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Abstract—One of the key goals as an educator is to stimulate the 
curiosity of students in order to instill a desire to further explore 
and learn the subject matter outside of the classroom.  Another 
important goal, often underemphasized, is to enhance the 
student’s ability to formulate questions relevant to the subject 
matter. In this paper, we describe a technique, called the 
Question Formulation Technique (QFT), which is well 
established in the K-12 environment, and elaborate on several 
ways in which QFT may be utilized to stimulate curiosity and 
hone question formulation ability in a core undergraduate 
engineering course, Electric Circuits. While many of the details 
of the QFT implementations are specific to the Electric Circuits 
course, the essential elements may easily be extrapolated to any 
core engineering course. 

Keywords—Curiosity; Self-directed learning; Curiosity based 
learning; Inquiry based learning; Question Formulation 
Technique (QFT); Electric circuits; Entrepreneurial mindset. 

I. INTRODUCTION  

In a general sense, stimulating the curiosity of students is 
one of the most important goals of any educator. If successful, 
the student will be motivated to continue learning and 
exploring the course material outside the classroom and find 
connections with other information or applications relevant to 
their careers or everyday life. Instilling curiosity motivates 
students to become life-long learners. However, curiosity 
alone is not enough for effective learning. 

Part of the learning process involves either assimilation of 
new information into the student’s cognitive model of the 
world (both physical and metaphysical), or an adjustment of 
the student’s cognitive model to accommodate the new 
information [1]. In either case, the student must cognitively 
interact with the information in order to learn it. As the new 
piece of information or subject matter challenges the student’s 
cognitive model of the world, questions naturally arise in the 
mind of the student in order to probe the subject matter. Some 
of these questions are answered during the cognitive 
interaction with the subject matter, while others may require 
yet more information. Hence, questioning is part of the core of 
the learning process. Indeed, question formulation is a 

fundamental tool in the research process and scientific method 
that continues to lead to the discovery of new knowledge and 
paradigms. 

Since question formulation is central to how we learn, it is 
critical for educators to utilize techniques that enhance the 
student’s ability to formulate germane questions. It is 
important for a student to be aware of what they do not know 
and be able to articulate it in the form of a question. Curiosity 
combined with the skill of question formulation not only 
motivates, but empowers students to become life-long learners. 

In this paper, we argue that the Question Formulation 
Technique (QFT), originally developed for the K-12 
environment by the Right Question Institute [2, 3], is a tool 
that can improve student curiosity and the ability to formulate 
relevant technical questions in core engineering courses. We 
describe several ways the QFT may be utilized in a core 
engineering course, with specific details describing how the 
authors have implemented it in Electric Circuit courses. 

The Electric Circuits course is a fundamental course within 
the Electrical and Computer Engineering curricula and is often 
a required course in other engineering disciplines (e.g., 
Mechanical, Biomedical, Chemical, or Civil Engineering). 
The topics of the course are often viewed by students as 
unfamiliar or abstract in nature. This leads to the underlying 
questions of this paper: How do we (as Electric Circuits 
instructors) stimulate the curiosity of our students to learn the 
fundamentals of electric circuit analysis, while also making 
the material more accessible to them? Furthermore, is it 
possible to train students to ask the thought provoking 
technical questions we would normally ask of them, in order 
for them to take ownership of course material? 

Part of taking ownership of course material involves 
choosing the questions they wish to investigate, and generally 
becoming self-directed learners. The QFT enables students to 
generate many questions, which makes the process of 
choosing research questions easier for the student. The QFT is 
student-centered and semi-guided, which we claim make it a 
tool of Curiosity-Based Learning (CBL). CBL is a 



pedagogical framework, similar to Inquiry-Based Learning, 
that aims to stimulate student self-reliance and self-directed 
learning [4].  

QFT applies three modes of thinking to engage students to 
formulate their own questions. First, divergent thinking is 
applied along with four cardinal rules to a question 
formulation exercise, centered on a pithy and germane 
question focus, called the QFocus, created by the instructor. 
Second, convergent thinking is applied to improve the clarity 
and direction of the generated questions, and to prioritize the 
more relevant questions generated. The instructor should 
devise an underlying purpose for the generated questions to be 
applied at this point. This is the step that allows for a variation 
of application of the QFT. Finally, an optional metacognition 
step is applied to reflect on the QFT process in order to 
improve student awareness of the importance of question 
formulation. 

