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Abstract
Using formal methods to evaluate software and hardware enhances
system reliability, which is crucial for safety-critical applications
such as airplanes and autonomous vehicles. Formal methods are
mathematical modeling techniques that can be used to verify the
safety of systems. The use of formal methods is limited in industry
due to a shortage of trained engineers. Educators in formal methods
often report that many students do not see the benefit of formal
methods and perceive the involved math as not worth the effort
for their future careers as software engineers. This study aims to
understand the current state of student beliefs and how using a
formal verification tool affects student motivation to learn about
formal methods. We used an Expectancy Value Cost Lite survey
to measure student motivation. Students completed this survey
multiple times while designing algorithms to control vehicles in
different scenarios, both with and without a formal verification
tool. We found that students in an autonomy class are motivated
to use formal methods. Although the findings are not statistically
significant, we observed a slight increase in motivation after using
the tool. Additionally, using a formal verification tool solely for
modeling may contribute to increased motivation. These results
suggest that incorporating tools into coursework may be a useful
step in motivating more students to study formal methods and enter
the workforce with these skills.

CCS Concepts
• Social and professional topics → Software engineering edu-
cation; • Theory of computation → Verification by model check-
ing.
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1 Introduction
Formal methods are a set of mathematical modeling techniques
that can be used to model the behavior of computer systems and
verify that the systems satisfy safety, functional, and design prop-
erties [23]. Their use is important for ensuring software safety
and quality. Despite past recommendations by the Association for
Computer Machinery (ACM), the Institute of Electronic and Elec-
trical Engineering (IEEE) and The British Computer Society (BCS)
that computer science programs should incorporate formal meth-
ods [23], the lack of engineers with enough training to use formal
methods is a limiting factor for their adoption in industry [6, 11].

Formal methods are not extensively taught as part of the core
computer science curriculum, and students generally lack interest
in the elective courses. Students find formal methods challenging
because advanced math and logic are often required, and the subject
is rarely taught in a beginner-friendly manner [6]. They also tend
to think that formal methods will not be useful in their career as
software engineers [1]. A student in our study even stated that
formal methods are “too theoretical and nowhere near interesting.”
Increasing student motivation toward formal methods is a crucial
first step in promoting their broader adoption in industry.

Our study tried to understand the current state of students’ be-
liefs about formal methods. It also tests the use of tools to alleviate
students’ concerns. Students’ lack of motivation to study formal
methods can be explained through Expectancy Value Theory [10],
which breaks student motivation into three key questions: “Can
I do the task?” (expectancy), “Do I want to do the task” (value),
and “How much time does it require?” (cost). We hypothesize that
tools can reduce the perceived cost of learning formal methods and
enhance their value to students, as tools are often proposed to help
students see the benefits of formal methods [22]. In this study, we
will evaluate the effectiveness of a homework assignment that uses
a tool called Verse to increase student motivation. Verse [16] is a
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tool that allows engineers to prove that their vehicle controllers are
safe, which means that the algorithm that controls the vehicle will
not cause it to do something unsafe. The tool is a Python library that
does not require students to have advanced mathematical modeling
experience.

In our experiment, we provide students with two vehicle sce-
narios for which they will design a safe controller. Students model
their scenario within Verse. Students will solve one problem only
testing their controller, and the other problem using the formal ver-
ification features of Verse. Between solving the problems, students
will take the Expectancy Value Cost (EVC) Lite Survey [22]. We
seek to answer the following research questions:
RQ1: To what extent are students in an upper-level engineering
course motivated to use formal methods?
RQ2: How does using a formal methods tool change each compo-
nent (expectancy, value, and cost) of students’ motivation to study
formal methods?
RQ3: To what extent are students motivated by using a formal
verification tool compared to completing the assignment without a
formal verification tool?

Our study finds that students who study autonomy have some
motivation for studying formal methods. The mean EVC Index was
0.7 out of 1. This result differs from educators’ experience of low
motivation [26]; however, our studywas performedwith students in
a safe autonomy class who are more likely to be motivated. General
computer science students are likely less motivated. We also find
that giving students assignments that use formal verification can
increase their motivation. While we were unable to find significant
results, this study is a step toward changing students’ minds about
the importance of learning formal methods.

