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Abstract. Supplemental Instruction (SI) is a teaching method adopted by academic institutions to strengthen and extend learning
opportunities beyond regular classroom lectures. The supplemental instructor is a junior or senior-level student with a track record
of a sound knowledge of the material and works closely with the students seeking help. The SI leader is free to provide different
teaching/learning strategies to foster problem-solving skills and critical thinking behavior. While the supplemental instructors are
independent in conducting the learning sessions, they work closely with the course instructor. In this work, we investigate the
efficacy of the SI model in college physics compare to university physics at Southern Arkansas University using data from ten
years. Furthermore, we discuss how this additional teaching pedagogy elucidates to successful completion of a physics class,
retention in the department/university, and overall academic success through the peers’ support.
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INTRODUCTION

A firm understanding of fundamental physics is very im-
portant for all areas of natural science. Therefore, physics
is an essential course for STEM students and a prerequi-
site for non-science areas as well. However, the student
success rate in these courses is not very satisfactory im-
peding students from moving forward in the STEM field.
For example, inadequate preparation with core concepts
and principles of introductory physics is primary cause
of academic failure and potential retention of students in
engineering programs [1].

To improve the student success rate by enhancing stu-
dents’ academic understanding and developing learning
habits, a near-peer learning strategy, known as supple-
mental instruction (SI), has been introduced. In this ap-
proach students from higher levels, often referred to as
the SI subject leader, help lower-level undergrads. The
subject leader schedules several study sessions during a
semester for a group of students under the guidance of
a course instructor. Furthermore, these qualified leaders

must attend the lecture along with students to familiarize
themselves with the course content. The students work
independently or in a group in an informal and a sort of
relaxed environment while discussing the matter and solv-
ing the problems with their peers under the leader’s su-
pervision. The program is intended for any students seek-
ing help; not limited to weak or underachieving students
[2]. Several prior publications [3, 4, 5, 6, 7] have shown
that such programs not only help increase students’ confi-
dence level and better prepare for the assessments/exams
but also improve academic outcomes and continuing aca-
demic pursuit [8]. Moreover, it has been established that
SI intervention in challenging classes such as biology [9],
physics and chemistry [10], and overall STEM subjects
[11] increases the potentiality of succeeding underrepre-
sented minority students in the course work and earning
a degree in their respective fields. Research on calcu-
lus from first-year engineering students revealed that not
only the weak but average and strong students also ben-
efited from SI, thus emphasizing the role of SI participa-
tion. The students attending SI could achieve high scores
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despite low prior mathematical achievement compared to
those with high prior achievers [12]. Also, the study con-
ducted on the influence of SI on final grades in university
physics among Hispanic students delivered a significant
difference in mean final grade among non-SI/low-SI at-
tending compared high SI participants [10].

The consequence of SI has significantly improved the
active learning strategy. It is probably because students
get a chance to diagnose their learning inability early and
get an opportunity for rapid and timely administration of
an effective learning environment. Active learning strate-
gies in physics, as in other areas of science [13], primarily
focus on (a) developing problem-solving skills, (b) culti-
vating a group-learning environment, (c) utilizing free re-
sources such as video-based learning, and (d) assessing
the learning outcomes through tests and exams.

Typically college physics has the prerequisite of alge-
bra and basic trigonometry whereas university physics re-
quires pre/co-requisite of calculus. The college physics is
an algebra-based course, whereas the university physics
is calculus-based. The college physics is primarily at-
tended by students who wish to pursue careers in medical
field, or engineering technical education. The University
physics is expected to prepare students for a variety of
career paths including (but not limited to) physics and en-
gineering graduate study, teaching, and direct entry into
industry. The impacts of SI on problem-solving strategies
have been discussed in the literature [14, 15]. Studies on
group-based approaches have shown the effectiveness not
only on the problem-solving skills but also usefulness in
building fundamental concepts of calculus-based physics
[16, 17]. Video-based SI could also be used as an interac-
tive information processing and delivery mechanism that
can significantly increase students’ understanding of con-
cepts. This approach can help master the course content
and develop and refine learning skills [18]. Almost all of
the work has shown a positive impact on the overall fi-
nal grades. Comparisons between students attending SI
sessions versus non-attending over six years at San Fran-
cisco State University in physics I and II revealed positive
impacts on student performance and progression to the
subsequent courses in a sequence [19]. Furthermore, it
also revealed that the students who achieve grades lower
than C– cannot progress in the STEM field. Evidence
has shown that students in engineering physics with SI
classes are well-prepared for subsequent important gate-
way courses [16]. Moreover, the number of students drop-
ping out during the first year almost halved with the SI
support system at the School of Engineering at Lund Uni-
versity Sweden [20].