If used correctly, the QFT can be a powerful tool to 
stimulate student curiosity for research or design projects, or 
simply to help motivate one of the topics of the course. One of 
the keys to the success of the QFT is the nature and precise 
wording (or associated images) of the QFocus [2]. It is 
important for the QFocus to be declarative, imperative, or 
exclamatory in nature, rather than interrogative (i.e., a 
question). The QFocus is more effective if it is familiar and 
provocative, since a provocative QFocus will tend to elicit 
more questions than one that is either obvious or completely 
unfamiliar to the student. Another contribution of this paper is 
a list of QFocus statements for many of the topics typically 
covered in an Electric Circuits course. 

The paper is organized as follows. Section II describes the 
QFT framework in detail.  Section III details the applications 
of the QFT the authors have explored when teaching Electric 
Circuits.  Finally, Section IV provides some reflections and 
conclusions on the implementation of QFT in Electric Circuits 
and other core engineering classes. 

II. QFT FRAMEWORK 

Developed by the Right Question Institute [3], the 
Question Formulation Technique (QFT) is a step-by-step 
process that helps students learn how to produce their own 
questions, improve them, and strategize on how to use them. 
A fundamental assumption of the QFT is that students learn 
and retain knowledge better when, fueled by curiosity, they 
ask their own questions, and use them to drive their learning.  

The QFT has been used as a popular pedagogical 
technique at the K-12 level [2]. At the higher education level, 
QFT technique has been successfully used in improving 
student competencies in a Mathematical Modeling course [5]. 
It has also been used to improve student’s ability to formulate 
carefully considered, evidence-based conclusions by locating 
and critically evaluating relevant information [6]. 

The QFT process starts with a Question Focus (i.e., 
QFocus). The QFocus can be a statement, an image, a quote, 
an object or anything else as long as it has a clear focus, 
stimulates student thinking on the desired topic and provokes 
students to ask questions – lots of them. The QFocus becomes 

the theme on which the students explore and begin asking 
questions. The more provocative or outrageous the object, 
image or statement the more questions it will generate. For our 
work, we designed a number of QFocus statements specific to 
electric circuits, detailed in Section III. 

Using guidelines from the Right Question Institute [3], and 
Dan Rothstein and Luz Santana’s book [2], we gave students 
the following four rules (prescribed in [2]) for generating their 
questions and asked them to spend between 5 to 20 minutes 
“question storming”. 

1. Ask as many questions as you can; 

2. Do not stop to discuss, judge, or answer any of the 
questions;     

3. Write down every question exactly as it was stated; 

4. Change all statements into questions; 

Since students are typically used to “brainstorming” ideas, 
these guidelines are critical to the success of the exercise. We 
find that brainstorming sessions are typically dominated by a 
few members of the group and that initial ideas tend to set the 
tone for the remaining ideas that emerge from other members 
of the team. In “question storming” sessions, forcing students 
to not discuss or pass judgement and requiring that the 
questions be transcribed exactly as stated helps create a safe, 
inclusive, and judgement-free space for all students. At this 
point, the goal for the students is to just ask questions – free 
from the burden of the “good question” or dominant 
personality.  

Before initiating the QFT brainstorming session, it is 
beneficial to review the overall QFT framework with the 
students, and it is critical to go over the four cardinal rules 
described above along with the reasoning behind why they are 
used.  It is helpful to implement a group reflection activity, 
during which the student groups discuss the four cardinal 
rules, identify the challenges that make it difficult to adhere to 
the rules, and focus on the benefits of using the rules. We 
recommend creating a worksheet similar to the examples 
outlined in [2]. This exercise only needs to be done the first 
time the students are introduced to the QFT framework, and 
requires about 15 minutes of class time. Subsequent uses of 
the QFT framework only require a quick refresher of the four 
cardinal rules along with the steps of the QFT framework 
(requiring no more than 3 to 5 minutes). 

Once the questions are generated, we ask the groups to 
spend at least 10 minutes to go through the questions and 
refine them as necessary. While refining, we ask students to 
identify questions that could be answered easily with a few 
words or a simple “Yes/No” response. These closed-ended 
questions might be of great value in certain situations, but are 
not as useful for our desired next steps in using the questions. 
Thus, we require students to rephrase closed questions to 
make them more open-ended and, therefore, useful for 
exploration. 