2 Background
2.1 Formal Methods
Formal methods are mathematical modeling techniques that are
used to model the behavior of systems and verify that the system
satisfies the desired requirements [23]. These techniques span from
light-weight static analysis to interactive theorem proving with
the shared goal of addressing the “need for precision and rigor
in modeling and analyzing computer systems and software” [24].
Formal methods are useful for ensuring software quality, reducing
costs, and fully understanding the behavior of systems [6, 13, 17].
Learning formal methods is also beneficial for students because it
teaches abstraction and supports algorithmic problem solving [17,
24].

Formal methods have achieved widespread acceptance in the
context of safety-critical systems because these settings require
high standards of safety [9, 11, 24]. However, formal methods apply
to many other areas of computer science. At least 17 of ACM’s
computer science knowledge areas would benefit from connections
to formal methods such as algorithmic foundations, architecture,
artificial intelligence, software engineering, and cybersecurity [24].
As society grows more reliant on computing, formal methods are
more relevant than ever in these application areas [11, 17]. Educat-
ing students about the practical applications of formal methods is
an effective way to increase their use in industry [17].

Despite the importance of formal methods and their application
to many areas in computer science, the curriculum rarely exten-
sively covers formal methods [6]. Many experts believe that formal
methods are not given enough attention at the university level, and
a lack of training in formal methods by engineers limits their use
in industry [11]. We see several key challenges that may contribute
to the lack of education in formal methods.

Skepticism by students is one of the biggest challenges when
teaching formal methods [26]. Many studies find that students are
concerned about the usefulness of formal methods and struggle to
see their practical applications [1, 5, 12, 18, 19, 25]. This perception
may be caused by formal methods not being introduced in early
classes [13].

Students tend to perceive formal methods as difficult because
they require advanced mathematics and lack beginner-friendly
tools [1, 6]. Formal reasoning is often not introduced until later
classes and only in pure logic courses [13]. Formal methods can be
taught in beginner-friendly ways. Jaume and Laurent proposed a
curriculum for teaching formalmethods alongside discretemath [13].
Additionally, running a tool and seeing concrete results may make
formal methods more accessible [6], and using a general language
like Python can further simplify the material [26].

Although experts believe that tools may improve students’ per-
ception of formal methods, to our knowledge, few studies formally
survey students about their perceptions and often evaluate tools
after the courses end. This study seeks to understand the state of
students’ current motivation and whether a tool, written in Python
and intended to be easy to use, can increase their motivation.

2.2 Student Motivation
Motivation, specifically how much value someone finds in an
activity, is strongly linked to the action of approaching or avoiding
the activity [10]. Therefore, this study tries to increase motivation
to encourage students to study formal methods. One of the many
cognitive theories of motivation, Expectancy Value Cost (EVC)
theory [2, 15] explains that motivation is made up of three factors:
expectancy, “Can I do this task?”, value, “Do I want to do this task”,
and cost, “How much effort and time does this task require?”. These
three factors impact students’ motivation or the amount of effort
they put into an activity.

We chose EVC Theory to model student motivation because stu-
dents’ concerns with formal methods mirror the three components
of the theory. Instructors describe students as perceiving formal
methods with low expectancy and value and high cost. We will use
the EVC Lite Survey [22] to evaluate student motivation because
we ask the participants to take the survey multiple times. EVC Lite
has fewer questions than earlier EVC surveys while still being able
to assess motivation. The survey was also developed for students
to take several times during a course, and the participants will take
the survey multiple times.

2.3 Increasing Interest in Formal Methods
Several methods have been proposed to increase student interest in
formal methods. cs4fn (Computer Science for Fun) is a program that
finds unique ways to excite school-aged children about computer
science and advanced computing topics like formal methods [8].
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cs4n uses magic tricks to introduce children to the theory of formal
methods. In contrast, our goal is to show students the value and
applications of formal methods.

Other methods have been proposed to improve the teaching of
formal methods at the university level. FormalZ [19] allows stu-
dents to practice writing formal specifications in a deeply gamified
environment with leaderboards and badges. Students in a Software
Testing and Verification course at Utrecht University were on av-
erage positive or neutral about enjoying the game. Puzzles have
also been proposed as a way to teach the uses and limitations of
modeling checking [21], and a visualization tool called Kalkulier-
baR [14] has been proposed to increase student engagement with
proof calculus as a serious game.

