
education 
sciences

Article

Peer Learning as a Key Component of an Integrated Teaching
Method: Overcoming the Complexities of Physics Teaching in
Large Size Classes

Matteo Bozzi 1,* , Juliana E. Raffaghelli 2 and Maurizio Zani 1

����������
�������

Citation: Bozzi, M.; Raffaghelli, J.E.;

Zani, M. Peer Learning as a Key

Component of an Integrated Teaching

Method: Overcoming the Complexities

of Physics Teaching in Large Size

Classes. Educ. Sci. 2021, 11, 67.

https://doi.org/10.3390/educsci

11020067

Academic Editor: David Arendale

Received: 29 December 2020

Accepted: 4 February 2021

Published: 9 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Physics, Politecnico di Milano, 20133 Milan, Italy; maurizio.zani@polimi.it
2 Department of Psychology and Educational Sciences Studies, Universitat Oberta de Catalunya,

08018 Barcelona, Spain; jraffaghelli@uoc.edu
* Correspondence: matteo.bozzi@polimi.it

Abstract: Over the last decade, policy makers have urged universities to innovate their teaching
methodologies. Although educational research has shown that active methods lead to improvements
in learners’ performance more than traditional lectures in small classes, some factors impede active
methods from spreading in large size classes. In this paper we aim at fostering these methodological
innovations by showing the effectiveness of an integrated teaching methodology that employs peer
learning, technology, and traditional lectures in large size classes. In the academic years 2017–2018
and 2018–2019 a quasi-experiment involved more than 600 engineering students per year attending
an introductory physics course at Politecnico di Milano. These learners were assigned to two sections
and their outcomes in a pre-test and a post-test were analyzed through descriptive and inferential
statistics. The learning results of the experimental group were always better than the outcomes of the
control group, regardless of the difficulty of the physics topics addressed. Furthermore, a very low
threshold for the exposure to peer learning has been highlighted in order for it to be effective. These
promising results may thus foster ongoing changes in university policy towards the renewal of the
teaching methodology.

Keywords: peer learning; physics teaching; higher education; large size classes; active learning;
traditional lectures

1. Introduction
1.1. Introduction

Physics educational research has highlighted that learning physics appears to be a
noteworthy and challenging testing ground for a large number of university learners
enrolled in science, technology, engineering and mathematics (STEM) faculties [1–3]. By
way of illustration, 2350 engineering students enrolled in a physics course held at the
Politecnico di Milano during the first term of the academic year 2018–2019, but only less
than six students out of ten passed their own final examination before the beginning of the
second academic term. Their average mark was lower than 24/30, the highest mark being
30/30 cum laude in Italy [4].

The majority of the physics courses are characterized by a pedagogy centered on
traditional lectures [5]. However, traditional lectures have been highly criticized for being
a teacher-centered strategy that focuses on teaching itself rather than on learning. An
evocative metaphor for illustrating the role played by the instructors in this transmittal
model is a “sage on the stage” [6], whereby educators transfer knowledge to their students,
who act as passive learners and play the role of empty boxes to be filled. A classic lecture,
however, does not seem to perfectly combine with diversified learning modes and back-
grounds [7–9]. This could be the alleged cause of failure to achieve satisfactory learning and
results in academic physics courses for many students. To reinforce this idea, it should be
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emphasized that quality teaching, which is crucial to assure a quality higher education [10],
should be characterized by the opposite priority, i.e., it should pursue learning rather than
teaching [11].

In contrast to the aforementioned traditional teacher-centered pedagogy, since the
early 1990s new active learning strategies have been a focus of discussion [12,13]. According
to Vygotsky’s theory [14], every learner is characterized by a “zone of proximal develop-
ment”, a distinctive unreal area where learning does not take place individually but occurs
through other people’s assistance. Interactions among human beings facilitate and mediate
higher mental functioning within zones of proximal development. Coherently to the educa-
tional approach suggested by constructivism, learners have to build their own knowledge
and be the protagonists of their learning path. Many studies demonstrate that students’
learning improves if they are actively engaged during their lessons [13,15–17]. Further-
more, student-centered pedagogy increases class attendance, students’ acquisition of expert
attitudes towards the discipline and student engagement [18–20]. In a student-centered
pedagogy the role of the instructor undergoes a deep-seated change: from a “sage on the
stage” the instructor becomes a “guide on the side” [6]. Peer Instruction [15], Problem-
Based Learning [12] and Student-Centered Activities for Large Enrollment Undergraduate
Programs [21] methods have been developed in some North American universities in the
context of basic physics courses. In these educational methodologies students are put at
the center of the learning and teaching process and every student is engaged. The engage-
ment of all learners is precisely the essential element that allows to classify an educational
strategy as active learning [16].

