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Abstract. We studied long-term retention of the concepts that introductory pro-
gramming students learned using two software tutors on tracing the behavior of
functions and debugging functions. Whereas the concepts covered by the tutor
on the behavior of functions were interdependent, the concepts covered by de-
bugging tutor were independent. We analyzed the data of the students who had
used the tutors more than once, hours to weeks apart. Our objective was to find
whether students retained what they had learned during the first session till the
second session. We found that the more the problems students solved during the
first session, the greater the retention. Knowledge and retention varied between
debugging and behavior tutors, even though they both dealt with functions, pos-
sibly because debugging tutor covered independent concepts whereas behavior
tutor covered interdependent concepts.
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Introduction. Researchers have studied interventions for improving long term reten-
tion of learning, such as data-driven examples (e.g., [1]), game-based environments
(e.g., [2]), task interleaving (e.g., [9]), spacing (e.g., [3]) and active construction of
digital artifacts (e.g., [4]). They have also attempted to incorporate retention into stu-
dent models (e.g., [10]) in order to be able to predict the performance of a student on
the next problem on a concept, when the problem is attempted a few hours, days or
weeks later.

In order to find out if students retained the concepts learned using a tutor over the
long term, in this observational study, we analyzed the data collected by two tutors
when students used them more than once, a few days or weeks apart, of their own
volition and on their own time. One tutor was on function behavior wherein students
were asked to identify the output of a program and the other was on debugging func-
tions wherein students were asked to identify bugs in a program. Both had reified
interface [11], making it hard to guess the correct answer. The tutor on function be-
havior covered ten concepts: four on function call, two on function definition and four
on parameter passing. The concepts are interdependent, i.e., a student who learns
one parameter passing concept is likely to be able to solve problems on other parame-
ter-passing concepts correctly. The tutor on debugging functions covered nine con-
cepts: three on function call, four on function definition and two on parameter pass-
ing. The bugs are independent, i.c., knowledge of one bug is unlikely to help a stu-



dent solve problems on another bug correctly. The tutors presented isomorphic prob-
lems generated as randomized instances of parameterized templates which are still
challenging for novices [5, 6]. So, students saw different problems each time they
used the tutors.

The tutors administered pre-test-adaptive practice-post-test protocol every time
they were used [7]. The pre-test was used to prime the student model. Practice was
provided on only the concepts on which the student solved a pretest problem incor-
rectly. Practice was provided on a concept until the student had mastered the concept
by solving a minimum number and percentage of problems correctly. Post-test was
presented on only the concepts mastered during practice. Pretest, practice and post-
test were administered by the tutors back-to-back, all online and without any interrup-
tions. The entire protocol was limited to 30 minutes. Each concept covered by the
tutors can be classified as known, tested, practiced or learned for each student, as
summarized in Table 1.

Table 1. Types of Learning Experience with the Tutors.

Pretest Practice Posttest Type of Learning
Correct Known

Incorrect None Tested

Incorrect Some Practiced
Incorrect Mastered Incorrect Practiced
Incorrect Mastered Correct Learned

If a student who returns to use the tutor a second time at a later date or time solves the
pretest problem on a concept correctly, the student has retained the concept from the
previous session. If the student solves the pretest problem incorrectly, the student has
forgotten the concept from the previous session. Based on the student’s learning ex-
perience during the first tutoring session and pretest performance in the second tutor-
ing session, the eight possible retention behaviors of a student on a concept are:
known-retained, known-forgotten, tested-retained, tested-forgotten, practiced-
retained, practiced-forgotten, learned-retained and learned-forgotten. Neither known-
retained nor known-forgotten concepts are affected by the use of the tutor. These
served as the comparison group in the study. On the other hand, tested-retained, prac-
ticed-retained and learned-retained all provide evidence in support of long-term reten-
tion of what was learned using the tutor, the hypothesis of this study, whereas tested-
forgotten, practiced-forgotten and learned-forgotten all provide evidence disproving
retention. These served as experimental data points in the study.

We used the data collected by the tutors over 14 semesters: Fall 2012 — Spring
2019. The tutors were used by introductory programming students in high schools and
colleges as after-class assignments. The students could use the tutors as often as they
pleased. We used data only from the students who had used the tutors at least twice
and gave us permission to use their data for research purposes.

Function Behavior Tutor Results. 513 students used the tutor more than once. They
solved problems at least twice on 3918 concepts, representing an average of 7.64
concepts per repeat user. Table 2 lists the number of student concepts N in each type



of retention behavior, the percentage of the total student concepts represented by that
retention behavior 0%, the percentage of retained and forgotten concepts within the
learning category L%, the mean pretest score on the first and second pretests, and the
mean time between the two sessions in hours. The score on each problem was normal-
ized to the range 0 > 1.0.