Another approach to increasing student motivation in formal
methods is to avoid isolating it from practical applications and
introductory programming. Blanco et al. developed an entire pro-
gramming course centered around a formal methods approach [4].
They found that students often wrote well-structured programs in
later courses, but the average student became too mechanical in
their reasoning about programs.

Maude [7], a rewriting logic tool, is proposed as an effective tool
for teaching formal methods because it allows students to use a
familiar functional programming style of modeling [27]. The course
using this tool was not evaluated outside of standard university-
wide evaluations; however, most students rated the course as “Very
good” and called Maude exercises “entertaining”. Verse, the tool
we use in this study, has similar benefits to Maude. Additionally,
students do not need to learn a new modeling language as Verse is a
Python library, and our study directly evaluates student perceptions
of the tool.

3 Verse - A Tool for Formal Verification
Verse [16] is a tool that was built to be a low-cost solution for for-
mal verification. Some formal verification tools require learning a
new modeling language or understanding advanced logic. Verse is
written as a Python library and was created for engineers with-
out formal methods experience. The tool is used to model vehicle
scenarios such as cars in traffic or drones flying around each other.

Formal verification is a formal method that mathematically en-
sures that system designs preciselymeet a functional requirement [3].
They require (1) a correct model of the system, (2) a description
of the environment the system operates in, and (3) a property the
system must fulfill or a requirement. This property is often a safety
requirement. Without formal methods, checking that the require-
ment is met can be done with testing for violations; however, testing
offers no guarantee because cases may be missed. One formal verifi-
cation method is called reachability analysis, where every possible
state of the system and environment is checked for requirement
violations.

Controllers in Verse are Python functions that implement the
algorithm that decides when a vehicle should brake, accelerate, turn,
etc. In formal verification, the controller is the model of the system
intended to meet the specified requirements. In Verse, a user only
needs towrite a Python function that takes in the current state of the
vehicle and makes a decision for the next move. Requirements are
specified in Python using the assert keyword within the controller

Degree Program Count
BS Electrical and Computer Engineering 28
BS Computer Science 6
BS Physics 2
BS Aerospace Engineering 1
Graduate Students 20

Table 1: Degree Makeup of Participants

source code. The user supplies the assert statement with a boolean
expression. The expression evaluates whether the property the user
is verifying is true given the state of the vehicle.

Scenarios in Verse are used to define the environment in which
the vehicle is operating. For example, a scenario for a vehicle in
traffic would include the controller for the vehicle, controllers for all
other vehicles, a map of the road, and a set of starting states for all
the vehicles. To define a scenario in Verse, users import controllers
and maps and define starting states for each controller.

Verse’s most powerful feature is its reachability function. The
reachability function can prove that the vehicle will never violate
the requirement or find a counterexample. Reachability provides
more guarantees than testing because it shows that every starting
state cannot eventually violate the property. In addition to reacha-
bility, Verse can also simulate the scenario using the controller and
test the controller from a finite set of starting states.

4 Experiment
4.1 Setting
Participants in this study were students in an upper-level engineer-
ing elective course, Principles of Safe Autonomy. The course teaches
algorithms for autonomous systems and uses software tools and
a full-sized car to test student implementations of the algorithms.
The first assignment in Principles of Safe Autonomy is a short
answer and coding assignment where students must design two
controllers for two different scenarios using Verse. Verse is the first
tool students worked with. The students had lectures on safety and
perception before the assignment was due.

Our study added four additional surveys to the assignment to
assess student motivation to use formal methods throughout the
assignment. 57 students consented to the study and completed all
surveys. 28 participants were undergraduates in Electrical and
Computer and Engineering. The remaining majors are shown in
Table 1. Most students identified as having extensive experience
with software engineering. In contrast, many students said they had
no experience with formal methods. Table 2 shows that over 85%
of students have no experience in formal methods or only learned
about them as a part of a course with other topics.