In general, SI in physics can improve the learning
quality and learning outcomes of physics students. It is
obvious that implementation of SI support not only helps
students run their laboratory work smoothly but also helps
them succeed in the subsequent upper-level courses. This

could be a cost-effective way to improve the quality of
physics education and retain the students. Our study
provides another evidence-based method to support the
broader implication of this modality. In particular, the
impacts of SI on calculus/algebra-based physics and in-
troductory level physics have been done separately. How-
ever, a systematic comparative work has been missing
to uplift the active learning strategies in physics. In this
paper, we aim to compare the students’ success based on
the SI survey conducted in college physics compared to
university physics.

METHODS

The data for the present study ware collected during the
Fall and Spring semesters over a period of ten years. The
students were surveyed after completion of the semester
and the data were compiled after the final grades were
posted. During this period, the SI coordinator visited
all sections to which SI leaders were assigned. The pur-
pose of the data collection was explained to the students
for their approval during participation. Students were
instructed to take the survey on electronic devices. For
those who did not have device access the day of the sur-
vey or who were experiencing technical difficulty, a hard
copy of the survey was provided. The SI Coordinators,
who did not mentor the students, collected and main-
tained the data. In total, 2000 students (SI attendees and
non-attendees) were surveyed. Typically, on average five
physics students were supervised by a student SI leader.
Since our study was focused on the efficacy of SI method,
student demographic data were not analyzed.

We calculated the course Grade Point Average (GPA)
as one of the primary indicators to check the efficacy
of the SI program. The students survey was classified
into two groups: SI-attendees and non-SI-attendees. The
course GPA (referred to as from GPA here on) for each
group was calculated by using the weighted mean method
for the overall student grades for the class. The research
also investigated the DFW rates for each groups. How-
ever, we will focus our study into the impact on GPA for
the SI versus non-SI groups. The results are presented in
the next section.

RESULTS AND DISCUSSION

To assess the significance of a program, it is common in
academia to monitor student outcomes before and after
the implementation of the program. We picked Grade
Point Average (GPA) as one of the primary indicators to
check the efficacy of the SI program. Figure 1 shows the
GPA distribution among the SI-takers and non-SI atten-
dees for college and university physics, in which the GPA
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FIGURE 1. GPA distribution of SI vs. non-SI students through violin plots (a) college physics (b) university physics.

for SI attendees for both physics classes corroborate the
higher side. However, the probability density function for
the non-SI attending group represents the normal distri-
bution and SI attending is skewed towards the right (col-
lege physics). It appears that both SI attendees and non-
attendees for university physics are right-skewed. This
means that the average of the skewed distribution is higher
than the median of the same group. It could be possible
that some people did exceptionally well or achieved more
than expected. Due to the limited data set, we can not
confirm this statement at this time. It requires further in-
vestigation.

To reinforce the above results, we presented the GPA in
a box-notch plot as shown in Figure 2. One can easily see
the difference in the median grades for SI users and non-
users. The difference is more pronounced in university
physics than in college physics. The interquartile range
for SI attendees is more or less the same for both courses,
whereas the interquartile range for non-SI in university
physics is more pronounced than that of college physics.
This means that GPA for non-SI takers is very dispersed.
The average and standard deviation in GPA for college
physics is (2.72 ± 0.61) SI takers whereas for no-SI stu-
dent group is (2.65 ± 0.47). Similarly, the average and
standard deviation in GPA for university physics is (2.94
± 0.35) SI takers whereas for no-SI student group is (2.7
± 0.41). Our results suggest a significant improvement in
student learning outcomes in physics through the support
of the SI program.