However, it seems that there are complicating factors in the adoption of active methods
that prevent their spread and trust amongst university teachers. In fact, these active
learning strategies are actually not characterized by large-scale use in the STEM field, even
though they are globally spread, albeit unevenly. Although the employment in physics
courses has truly taken hold in a not negligible, though still restricted, number of US
academic institutions [5], this is not the case of European universities, let alone Italian
ones [22–24].

Firstly, there are a number of common reasons frequently indicated by instructors to
explain their resistance to active learning strategies, such as lack of time, limited resources
and a dearth of university or departmental support, along with some problems concern-
ing syllabus content coverage [25,26]. Secondly, learners exposed to a student-centered
educational strategy show undeniable improvements in conceptual understanding, but
these improvements do not always correspond to as many gains in their problem-solving
skills [27,28]. As a result, active methods require further investigation to confirm their spe-
cific impact and effectiveness. Thirdly, one of the most challenging issues in undertaking
active methods relates to their complex logistics in large size lectures. Increasingly large
classes, resulting from the massification of higher education [29–31], face the trade-off of
simpler logistics through traditional lectures at the cost of lower acquisition of knowledge
and skills, owing to the further reduced chance for the students to interact with their
instructors and receive feedback from them [32].

Overcrowded classrooms have been considered a hindrance in several research studies
where large size classes (LSC) appear to be frequent factors allegedly making university
instructors adopt traditional lectures as the only feasible pedagogical approach [5,33,34].
Incidentally, a large size class may correspond to a different number of students depending
on the disciplines and pedagogical needs of the learning environment being considered.
For instance, in the Fine Arts, fifteen students may represent a large size class, whereas a
first-year physics class may be defined as large if there are 100 learners or more (N ≥ 100).
Regardless of any numeric threshold, a large class appears to be an environment where
the quality of learning may be negatively impacted by the number of learners. Moreover,
research on active learning carried out in Europe frequently involves small (N < 50) or
medium (50 ≤ N < 100) size classes [28,35,36], so university lecturers have little evidence
regarding how to devise active pedagogies in large class formats. As a part of the active
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strategies, peer learning (PL) is probably deemed disadvantageous in large size classrooms,
in spite of its value in supporting effective learning in higher education [37].

To summarize, the sudden transition of academic physics courses from a completely
teacher-centered pedagogy to a totally student-centered one, particularly in the context of
LSC, appears to be hardly feasible and not entirely satisfactory in the short term. It is thereby
appropriate and urgent to explore the educational effectiveness of the synergistic and
integrated use of traditional lectures and PL—a specific active learning model—augmented
by the use of technology. Moreover, it would be interesting to investigate effective ways of
implementing such an approach in LSC. In this regard, in an Italian scenario dominated by
academic physics courses centered on transmittal lectures, Politecnico di Milano has begun
to work on active learning in large class formats, with promising results contributing to a
broader picture that requires further investigation [38].

1.2. Background
1.2.1. Active Methods, Peer Learning and Large Size Lectures in Higher Education

Human beings tend to build their own mental models in order to organize their
experiences and observations [9,39]. Not only are these models instruments to interact
with reality, but they also determine how individuals assimilate new information and
experiences [7]. According to Ausubel’s studies [40–42], it is appropriate to identify and
distinguish two antithetical human learning modes: rote learning and meaningful learning.
There is a continuum between these two learning modes owing to the different degrees of
development of people’s relevant cognitive structure as well as their dissimilar attempts to
include new conceptual meanings [43].

However, mental structures and processes are deeply connected with social and
cultural ones on account of the interaction among people and between individuals and
collective culture: learning is indeed a social process [14,44]. As a consequence, since
learning in groups ought to be more efficacious than learning as isolated individuals [45],
student-centered strategies like PL appear to be particularly suitable in this regard. Aligning
with the cognitivist and the socio-cultural theory of learning, empirical research in higher
education has differentiated between deep learning and surface learning [46]. If the
former is characterized by a critical analysis of new ideas and facts, connecting them with
existing cognitive structures and building innumerable links among these ideas, the latter
incorporates them uncritically, tending to store them as isolated, detached items [47,48].