Table 2. Functions Behavior Tutor - Types of Retention Behavior

Retention Behavior Type N 0% L% Pretest]  Pretest2  Time (hours)

Known-Retained 2226 56.81  94.56 1.0 1.0 402.15 £ 107.0
Known-Forgotten 128 3.27 5.44 1.0 0.08 872.22 + 446.4
Tested-Retained 760  19.40  67.86 0.12 1.0 27.07 £ 183.2
Tested-Forgotten 360  9.19 32.14 0.10 0.13 87.16 + 266.2
Practiced-Retained 167  4.26 70.17 0.14 1.0 688.39 £ 390.8
Practiced-Forgotten 71 1.81 29.83 0.15 0.14 549.51 £ 599.4
Learned-Retained 164  4.19 79.61 0.17 1.0 588.52+ 394.4
Learned-Forgotten 42 1.07 20.39 0.24 0.20 1622.82 + 779.3

Known-forgotten concepts represent transience, the deterioration of learning over
time. The student concepts in this category were 5.44% of all known student con-
cepts. Based on the column titled L%, students retained over 67% of the concepts
covered by the tutor on function behavior. Conversely, tested-forgotten, practiced-
forgotten and learned-forgotten figures were all greater than known-forgotten per-
centage (5.44%) attributable to transience of learning. So, although students retained
over 67% of the concepts, there is room for improvement of the tutor to promote re-
tention of learning. We note two additional patterns in the descriptive statistics: in the
column L%, learned-retained was greater than both practiced-retained and tested-
retained. Since students solved more problems on learned concepts than practiced
concepts and on practiced concepts than on tested concepts, this supports the observa-
tion that the more the practice problems solved during the first session, the more like-
ly students retained the concept till the second session. From Table 2, we also note
that the mean time between sessions is 2-3 times greater for forgotten concepts in
each learning category compared to retained concepts, except in practiced category. It
is possible that this observational study captured retained and forgotten student con-
cepts in each category at different points in time, and eventually, more retained stu-
dent concepts will convert to forgotten concepts without additional reinforcement of
learning.

Debugging Functions Tutor Results. 642 students used the tutor more than once.
They solved problems at least twice on 5489 concepts, representing an average of
8.55 concepts per repeat user. Table 3 lists the retention behavior figures for debug-
ging tutor. Since students either correctly identified a bug or did not, the score on a
problem was either 0 or 1.



Table 3. Debugging Functions Tutor - Types of Retention Behavior

Retention Behavior Type N 0% L% Pretest]  Pretest2  Time (hours)
Known-Retained 2224 40.52  88.68 1.0 1.0 63.16 + 21.52
Known-Forgotten 284  5.17 11.32 1.0 0.0 210.43 £ 60.23
Tested-Retained 1616 29.44 7253 0.0 1.0 12.46 + 25.25
Tested-Forgotten 612 1115 2747 0.0 0.0 93.43 + 41.03
Practiced-Retained 402 7.32 76.14 0.0 1.0 52.55 + 50.62
Practiced-Forgotten 126 2.30 23.86 0.0 0.0 125.41 + 90.42
Learned-Retained 205  3.73 91.11 0.0 1.0 56.72 = 70.89
Learned-Forgotten 20 0.36 8.89 0.0 0.0 137.89 + 226.96

Known-retained is far smaller than 56.81% for function behavior tutor. Known-
forgotten as a percentage of known concepts, which accounts for transience of learn-
ing, is larger (11.32%) than that for function behavior tutor. So, knowledge and reten-
tion of learning varied between debugging and tracing skills, even though they both
pertained to functions. This confirms the results from our earlier study conducted
using selection tutor [8]. Tested-retained and practiced-retained percentages (L%) on
the other hand were greater for debugging than behavior of functions. One explana-
tion is that each bug is unique and independent, and the short explanation provided
for it clarifies the genesis of the bug. On the other hand, students must synthesize a lot
of interdependent concepts to understand and predict the behavior of functions, mak-
ing the behavior of functions harder to learn and retain.

Based on the column L%, students retained over 72% of the concepts covered by
the tutor on debugging functions. Learned-forgotten (8.89%) was less than transience
of learning. So, the mastery criterion used by debugging tutor during practice stage is
robust. Here again, we found that the more the practice problems solved during the
first session, the more likely students retained the concept till the second session: in
column L%, learned-retained was greater than practiced-retained and tested-retained.
Just as in the case of behavior tutor, we note that the mean time between sessions is at
least twice as much for forgotten concepts in each category compared to retained
concepts suggesting that we captured retained and forgotten student concepts in each
category at different points in time.

In this study, we did not consider guesses and slips: the reified user interface
makes it hard to guess the correct answer and error-flagging feedback provided by the
tutors offers the opportunity for students to recover from slips. On the other hand,
students who use a tutor repeatedly of their own volition are typically self-motivated.
They are also likely to have had extraneous opportunities to practice the tutored con-
cepts between the two tutoring sessions, which could have affected retention. These
are confounding factors in terms of being able to generalize the results of this study.
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