In order to achieve success in any coursework, students
need to work continuously. This consistency, in this cur-
rent work, is studied by the change in GPA in terms of the
mean number of SI sessions attended as shown in Figure
3. The results show that the change in GPA is slightly cor-
related with the number of sessions attended. It appears
to earn 0.05-grade points above the average class for col-

lege physics and 0.03 in the case of university physics,
it is necessary for students to attend at least two SI ses-
sions. However, one can not necessarily expect positive
results after attending only a couple of sessions. We be-
lieve students need to attend three-four sessions to see the
influence of the SI on their course grades. It was also
found that those who attended only a few sessions (one
to three) had a (66.92 ± 0.07)% likelihood of passing the
class. Students with regular session attendance (four or
more sessions) had a substantially increased likelihood of
passing the course, (77.41 ± 0.09)% [21]. There does
seem to be outliers among the attendees who could not
improve their grades even after attending several sessions.
They may need some special attention or personalized tu-
toring. The attendance to SI sessions could be a very ef-
fective tool to boost the self-esteem, collaborative behav-
ior, and learning habits of the students. Since SI is purely
voluntary, it is difficult to predict the student’s motive be-
hind attending the sessions. Perhaps making SI sessions
compulsory as a controlled trial would be beneficial in the
study.

CONCLUSIONS AND DISCUSSIONS

The current work shows that SI played a very significant
role to support students in challenging courses such as a
gateway physics course for students to survive and thrive
as entering engineering, medicine, veterinary, chemistry,
or nursing school at Southern Arkansas University. Our
results show that student’s learning outcomes have been
improved through the SI support system. However, find-
ing the correct number of sessions that need to be at-
tended to improve a certain fraction of grades needs fur-
ther investigation. Besides, uplifting the student’s learn-
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FIGURE 2. Boxplots for comparing the GPA (a) college physics and (b) university physics. Interquartile ranges for SI-takers are
almost the same whereas non-SI users seem to be shifted towards the right for both the physics classes.

FIGURE 3. Change in GPA versus mean number of sessions attended (a) college physics and (b) university physics. (The straight
lines are drawn as guide tools to show the positive correlation).

ing outcomes, we believe this program supports students
needing help. Furthermore, students’ skills developed by
the SI system can be further employed in the upper-level
classes to be successful in the program and to graduate on
time. In addition to the students, the SI-leaders also ben-
efit from the personal development in teaching, learning
and leadership skills. In the long run, we believe that the
program helps retain the students in their programs. This
needs to be supported by further studies.

Study limitations

There has been a limited study on the efficacy of the SI
program in physics. Little or no review articles have been
published in the area. Our results are based on data for
the ten years of the post-survey quiz. We discussed qual-
itatively the difference between the SI attendees and non-

attendees, and we are not including students’ success in
terms of letter grades. Lacking pre-survey quizzes on stu-
dents’ ACT/SAT scores, mathematical background, and
exposure to physics in high school has constrained our re-
sults. Despite a limited data set, we believe that the results
presented in this paper may be a valuable resource for any
department or institute to initiate peer-assisted learning
programs to support student need.

Future suggestions

SI is a very supportive program for students’ academic
enrichment. We have done some research to find the ef-
fectiveness of the program in entry-level physics. How-
ever, additional research needs to be done to determine
the long-term effect on upper division classes in order to
make a concrete conclusion about retention. Regular par-
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ticipation of students in SI sessions is another challenge.
Students tend to participate more when they have a quiz
or an exam approaching. A revelation of student success
semester-wise through audio-visual medium at the begin-
ning of the semester might help address this issue. Still
what governs student motivation has been a big question
in academia for some time. Furthermore, the SI program
will be more beneficial in terms of addressing diversity,
inclusion, and equity if we can study its efficacy in a di-
verse student population.
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