The instructor for this course is not involved in the research
team, and students were assured that their grades would not be
impacted by their survey responses. Members of the research team
attended class to give a demonstration of Verse. One teaching assis-
tant for Principles of Safe Autonomy was on the research team but
did not have access to individual survey responses.
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Experience Count
None 30
Learned about formal methods in a non-FM course 23
Taken a formal methods class 2
Used formal methods for a project 2

Table 2: Formal Methods Experience Level for Participants

4.2 Assignment
The assignment included two design problems where students are
provided a scenario, safety requirements, and an unsafe controller
written in Verse. Students were required to design a safe controller
that meets the requirements for each scenario. For example, the
first scenario is a car driving down a road while a pedestrian crosses
the street. The safety requirement is that the vehicle should never
hit the pedestrian. Students get points for making their vehicle
controller safe with larger starting states. Students also earn points
by making their vehicles move as fast as possible while maintaining
safety.

The second scenario required students to design a controller
for a vehicle approaching a stoplight. Students earned points for
getting through the stoplight quickly without running a red light.

Students used testing or verification features of Verse to help
check if their controller is safe. Students could also simulate their
controller in the scenario. Using these features, students could
debug their design and check if it worked. Finally, students were
asked to show evidence that their design was safe.

4.3 Treatment Groups
Students were randomly assigned to the A and B groups, with 30
participants in Group A and 27 in Group B. To solve the design prob-
lems described in Section 4.2, groups were given only a subsection
of the functionality of Verse. Group A could use only testing fea-
tures of Verse to check if their first design would result in unsafety.
For their second design problem, they could also use the formal
verification method within Verse, reachability analysis. Group B
completed the same design problems, but using verification for the
first problem and testing for the second problem. The flow of the
assignment and surveys of both groups is shown in Figure 1.

Because students completed two design problems of approxi-
mately the same difficulty with each condition, we considered this
study fair for students completing the assignment for a grade. This
study was approved by the University of Illinois’s IRB.

5 Method
5.1 Data Sources
Survey data was collected multiple times throughout the assign-
ment. Participants were surveyed before the assignment, after com-
pleting their first design problem, after completing their second
design problem, and after completing the assignment, where they
were asked to reflect on their overall experience. In each survey, par-
ticipants were asked questions from the Expectancy Value Cost Lite
Survey[22] on a 5-point Likert Scale (Strongly Disagree to Strongly
Agree). The survey was modified to ask about formal verification.

Pre EVC Lite Survey
All Participants

Problem 1 with Testing

EVC Lite Survey

Problem 2 with Verification

EVC Lite Survey

Problem 1 with Verification

EVC Lite Survey

Problem 2 with Testing

EVC Lite Survey

Post EVC Lite Survey

Group A Group B

Figure 1: Order of Assignment and Surveys for Treatment
Group A and Group B

Q1: I can learn how to use formal verification and have success
using it in design.
Q2: I can understand and learn formal verification.
Q3: Formal verification is useful during program/code design.
Q4: I understand the importance of formal methods during pro-
gram/code design.
Q5: Formal methods require a lot of time and I have to give up
doing other activities.
Q6: I don’t have time to use formal methods.
Open Ended: Is there anything else you would like to share about
your experiences with formal methods?
For this study, we focus mainly on the motivation questions. The
surveys contained other questions about the usability of the tool,
demographics, and open-ended questions about their experience.

5.2 Data Analysis
Using the survey items from Section 5.1, we computed the Expec-
tacy Index (EI), Value Index (VI), Cost Index (CI), and Expectancy
Value Cost Index (EVC Index) as follows, as described in by Schoeffel
et al. [22]:

𝐸𝐼 =
Q1 + Q2 − 2

8
(1)

𝑉 𝐼 =
Q3 + Q4 − 2

8
(2)

𝐶𝐼 =
Q5 + Q6 − 2

8
(3)

𝐸𝑉𝐶𝐼𝑛𝑑𝑒𝑥 =
𝐸𝐼 +𝑉 𝐼 −𝐶𝐼 + 1

3
(4)

These equations convert student Likert responses for each cate-
gory of EVC to an index between 0 and 1. When calculating the EVC
Index, we subtract CI because a lower CI is associated with higher
motivation. Therefore, high values of EI, VI, and EVC Index corre-
spond with high student motivation, while a high CI corresponds
to low student motivation.
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For each group, we use a Wilcoxon Signed-Rank test for paired
data [20] to evaluate the statistical significance of differences be-
tween: (1) EVC Indices before and after the whole assignment (both
problems), (2) EVC Indices before and after the test problem, (3)
EVC Indices before and after the verification problem, and (4) the
difference in EVC indices before and after testing versus verification.