After refining the questions, we ask students to review the 
entire list of questions, work together to prioritize the 
questions, and select the top three questions to use in the next 



steps. For our class, we offered students a few (out of many) 
possible options for prioritizing questions: 

• Choose the 3 most important questions. 

• Choose the 3 questions that interest you the most. 

• Choose the 3 questions that will help you best design 
your solution to the assigned project. 

• Choose the 3 questions that move you toward your 
purpose. 

We have allowed student groups to pick any three 
questions as long as they explain why they chose the specific 
questions. Overall, the entire process proceeds with minimal 
(to no) interaction between the students and the instructor. 
This lack of instructor involvement is essential as it eliminates 
potential bias or topical authority. Moreover, the instructor’s 
intervention may stifle the question formulation process, if 
students become too focused on obtaining the “correct” 
question.   

III. APPLICATIONS OF QFT IN ELECTRIC CIRCUITS 

The QFT framework outlined in Section II is described in 
detail in [2], with concrete reasoning provided to justify the 
specific details of the QFT construction. The aspects of the 
QFT that make it flexible to fit a given topic and underlying 
purpose are the QFocus and the follow-up exercise or project, 
which makes use of the questions generated in the QFT 
process. In this section, we describe the specific QFocus 
statements we have generated for electric circuit topics and 
describe some of the ways students have used the generated 
questions. Specifically, we describe a set of research projects 
and topic motivation exercises that make use of the QFT.  

A. Research Projects  

At the University of St. Thomas, the QFT was used to 
motivate student curiosity in the form of course research 
projects. A total of four QFT research projects were assigned. 
The course had a total of five accumulative topical exams 
(with no final exam), four QFT research projects, a set of labs, 
and daily learning exercises (not “homework”) designed to 
emphasize and strengthen key concepts. Each QFT research 
project had the same weight as an exam in the calculation of 
final student grades in order to highlight the importance and 
seriousness of the activity. 

Students were required to form groups containing four to 
six students. For the initial project, students were allowed to 
self-select. On the second project, the groups were instructor-
selected. On the final two projects, students were allowed to 
self-select, but could not duplicate their original group. The 
scheme for selecting groups had no major impact (good or 
bad) on the quality of the research projects, as the rules for 
using the QFT adequately support the individual student and 
enable the group to flourish, regardless of the group selection.  

Each research project began with a QFT question forming 
session guided by a QFocus. The beginning of each QFT 
question forming session was held in class, including the 
question generation process, but the remaining portions of the 

QFT, such as question prioritization and research, were 
required to be done outside of class by the students. The top 
three questions selected were used as research questions.  

Students were given between one and two weeks to 
research the answers to the questions. Our hope was that 
students would do a literature search, learn how to do research 
and seek their own solutions to queries that arise during the 
process. Hopefully, these skills acquired during the QFT-
based research projects will help the students seek and find 
answers to questions that arise during the rest of their 
Electrical Engineering education and beyond.  

The main deliverable for the project was a paper 
summarizing the research questions and answering those 
questions with documented references. In addition, students 
were asked to reflect on the questions they raised, the answers 
they found and the overall QFT-based research process. 
During the reflection, students engaged in metacognition. In 
[7], the authors attribute metacognitive practices to increasing 
the degree to which students transfer their knowledge to new 
settings and events and how students draw connections from 
their other vast experiences. 

The QFocus statements for the four research projects were 

1. Ohm’s Law is a lie. 

2. y=mx+b is not linear’ity. 

3. PHASORS–The EEs weapon of mass production 
(associated imagery included the starship Enterprise 
from Star Trek, pictures of grids, microgrids, circuits, a 
sine wave, a differential equation, and military defense 
technology). 

4. Op Amp Oscillators–Amazing. (associated imagery 
included images of feedback block diagrams, classical 
transistor radios, and imagery from chaos theory)  

The topics covered in the research projects by each 
QFocus, respectively, are: basic circuit laws, linearity and 
superposition, sinusoidal steady-state AC circuit response, and 
operational amplifiers. 

