debugged their assigned circuit within 30 minutes. Of the 26 students who
attempted the flipped op-amp circuit, 8 (31%) successfully identified and corrected the bug. The
10x probe problem had a 50% success rate, with one student finding the problem almost
immediately while the other never considered the equipment as a source of error. The one
student who attempted the voltage doubler could not identify the problem.

The malfunctioning op-amp and equipment settings bugs were determined to be worth further
exploration in their current form. However, the research team concluded that the diode problem
was too difficult to solve within the time limit. Diode part numbers were illegible without a
vision aid. Students would need to characterize each diode and compare the results to the
datasheets for all diodes available in the lab to determine the appropriate diode for the circuit.



Table I: Student Success Rates for Four Debugging Problems

Success Rate
Problem Total Female Male
Misoriented Op-amp 8 /26 (31%) 3 /3 (100%) 5/23 (22%)
10x Probe 1/2(50%) N/A 1/2(50%)
Diode 0/1(0%) N/A 0/1(0%)
Total 9/29 (31%) 3 /3 (100%) 6 /26 (23%)

Student responses highlighted common trends in debugging mistakes. The most frequent issue is
attributing errors to a faulty resistor without exploring other potential causes. Students also
misinterpreted in-situ resistance measurements or the results of oscilloscope readings, leading to
flawed solutions. For more information on these themes, refer to [10]. Identifying these common
pitfalls informs the development of the debugging training curriculum to be implemented in later
research stages.

Gender Gap

Although the sample size is too small for definitive conclusions, data from the first group of
students suggests an emerging trend. All three female (100%) students successfully debugged the
misoriented op-amp circuit within 30 minutes, compared to 5 of 23 (22%) male students. Only
male students attempted the incorrect equipment settings and component specification problems.

Are female students better at debugging? It may be too early to tell. If this trend persists as the
sample size grows, we plan to investigate other potential contributing factors, such as final
course grades and composite GPAs, before determining whether a baseline difference in
debugging habits exists between male and female students. However, our ability to recruit a
more statistically significant number of female participants is limited, as students must be
enrolled in our university’s Fundamentals of Microelectronics course to participate. A
statistically significant sample will likely require several more semesters of data collection.
While further data is necessary for conclusive insights, preliminary findings support the need to
broaden female student participation in ECE. A wide range of debugging perspectives could help
mitigate the impact of "the schedule killer" in the semiconductor industry.

Conclusion

The results of the first semester indicate that our debug assessments identify gaps in students'
debugging skills. As we introduce targeted debugging skills training in the next research phase,
we will monitor trends across gender and other demographic categories to ensure the program
enhances debugging skills for all students.
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