6 Results

Figure 2: Expectancy Value Cost Indices throughout the as-
signment. Each point represents the mean index value for
each group before the assignment, after the first and second
problems, and after the assignment. Group A used verifica-
tion in design problem (DP) 2 and Group B used it in DP1.

Category Before
DPs

After
DPs Change p-value

Expectancy Index 0.669 0.717 0.048 0.116
Value Index 0.697 0.713 0.015 0.459
Cost Index 0.478 0.458 -0.02 0.712
EVC Index 0.629 0.657 0.028 0.167

Table 3: Student motivation before and after completing the
design problems

As shown in Table 3, before completing the assignment, students
had an average EVC Index of 0.629. They had an average EI of 0.669,
VI of 0.697, and CI of 0.478. Figure 2 shows that after the assignment,
EI, VI, and EVC Index increased or stayed the same, and the CI
decreased. As shown in Table 3, these changes are not significant.
However, between the two design problems, VI decreased for both
groups. For groupA, the EVC Index decreased after the first problem,
which they solved without formal verification. While for group
B, the EVC Index decreased after the final reflection survey. The
CI increased for both groups after solving the first problem and
decreased when solving the second. Group B had an increase in CI
in the final reflection survey.

Table 4 compares the change in motivation for both groups after
completing a design problem with and without formal verification.

Category Group Test
Change

FV
Change Difference p-value

Expectancy
Index

A -0.008 0.012 0.021 0.829
B -0.014 0.046 0.06 0.415

Value
Index

A 0.025 -0.008 -0.033 0.576
B 0.014 0.042 0.028 0.529

Cost
Index

A 0.058 -0.058 -0.117 0.202
B -0.088 0.005 0.093 0.403

EVC
Index

A -0.014 0.021 0.035 0.556
B 0.029 0.028 -0.002 0.878

Table 4: Difference in change of motivation for both groups
after problems with formal verification(FV change) and with-
out (Test change).

P-values for the change under both conditions were computed
but are not shown because they are all insignificant. While the
difference between the changes is also insignificant, we note that
for Group A, the change in EVC Index after completing the design
problem with formal verification was greater than without. Group
A’s change in EI increased, their change in CI decreased, and their
change in VI decreased. In contrast, Group B had a small decrease
in the change of EVC Index, due to an increase in the change CI
after completing the problem with formal verification. However,
they did have a small increase in change EI and VI.

7 Discussion

7.1 RQ1: Student Movitation Levels
We evaluate student motivation level using the EVC Index. The
mean EVC Index of participants in this study was 0.669. The index
is on a scale from 0 to 1 and represents how motivated students
are to study formal methods. A zero on the scale means a student
disagreed with every expectancy and value item and agreed with
every cost item in the survey in Section 5.1, while a score of 1 means
the opposite. We can interpret 0.669 as meaning that generally
students agree or are neutral that they can learn formal methods, it
is valuable, and they have time to learn it. The mean EI (0.669), VI
(0.697), and CI (0.478) all indicate that most students agree or are
neutral about the specific categories, although more participants
are neutral about having time to learn formal methods. This result
appears to contradict educators’ claims that students are skeptical
of formal methods and do not see their worth. However, given that
the participants were in a Safe Autonomy elective course, we would
expect them to have more positive feelings about formal methods
than the average student. Therefore, it is likely that students in other
computer science classes are less motivated than our participants.

The score of 0.669 is an exciting result that shows that when
students are in courses with clear connections to formal methods,
they have positive feelings towards formal methods. These results
indicate that students in these courses would be receptive to more
uses of formal methods. Advanced elective courses should consider
incorporating the use of more formal methods that students are
likely to have the motivation to learn. To the best of our knowledge,

191



ITiCSE 2025, June 27-July 2, 2025, Nijmegen, Netherlands Katherine Braught, Yangge Li, Katherine Driggs-Campbell, and Sayan Mitra

this is one of the first studies to evaluate the feelings of students
about formal methods before any treatment, and we have found
that many students can be motivated to use formal methods.

