Does choosing the concept on which to solve each practice
problem in an adaptive tutor affect learning?

Amruth N. Kumar [0000-0002-1951-3995]

Ramapo College of New Jersey, Mahwah NJ 07430, USA
amruth@ramapo.edu

Abstract. We conducted a controlled study to investigate whether having stu-
dents choose the concept on which to solve each practice problem in an adaptive
tutor helped improve learning. We analyzed data from an adaptive tutor used by
introductory programming students over three semesters. The tutor presented
code-tracing problems, used pretest-practice-post-test protocol, and presented
line-by-line explanation of the correct solution as feedback. We found that choice
did not increase the amount of learning or pace of learning. But, it resulted in
greater improvement in score on learned concepts, and the effect size was me-
dium.
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1 Introduction

An adaptive tutor presents practice problems on the concepts students have not yet mas-
tered. If the tutor requires students to select the concept on which they would like to
solve each practice problem, it would give students choice, and thereby, a sense of
agency [2], which is known to improve performance on learning tasks (e.g., [3]). It
would give them a sense of control over their path through the learning material, the
type of choice typically associated with enhanced learning [3,13]. In response, if the
tutor honors the student’s choice when presenting the next practice problem, it facili-
tates self-directed learning [6]. If it does not, i.e., it presents the next problem on a
concept other than the one chosen by the learner, it promotes cognitive dissonance [4],
which is known to help learning [1]. So, the act of choosing the practice concept might
itself enhance learning, whether or not the tutor subsequently honors the choice. We
investigated whether having the student choose the concept of each practice problem
helped improve learning in an adaptive tutor.

For this study, we used a problem-solving software tutor on for loop, a program-
ming concept. The tutor presents code-tracing problems, wherein, the student is asked
to read a program and identify its cumulative output, one output at a time along with
the line in the program that produces that output. The tutor provides line-by-line expla-
nation of the correct answer as feedback, which has been shown to improve learning in
prior evaluations [8]. This explanation is in the style of a worked example [12]. The
tutor is adaptive [9] and covers 10 concepts in C++, Java or C#. It is part of a suite of



problem-solving tutors for introductory programming topics called problets
(www.problets.org).

The tutor is accessible over the web. Instructors of introductory programming
courses use the tutor typically for after-class assignments. So, typically, students use
the tutor on their own time, and often, multiple times till they master all the concepts.
In this study, the institutions that used the tutor were randomly assigned to control or
experimental group each semester. Data was collected over 3 semesters from Fall 2017
- Fall 2018. During that time, the number of students who used the tutor and granted
permission for the use of their data in the study was 202 in control group and 179 in
experimental group.

Every time the tutor was used, it administered pretest-practice-post-test protocol [7].
During pretest, the tutor presented one problem per concept to prime the student model.
If the student solved a problem partially correctly, incorrectly, or opted to skip the prob-
lem without solving it, the tutor presented line-by-line explanation as feedback. Once
the student had solved all the pretest problems, the tutor presented practice problems
on only the concepts on which the student had skipped solving the problem or solved
the problem partially/incorrectly during pretest. For each such concept, the tutor pre-
sented multiple problems until the student had mastered the concept, i.e., solved a min-
imum percentage (e.g., 60%) of the problems correctly. After each incorrectly solved
problem, the tutor presented line-by-line explanation of the correct answer. Finally,
during adaptive post-test, which was interleaved with practice, the tutor presented a test
problem on each and only the concepts that had already been mastered by the student
during practice. Pretest, practice and post-test were administered by the tutor back-to-
back without interruptions, entirely over the web. The entire protocol was limited to 30
minutes.

The only difference in treatment between control and experimental groups was dur-
ing adaptive practice. Before each practice problem, the tutor presented a list of all the
concepts and the percentage of problems the student had solved correctly on each con-
cept. The tutor used the same pre-determined order of concepts for both the groups.
Experimental subjects were asked to pick the next concept that they wanted to practice,
but only when at least two concepts remained un-mastered. In contrast, control subjects
just viewed the list of concepts before moving on to the next problem. As a result, the
sequence of practice problems solved by experimental subjects differed from that of
control subjects. For control subjects, the tutor presented problems in the pre-deter-
mined order of concepts using round-robin algorithm, taking care not to present more
than two problems back to back on any one concept. For experimental subjects, it used
the subject’s choice as the seed to pick the next concept not yet mastered in the pre-
determined order of concepts, and presented a problem on it. The resulting problem
may or may not have been on the concept chosen by the student. According to learning
theory, the student could benefit whether the practice problem matched the chosen con-
cept or not: when the two matched, the student could benefit from cueing [11] and self-
directed learning [6]. When the two mismatched, the student could benefit from cogni-
tive dissonance [1].