All in all, the theory and research about learning in higher education are pointing out
that active methods are an effective approach to trigger meaningful, situated and deep
learning [23,48]. In the context of STEM faculties, active methods have been originally
developed in the US, where notable efforts have been made to change undergraduate edu-
cation [49,50]. Afterwards, the attention to the STEM disciplines and the modernization of
educational strategies have progressively spread also in Europe [51], Italy included [52–54].

Although a unique definition has not been synthesized, scholars do agree on the fact
that an active method is any instructional methodology that engages students in the learn-
ing process and requires them to perform meaningful learning activities during classroom
time, while encouraging learners to reflect on what they are doing [55]. Nowadays several
lines of research suggest that not only are these active strategies able to improve learners’
performance more than passive ones [13,15–17], but they make a substantial contribution
to overcoming the gap in learning between under-represented minority students and non-
under-represented minority learners, thus triggering the growth in science self-efficacy
for all learners [56]. Along with the growing evidence that these interactive-engagement
methodologies are effective, there are increasing calls to train more and more instructors in
the use of these educational strategies in their academic courses [57].

Nevertheless, the effective use of active strategies requires an accurate design of
the learners’ activities and teamwork; inadequate logistics and work organization risk
undeniably compromising the students’ learning [58]. These just mentioned criticalities are
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more noteworthy in the context of academic large classes, where interactive-engagement
methodologies are sporadically employed [59] and seem to be rarely successful [60].

In the context of active methods, PL appears to be particularly interesting. In a
salient article, Hattie [59] synthesized more than 1200 meta-analyses that cover about
65,000 researches and over 80 million students ranging from early childhood to the tertiary
level. He classified 195 factors that are related to learning outcomes from very positive
influences to very negative effects, and their average effect size (Cohen’s d) was 0.40.
Hattie’s study [59] highlighted that some popular active methodologies show a positive
effect size, but lower or equal to the mean value; for instance, problem-based learning
Cohen’s d and cooperative learning Cohen’s d were, respectively, 0.12 and 0.40. On the
contrary, factors like classroom discussion (d = 0.82), positive peer influences (d = 0.53)
and peer tutoring (d = 0.53) evidenced an effect size that is higher than the average value.
Similarly, analyzing the findings of 98 single studies, the meta-analyses of both Bowman-
Perrott et al. [61] and Leung [62] demonstrated significant effects of peer tutoring on
different students age groups.

Contrary to popular belief, PL does not refer to a single, undifferentiated educational
methodology: over the years ten different typologies have been recognized [63]. How-
ever, beyond the different models, PL is considered a form of interdependent learning
characterized by the sharing of knowledge, ideas and experience among participants, thus
being mutually beneficial [64]. A further crucial feature is that all peers play the same
role: nobody has a role as teacher or expert practitioner, even though some peers could
have appreciable experience and expertise; consequently, no one has power over others
owing to their status [65]. Actually, PL is characterized by a horizontal and non-hierarchical
relational status.

PL settings are likely to produce fertile instructional dialogues among peers as they
support joint problem solving, depend on intrinsic rather than extrinsic rewards and dis-
courage competition among students [66]. A line of research has focused on investigations
of the possible improvements in the students’ outcomes when they are exposed to PL or,
more generally, to active learning in a student-centered learning environment rather than
in a traditional classroom. Notwithstanding that some studies highlight better students’
results in active learning spaces rather than in traditional classrooms [67,68], some other
studies lead to the conclusion that their findings are not dissimilar in the two learning
settings [69,70]. However, classroom renovation can be extremely expensive and new
technology may rapidly become obsolete [68,70]. In most cases, however, the learning
environment is traditional and assigned by the institution, and thus no change is possible.
As a result, not only are active methods generally employed in assigned structural contexts,
but their implementation is further contrasted by the frequent occurrence of LSC.

As a matter of fact, class size plays a pivotal role owing to its influence on students’
attainments, learning and teaching quality, and program evaluation. University stakehold-
ers give considerable attention to this issue on account of its economic implications [71].
Actually, as a consequence of the economic crisis in 2008, government funding allocated
for higher education has progressively decreased both in the US [72] and in the European
Union [73]: an increase in class size reduces human resources as well as operating costs. In
addition, massification of higher education [29–31] has propelled academic institutions to
that solution.

However, a traditional teacher-centered pedagogy is normally ineffective or blandly
successful when applied to LSC [74], while the adoption of student-centered strategies and
the use of technology succeed in improving learners’ outcomes [33,75–77]. With regard to
the use of active methods, research aiming at investigating the influence of class size on
student achievement generally indicates better results in small groups [78,79].