7.2 RQ2: Change in EVC Indices
To answer RQ2, we examine how Expectancy, Value, and Cost
Indices change during the assignment in Figure 2 and Table 3. Our
results show that student motivation after completing the entire
assignment increases insignificantly (0.028; 𝑝 = 0.167). The change
appears to be driven by an increase in EI (0.048; 𝑝 = 0.116). In
contrast, VI only increased by 0.015, and CI only decreased by
0.02. In Figure 2, we see that participants reported higher EIs after
reflecting on the whole assignment, but lower VIs. It is likely that
students may have reflected that they completed the assignment,
raising their EI; however, theymay have forgotten the value because
they were no longer struggling to write a safe controller. One reason
that we did not see major changes in motivation could be that
students in this course were already motivated, so using a tool was
not as impactful. We also note that prior research discusses that
many formal methods tools are not user-friendly or are difficult
to understand, which can deter students from employing formal
methods. Likely, Verse is not user-friendly enough for students to
receive the full benefits of working with a tool. Student feedback
about the assignment included that it was difficult to debug code
within Verse. Therefore, students’ Expectancy and Value Indices
may be higher, and their Cost Indices may be lower with a more
usable tool.

While these results show minimal changes after the assignment,
we are encouraged that student motivation did not decrease. The
student who called formal methods“too theoretical” at the start of
the assignment reflected that reachability analysis was helpful for
solving the problems. Therefore, we still consider using a tool a
good option for motivating students and showing them applications
of formal methods.

7.3 RQ3: Testing Versus Verification
To answer RQ3, we compare how student motivation changed
before and after the control, using Verse only as a testing and
simulation tool, and treatment, using Verse as a formal methods
tool. We believe that the order of the treatment versus the control
does matter; therefore, we analyze Group A and Group B separately.

In general, for both Group A and B, changes in motivation af-
ter testing and verification were small. The differences in these
changes were not significant. This is likely because students could
not distinguish between what parts of the tool were and were not
formal methods. However, this also indicates that students do not
need to use heavyweight formal methods to see their benefits. Even
showing students basic modeling may help motivate them to use
formal methods, which is much easier to incorporate into intro-
ductory classes. Therefore, instructors in computer science should
consider discussingmodeling and its relationship to formal methods
to encourage the widespread acceptance of formal methods.

Still, we see small differences in the change in motivation when
testing versus verifying their designs. For example, when using
testing, both groups’ EI decreased, but increased when using for-
mal verification. Using a formal methods tool increases students’

expectancy because they see that they can use formal methods. The
change in VI increases for Group B and decreases for Group A by a
small amount between testing and verification. An unusable tool is
a barrier for students seeing the value in formal methods, so it is
possible that the tool was not usable enough to impact this factor.

For cost, we see that Group A, which used testing first had a
decrease in cost only after using formal verification. Likely, these
participants completed the first design problem and understood
how tedious showing safety can be. Then, when they got to use
the formal verification tool, they realized how little time it took
in comparison to manually showing safety. In contrast, Group B
used formal verification first and were likely discouraged by the
time it took, resulting in a increase in the CI. However, once these
participants had to show safety without formal verification, they
realized that it is a low-cost solution. These results are shown
in Figure 2 as the cost increased after the first design problem
and decreased after the second. These changes may be related to
participants becoming familiar with the tool; however, a similar
result does not appear for EI or VI. Relatedwork claims that students
usually do not think formal methods are worth their time, despite it
being known by experts as a cost-effective way to increase software
quality. When compared to showing safety without a tool, we see
that students can learn that formal methods are low-cost. It may
be useful to demonstrate the time formal methods can save with
practical examples.

7.4 Treats to Validity
While this study is an important first step to understanding how
using tools can impact student motivation, it has several limitations.
First, the participants in the study are already taking a course in
safe autonomy, so they may be more receptive to trying formal
methods. We also had a small sample size due to many students not
completing every survey. We had little control over when students
actually took the surveys because they were contained within a
one-part homework assignment we asked students to complete in a
specific order. Most importantly, students may need more than one
assignment to see the full benefits of formal methods. Evaluating
students who use a tool for a whole semester or a large project may
be more enlightening.

8 Conclusion
We have shown that students studying autonomy are motivated to
learn formal methods. When surveying students as they completed
a homework assignment, we saw small increases in motivation
after using a formal verification tool. Future work should survey
the motivation of students in introductory classes to understand the
beliefs of most students in computer science and study the impact
of using other tools, particularly tools already used in industry.
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