Probably the most provocative of the four Q-Focus 
statements is the first. This project was assigned during the 
first week of the semester. The students in the course had just 
concluded their Physics-II course the prior semester with 
general understanding of Electricity and Ohm’s Law. The goal 
of this project was to get the students to dive deeply into 
Ohm’s law and understand it as an approximation rather than a 
law or theorem with a proof. Since the Electric Circuits course 
primarily deals with circuit analysis of linear elements, we 
want the students to learn based on their own research that 
there are other elements that will be explored in subsequent 
courses where a simple linear relation between voltage and 
current does not work. To convey a sense of how a 
provocative QFocus can elicit interesting and deep questions 
from students, consider the following sample of generated 
student questions:   

Who was Ohm? What is Ohm's law? What constitutes a 
law? Does Ohm's law have a reliable proof? Can we trust the 
outside source telling us Ohm's law is false? Why is Ohm’s 



law commonly accepted, if it is false? What gives this outside 
source authority to tell us Ohm's law is wrong? What other 
theories and laws are incorrect? Why does Ohm's law work 
experimentally? What constitutes a lie? What if Ohm's law is 
true? Why would someone tell us that Ohm's law is a lie? Is 
Ohm's law an extension of the Work-Energy theorem? Why 
are we the first to know about this huge lie? Why does this 
project seem similar to that of a philosophy course? How 
accurate is the Ohm's law approximation? Are there other 
"approximations" we trust and use like "laws"? How can we 
approximate I, V and R in places where Ohm's law is 
inaccurate? How should we trust any of the laws and 
theorems in physics and engineering? How should we go 
about discovering the truthfulness of electricity? Can we 
understand electricity at all? 

Another provocative statement is the second QFocus listed 
above. The goal of this project was to use the familiar 
equation of a line to stimulate thought and questions about the 
concept of linearity and the principle of superposition. This 
project produced the most interesting research and reflections. 
Most students commented that they never imagined how deep 
they had to go to obtain the answers to their questions because 
they had always considered y=mx+b to be linear. Below is a 
sample of the questions generated by the students:  

What is the definition of linearity as it pertains to 
mathematics, engineering etc.? How are uniqueness and 
linearity related (or not)? What are the assumptions made 
proving something is linear? What are the conditions for a 
linear circuit?  How does linearity help us in our analysis of 
electrical circuits? How do real components vary from the 
linear models we use in analysis? If y=mx+b isn't linearity, in 
what form should an equation be to be considered linear? If 
y=mx+b is nonlinear, how can we make a linear 
approximation? How can the assumption that y=mx+b is 
linear affect our models of linear circuits? Why are we taught 
at a young age that y = mx + b is linear? What does a linear 
line look like in Homogeneous Coordinates? Why does 
linearity have a slightly different meaning between fields of 
study including mathematics? How do linear approximations 
change the results of circuit systems? Are there different 
scenarios where linear approximations can be made and when 
they cannot be made? What happens to a nonlinear and non-
unique component in a circuit system? Does it not work? Is it 
not efficient? 

Student curiosity was amplified by the QFT process and 
motivated students to dig deeper into the concept of linearity 
and its relation to circuits more than we have ever experienced 
with first and second year students. One group even went 
further beyond our expectations and read a journal article 
about chaos theory and jerk circuits [8]. This student group 
noted, “One direction that our questions led us was to more 
questions. We found many other interesting things somewhat 
related to linearity. For example, some of us were led to chaos 
theory and the non-linearity of jerk circuits.” 

B. Topic Motivation  

At Ohio Northern University, the QFT was used as a 
means to motivate two of the topics of the Electric Circuits 

course. Students generated questions on the topics, and in the 
first case, the instructor compiled the questions from all 
groups, answered them, and then used a portion of the 
subsequent class period (approximately 25 minutes) to 
summarize the questions and answers. In the second instance, 
the students were asked to research the topic of each of their 
questions and answer them briefly in under a page. In the 
second case, students were also asked to reflect on the QFT 
process as a whole. Since the instructor learned of the QFT 
framework from the other authors after the start of the 
semester (and hence nothing about QFT was mentioned in the 
syllabus), the follow-up exercise was offered as extra credit. 