1.2.2. Peer Learning in Physics

PL is employed in some different courses of action with reference to the teaching of
physics [35,80]. For instance, in peer instruction, an active learning technique introduced
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by Harvard professor E. Mazur in 1991 [15], an initial short presentation on an essential
topic supplied by the instructor is followed by a conceptual question on that item with
different possible answers. The query aims at investigating students’ understanding of that
theme and every student responds individually to that question. The students compare and
discuss their answers with their neighbors for a few minutes, explaining their reasoning,
before being given a chance to answer singly a second time. Finally, the instructor shows
and discusses the correct answer to the question and moves on to the next topic.

Differently from this approach, the active methodology used by the physics Education
Research Group at the University of Massachusetts, called class-wide discussion [81], begins
with a small group peer discussion of a conceptual question, followed by an individual
or group answer. Afterwards, the undergraduates participate in a class-wide discussion
fostered by the instructor, who favors discussion across peer groups by asking different
students to share their reasoning with the class. Furthermore, the Physics Education
Group at the University of Washington has developed a set of tutorials that are meant to
boost physics teaching at an introductory level [82]. Taking place after the issue has been
illustrated in lectures, tutorial sessions consist in small peer group discussions guided by
a specific tutorial worksheet. The students find their own answers to the allotted tasks
through interaction with their peers as well as the tutorial instructors.

The overall exposure time of the learners to active instructional practices in physics
teaching is impressively heterogeneous between studies, and thus the total class time
devoted to one of these student-centered strategies may range from 10% to 100% (class
completely taught with active learning) [17]. Furthermore, this exposure time is substan-
tially considered as a fixed parameter rather than a variable to investigate, i.e., there are
few inquiries aimed at evaluating whether and how it influences the educational strategy
success. In other words, what is the minimum time devoted to PL during a course in order
for appreciable learning to be achieved by the students?

Conversely, many studies have compared the effectiveness of interactive-engagement
methodologies and traditional lectures in relation to physics teaching. Some wide and sig-
nificant meta-analyses [13,17] emphasize that active learning is more effective, particularly
with regard to conceptual understanding [27,28]. Nevertheless, this students’ learning as-
sessment is frequently performed through the same standardized concept inventories [83],
like the Force Concept Inventory [84], and thus the effectiveness of the educational strategy
as a function of the assessment test difficulty, i.e., the complexity of the concepts checked,
is not investigated.

In this regard, a significant but neglected area of research focuses on investigating PL
effectiveness with specific reference to the complexity of both the physics issues addressed
by students and the tasks assigned to them. This is an even more tricky challenge if the
size of the class is large and the efficacy of active learning in academic physics teaching
appears to be substantially different whether small or large size classes are engaged. For
instance, Freeman et al. [17] consider Hedges’s g as an effect size and emphasize that its
mean value is 0.635 (medium) and 0.314 (small) in the cases of respectively small or LSC
involved in the analyzed study.

However, a recent study focused on physics refresher courses allotted to future fresh-
men before the beginning of the academic year has pointed out that the synergistic and
integrated use of massive open online courses, PL and traditional lectures allows the
students to achieve positive learning outcomes regardless of the different size of the classes;
in fact, no differences in the effect size have been highlighted [38].

Since research focused on LSC may not be receiving proper attention, particularly
with regard to the European context [28], further investigations appear to be needed and
appropriate on the integration of PL into traditional lectures, as a possible solution to the
problems posed by LSC in academic physics courses.
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2. Materials and Methods
2.1. Research Design

In light of the above considerations, the authors identified the most appropriate
investigation methodology. The students involved could not be assigned randomly to the
experimental group or the control one owing to some ethics and organizational constraints
of our undergraduate course setting. As a consequence, a quasi-experiment was considered
as an appropriate methodological approach [85,86], which tends to be a frequent option in
complex educational settings [87,88].

Designed to be implemented in an ongoing physics course activity, i.e., in a natural
environment, in the academic years 2017–2018 and 2018–2019, the quasi-experiment aimed
at investigating the effectiveness of the integration of PL activities, strengthened by the use
of technology, into traditional physics lectures as a teaching method in LSC.

The research questions were:

(RQ.1) Is an integrated teaching methodology (ITM) based on the mixed use of PL, tech-
nology and lecture, an effective strategy in order to learn physics in university
LSC?