The concepts covered by the tutor can be classified as known, attempted, practiced
or learned by the student. A concept is known if the student solves the pretest problem
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on the concept correctly. A concept is learned if the student solves the pretest problem
on the concept partially/incorrectly or skips solving it, solves enough problems during
practice to master it, and solves the post-test problem correctly. On the other hand, if
the student solves the post-test problem incorrectly, the concept is practiced, not yet
learned. If so, the tutor schedules additional practice problems on the concept for the
student. If the student runs out of time because of the 30-minute limit placed on the
duration of the tutoring session and does not complete mastering the concept during
practice, the concept is categorized as attempted.

During grade calculation of code-tracing problems, the outputs identified in the cor-
rect sequence (c) were credited and any incorrectly identified outputs thereafter (i) were
penalized. The grade was calculated as max( (¢ —1) / n, 0), where n was the total number
of outputs in the program. Therefore, the score on each problem was normalized to 0
— 1.0.

If a student used a tutor multiple times, we considered data from the session when
the student had learned the most number of concepts. If the student did not learn any
concepts, we considered data from the first session when the student had solved the
most number of problems. Since the only difference in treatment between control and
experimental groups was during practice stage, and that too, when students solved prob-
lems on two or more concepts, only students who had solved practice problems on two
or more concepts were retained for the study in both control and experimental groups.
As aresult, 98 students each remained in control and experimental groups.

We considered 7 variables for the study: (1) The score per pretest problem to verify
that control and experimental groups were comparable; (2) The number of practice
problems solved during the session. This included practice problems solved on learned
concepts as well as concepts merely practiced or attempted. This and the next two var-
iables were used to evaluate the impact, if any, of having to choose the concept before
each practice problem; (3) The score per practice problem; (4) The time spent per
practice problem; (5) The number of concepts learned as a measure of the amount
of learning; (6) The number of practice problems solved per learned concept, as a
measure of the pace of learning. It was calculated by dividing the number of practice
problems solved on all the learned concepts by the number of concepts learned; and (7)
Pre-post change in grade per problem on learned concepts as a measure of improve-
ment in learning. The fixed factor was treatment: experimental group students had to
choose the concept underlying each practice problem, whereas control group students
did not.

2 Results and Discussion

We conducted one-way ANOVA of each of the variables with treatment as the fixed
factor.

We found no significant main effect for treatment on the score per pretest problem
[(F1,195) =1.841, p = 0.176] or the time spent per pretest problem [F(1,195) < 0.001,
p =0.991]. So, the two groups were comparable. We did not find any significant dif-
ference in the number of practice problems solved [F(1,195)=0.991, p=0.321], but



the score per practice problem was significantly different [F(1,195) = 7.897, p =
0.005]: control group subjects scored a mean of 0.835 = 0.029 points per practice prob-
lem whereas experimental subjects scored 0.776 + 0.029 points. So, control subjects
scored significantly more per practice problem. One explanation for this difference is
that experimental subjects suffered cognitive dissonance when the problem they were
presented was not on the concept they chose. Hence, they scored significantly less on
practice problems. We found no significant main effect for treatment on the time spent
per practice problem.

We did not find a significant difference between control and test groups on the num-
ber of concepts learned. So, the treatment did not affect the amount of learning. We
found a significant main effect for treatment on the number of practice problems
solved per learned concept [F(1,109) = 4.965, p = 0.028]: control subjects solved a
mean of 2.92 + 0.249 problems to learn each concept whereas experimental subjects
solved 3.30 £ 0.223 problems. So, the pace of learning was significantly slower for
experimental subjects than control subjects. This may also be ascribed to cognitive dis-
sonance: the practice problem presented by the tutor matched the concept chosen by
the student in only 40.65% of the cases. So, the treatment of merely providing choice
without always honoring it did not benefit the pace of learning.

We also found a significant main effect for treatment on pre-post change in grade
per problem on learned concepts [(F1,109) = 5.028, p = 0.027]: the change was 0.716
+ 0.056 for control subjects compared to 0.802 + 0.051 for experimental subjects. So,
the improvement in score was significantly greater for experimental group than control
group. The effect size (Cohen’s d) is 0.43, corresponding to medium effect.

To summarize, even though the two groups were comparable to begin with, experi-
mental group needed significantly more practice problems to learn each concept, but
had significantly greater improvement in score on the learned concepts. We found the
same results when we considered only less-prepared students, i.e., those whose score
per pretest problem was 0.9 or less. Insofar as choice enhances intrinsic motivation and
engenders agency, the results of this study warrant the provision of choice, given that
we did not find any negative cognitive effects of choice.

Experimental subjects chose the first concept in the list presented to them 65.25% of
the time, and second concept 22.88% of the time. Given that the list always contained
at least two concepts, this lopsided distribution of choice suggests that students more
often than not chose concepts in the order in which they were presented.

Cueing has been shown to improve transfer of learning [11], in particular, when
multiple problem-solving examples are presented to the learner [5,10]. In our experi-
mental setup, the name of the concept could have served as a consistent, valid cue if the
practice problem had always matched the student’s choice. We speculate that providing
choice, combined with consistent, valid cueing might lead to better learning outcomes
than were observed in this study. This will be the subject of a future study.
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