The two topics motivated by the QFT were transient 
response analysis of first-order circuits and root-mean-square 
(rms) values, also called effective values. The QFocus 
statements used for each topic, respectively, were: 

1. For an RC circuit, forever is just five time constants 
away. 

2. AC is effectively DC if effective values are used. 

It is helpful if the QFocus has elements to it that are 
familiar and provocative. The first QFocus is a loose play on 
words from the familiar song “Tomorrow” in the play Annie: 
"Tomorrow, you're always a day away". It is also meant to be 
provocative by equating the notion of forever with a finite 
length of time, which is of course normal for the analysis of 
continuous-time dynamic systems. The second QFocus uses 
repetition of the word “effective” in different contexts to elicit 
thought and questions. 

For the use of QFT in topic motivation, the timing of when 
the QFocus is introduced is very important. If the QFocus is 
given without any introduction to the topic, students will know 
nothing about the topic of the QFocus. Conversely, if the 
QFocus is given too deep into the coverage of the topic, then 
students will focus too much on the information that has been 
already presented about the topic, which similarly stifles the 
question generation process. Further, the QFT will not be as 
useful for motivating the topic if too much information about 
the topic is covered beforehand. It is important to strike a 
balance so that students have been exposed to some basic 
information about the topic, preferably in an interactive hook. 
The key is to design the QFocus to target their knowledge gap, 
which elicits curiosity [9]. 

For the first QFocus statement considering transient 
response analysis, we had already covered analysis of DC 
resistive circuits as well as the basic functionality and current-
voltage characteristic of capacitors. During the class in which 
the QFocus was introduced, we looked at the governing 
differential equation of a series RC circuit with the output 
taken as the voltage across the capacitor. We showed the form 
of the solution to this differential equation, and described it in 
terms of an analogy with fluid flow into and out of a storage 
tank. Finally, we introduced the notions of transient response, 
steady-state response, and time constant using the analogy. 
The analogy and aforementioned relation to RC circuits was 
covered on the same day in which the QFT was used, so 
students did not have the time to fully encode these concepts 
into memory. Hence, we feel the QFocus was well placed to 



target their knowledge gap, elicit curiosity, and enable them to 
generate many interesting questions. A sample of the 
questions generated is given below. 

What does it mean by away? Away from what? What is 
forever in an RC circuit and how can it be measured? What is 
a time constant and how do you measure that? What is the 
time constant in relation to this circuit? What is the voltage 
across the capacitor when the circuit is closed, and what is the 
voltage when the circuit is open? What are the units for each 
element of the circuit? Is there anything that needs to be 
calculated from the given statement? Why five time constants 
to reach “forever”? What happens after five time constants? 
What if R or C are 0 or infinity? How can the 5 limit be 
applied to circuits other than RC? What values can we 
measure from an RC circuit and what do they tell us? How do 
RC circuits apply to mechanical engineering? What are the 
properties/characteristics/specifications of components of an 
RC circuit? 

For the second QFocus considering rms values, we 
introduced the concept of effective values showing that the 
rms value of a periodic voltage waveform is the corresponding 
DC value of voltage that would equate the AC average power 
absorbed by a resistor given the periodic voltage waveform 
across the resistor to the DC power absorbed by the same 
resistor. We then showed the special case of the rms value of 
sinusoidal waveforms and used the concept of effective value 
to demonstrate the functionality of pulse width modulation 
(PWM) to control the speed of a DC motor. The QFocus was 
introduced after the discussion of PWM control of a DC 
motor. Some of the questions generated by students are given 
below. 

If we can effectively use DC or AC, why don’t we always 
use DC? How can we find average DC or AC power? After 
getting the effective values, can we go back to AC values? 
What are effective values? What are the differences between 
AC and DC? Why is it valuable to have AC be DC? What 
things from DC apply to effective AC? What if effective values 
aren’t used? What application does this have to circuits? 
What makes AC effectively DC? How could this QFocus 
statement work the other way around? Is there more than one 
set of effective values, and if there are, what are they and how 
do you find them? Does this hold true at extreme values and if 
they don’t, then what do we do? Are there any drawbacks in 
using effective values with AC? How do you modulate pulse 
width? How do you change the duty cycle? Are we essentially 
modeling an AC circuit as a DC circuit? 

