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ABSTRACT
Introductory assignments in CS Theory ask students to construct
instances of various computationalmodels (such as finite automata,
regular expressions, context-free grammars, or push-down automata)
for a given language. Verifying the correctness of their model in-
stance is challenging for beginner CS Theory students since the
concepts are abstract and there are infinitely many possible inputs.
The popular JFLAP software allows students to visualize the run-
ning of their instance on a specific input. We recently developed
a server extension to JFLAP which checks whether a student’s in-
stance is equivalent to the instructor’s solution and, if not, it re-
turns a “witness string,” an input string on which the student’s
construction and the correct solution differ.

We report on comparing student performance and perceptions
in three course sections of CS Theory that differed in the tools
the students used for model-construction assignments: no-JFLAP,
vanilla JFLAP, and JFLAP+server (with immediate correctness check-
ing). In Spring 2022, 59 out of 86 students consented to include their
data in our research. We compared the performance of the three
sections on 28 questions (7 DFA problems, 2 NFA problems, 11
regex problems, 6 CFG problems, and 2 PDA problems). We found
that while the grades were comparable among the sections, the sec-
tion using JFLAP+server credited the instantaneous witness string
feedback with their increased understanding of the concepts.

1 BACKGROUND
JFLAP [2] visualizes how a student’s computationalmodel instance
processes a specific input, but it does not indicate whether the in-
stance correctly processes an entire language. Our server exten-
sion adds this equivalence checking to JFLAP. In a previous study [1],
we found that with only witness string feedback, students keep
resubmitting attempts until correct. However, the study was lim-
ited to only five homework problems, one per each computational
model, and did not study the effects of using just JFLAP (with-
out correctness verification). This work extends the study with
significantly more problems (28 in total) and adds a comparison
with JFLAP-only. In our setup, the no-JFLAP section did not have
any exposure to JFLAP, the JFLAP-only section had to create their
homework submissions using vanilla JFLAP (no feedback from the
server), and the JFLAP+server sectionwas required to use our server
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extension (getting the witness string feedback). We collected data
on student demographics, grades, Likert scale responses to sur-
vey questions, and free text responses. We asked the JFLAP-only
and JFLAP+server sections about their perceptions of the software
(JFLAP/JFLAP+server) they used, whether it helped them to solve
the homework problems, and whether it helped them to under-
stand the homework problems. We asked the JFLAP+server sec-
tionwhether andwhy they resubmitted to the server; whether they
think that allowing unlimited resubmissions until correct is a good
way to learn the concepts; and if a binary correct/incorrect grading
system should be used.

2 RESULTS AND DISCUSSION
Across the three sections, we found that the median grades for the
targeted homeworks were comparable: no-JFLAP had 22 students
withmedian grade of (95%±6%), JFLAP-only had 22 students with
median grade of (90% ± 7%), and JFLAP+server had 21 students
with median grade of (96% ± 6%).

Students in the JFLAP+server section (the only section with im-
mediate equivalence checking feedback) agreed that the software
helped them to solve and to understand the computational mod-
els. In response to the question, JFLAP+backend should allow users
to resubmit until correct, 21 students responded with 20 students
strongly agreeing and 1 student agreeing. Student responses to the
question How often did you resubmit until correct? were always (3
students), most of the time (13), about half the time (3), and rarely
(2). For the consenting students, therewere 629 pairs of (homework
problem, student), 528 of which converged to a correct answer for
the problem, leading to an 84% persistence-until-correct rate.

Student free-text responses about resubmission until correctwere
positive, e.g., sometimes [JFLAP+server] would inform me of some-
thing I overlooked and I was able to make the adjustments. Students
also wrote Resubmitting until correct allowed me to truly grasp some
of the concepts and It’s easy to miss little details in the design of the
automata, so it’s extremely helpful to get direct, immediate feedback.
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