IV. REFLECTIONS AND CONCLUSIONS 

We decided to implement the QFT in our classes to use 
questioning as a way to promote student curiosity. We found it 
accomplished more than that. The QFT is an excellent way to 
promote student curiosity, creativity, critical thinking and 
teamwork. This technique allows young engineers to practice 
both divergent and convergent thinking, which are so critical 
to their future success. The act of producing questions freely 
with a group of other students encourages divergent thinking 
in the students. Closely examining the questions that they have 
generated themselves, classifying those questions as closed or 

open-ended and analyzing which questions to prioritize 
promote convergent thinking.  

A pleasant surprise we found when implementing the QFT 
was that when the quest to find answers to the initial questions 
lead to more questions, first and second year students do really 
go beyond what we traditionally expect of them. We were 
pleased to see our students search for and read journal articles. 
We were glad to hear about their trips to library research 
stacks and meetings with the research librarians. We were 
excited, for example, to see the students discover Maxwell’s 
equations in their investigations of Ohm’s law; to see the 
students go through the different stages of enlightenment as 
they tackled the notion that y=mx+b was not linear; to see 
them research linear and nonlinear devices and come up with 
their own answers to why real components vary from the 
linear models they had seen in their books; to see them draw a 
connection between their love for music to the operational 
amplifiers and their first “aha” moment about how they were 
already capable of building circuits to remove pesky noise that 
creeped into good music. For the topic motivations, we were 
pleased that many of the questions asked led to the next topics 
covered, which made students more engaged with the class 
material. We were particularly excited as students reflected on 
how they were going to remember this beyond the exams. One 
student wrote in his reflection, “I retained the most by 
researching the questions my mind was most curious about 
because that is the information that my mind really wanted”. 

We emphasize again that the nature of the QFocus is key 
to stimulating the curiosity of the student and enabling the 
question generation process. To stimulate thought, the QFocus 
should be pithy, provocative, and familiar to students. It 
should target the desired subject matter and ideally illuminate 
the knowledge gap of the student and drive the student to want 
to explore that knowledge gap. The exact form of the QFocus 
is the primary component of the QFT the instructor fully 
controls. The rest of the QFT process is constructed to be 
primarily student-driven, and should remain student-driven.  

One example of a QFT exercise the first author has 
implemented that was not as successful focused on the topics 
of the final exam. The QFT exercise involved several QFocus 
statements, where each QFocus was simply a list of a few of 
the topics covered in the class. The aim of this QFT exercise 
was to generate questions for the final exam review. In 
principle, the QFT is a useful tool in review situations, as it 
guarantees students have questions to ask during the review. 
However, given the poorly devised QFocus statements, the 
question forming process was noticeably more labored than 
the prior two experiences. While the topics were familiar, the 
QFocus was not provocative, nor interesting, and it did not 
target the knowledge gap of the student. Although far from 
ideal, this QFT exercise did generate many questions for the 
review. In summary, we recommend to give the QFT a try, 
even if the QFocus created the first time is not optimal. More 
tips, advice, and examples of QFocus statements may be 
found in [2]. 

Given that the QFT framework requires about 15 to 20 
minutes of class time to introduce, only about 5 minutes to 
refresh, between 5 and 10 minutes to generate questions, and 



between 5 and 10 minutes to prioritize them, it is a tool that 
can be used for any core engineering course without taking too 
much class time. If the framework can be introduced in a first-
year course, such as freshman orientation or introduction to 
engineering, then it will require even less time in the core 
engineering course. Based on our experiences, this time has 
been well worthwhile. Other examples of ways that the QFT 
may be used include: an introduction to a design project, 
generating questions for a guest speaker, or motivating a 
laboratory experiment. 

One important topic notably absent from this paper is 
assessment of the QFT beyond informal student feedback and 
our own anecdotal experiences.  We have made the case that 
QFT is grounded in Curiosity-Based Learning, but we have 
not assessed the extent to which the QFT has improved the 
student learning outcomes of the course. More rigorous 
assessment is left for future work.  

We leave the reader with a final quote from a student 
group reflecting on the QFT: “Acquiring an understanding of 
the original question necessitated we question everything, take 
every aspect of the subject apart and formulate a more 
complete understanding. Filling the gaps in our 
understanding naturally led us to formulate new questions to 
answer. We repeated this process several times until we 
ultimately uncovered as much of the truth as we could. We 
kept asking questions.” 
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