(RQ.2) Is this ITM more effective than the usual transmission form consisting of traditional
academic lectures?

(RQ.3) Is there a threshold for the exposure to PL (as a key component of ITM) in LSC in
order for it to be effective? If so, what is this minimum level?

(RQ.4) Is this ITM successful despite the level of difficulty of the physics topics being tested?

2.2. Research Context and Participants

The research activity was implemented in an academic course on mechanics and
electromagnetism called “Fisica Sperimentale A + B” (“Experimental Physics A + B”) at
Politecnico di Milano, located in the North-Western part of Italy. In a traditional approach,
“Fisica Sperimentale A + B” lasted for 100 h, 60 h of which consisted of traditional lec-
tures focused on a theoretical framework, while 40 h were devoted to drills in order to
develop and heighten the students’ problem-solving skills. This physics program is usually
provided to 19-year-old freshmen attending the first year of materials and nanotechnol-
ogy engineering and those studying chemical engineering during the first term of each
academic year.

The students enrolled were 674 (153 females, 380 males and 141 unidentified) and 610
(159 females, 398 males and 53 unidentified), respectively, in the academic years 2017–2018
and 2018–2019. Owing to these large numbers, the students were divided into three
different sections on the basis of an alphabetical order. These cohorts were assigned to
the same three instructors in both academic years, maintaining the teaching approaches
constant. For the purposes of this study, one of the groups, with the same teacher, was
identified as the studied group (SG), whereas the other two sections (with two different
but constant instructors) represented the overall control group (CG).

The attendance of the course was not mandatory, based on the academic rules, and
the students were not compelled to attend it, coherently with the choice of carrying out our
research in a natural environment. However, although some freshmen did not attend the
lessons regularly, the average number of students participating in each group was about
100 or higher; as a consequence, the size of the classes could be classified as large.

2.3. Learning Design and Assessment Tools

The aforementioned traditional design of the course was confirmed for the CG, while
it was modified for the SG, which experienced periodical PL sessions. Data on SG and CG
students’ starting level in physics and on their possible equivalence in terms of academic
performance were gathered through a multiple-choice test arranged in one of the earliest
lessons. This initial test consisted of twelve quizzes focused on classical physics studied
at high schools and, at the same time, pertaining to some topics taught in the academic
physics courses of Politecnico di Milano; the time allotted to each quiz, characterized by
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four possible alternatives of which only one was correct, was two minutes. The freshmen
earned one point for each correct answer and nil in all other cases; the overall score attained
by a freshman was normalized so that the lowest and the highest possible value were equal
to zero and ten, respectively.

In order to evaluate the effectiveness of the educational strategies adopted in the SG
and in the CG, a final multiple-choice test was administered to the students towards the
end of the course (three months later). The time devoted to each quiz and the method of
quantifying the performance of every freshmen in this final test were identical to the initial
one. Furthermore, the structure of this assessment was equivalent to the initial test, as it
consisted of twelve quizzes directly related to the topics covered in the syllabus.

Although both the initial and final tests administered to the freshmen in academic
years 2017–2018 and 2018–2019 consisted of twelve questions, these tests were modified
from one year to the next. In 2017–2018 quizzes were meant to evaluate the students’
conceptual understanding of some significant topics that they had studied in their univer-
sity physics course. However, the authors also aimed at investigating the effectiveness of
their ITM with relation to the complexity of the physics issues that characterized the test.
Therefore, in the second year of the quasi-experiment, the initial and final test quizzes were
changed and focused on some possible misconceptions or misunderstandings in physics,
related to some significant topics that students had previously explored in high school and
that they would study at the university. As stated by the scientific literature on this issue,
misconceptions appear to be extremely widespread and persistent [89,90]; consequently it
was likely that the test could have been more difficult in 2018–2019 than in the previous
year. It appears that in the second year the freshmen had to face a double challenge: to
demonstrate their conceptual understanding of some meaningful topics and, in addition to
this, to overcome any misconceptions regarding those subjects.

In order to verify and quantify the different characteristics between the tests adminis-
tered in 2017–2018 and 2018–2019, a classical item analysis was carried out [91]. The test
difficulty index (DI) was meaningfully different in the two academic years and equal to
0.41 and 0.26, respectively; however, based on Crocker and Algina [92] the difficulty of
these tests can be classified as average. Conversely, their discrimination index (DS) was
similar, respectively 0.35 and 0.31 in 2017–2018 and 2018–2019, and could be classified as
reasonably good [91].

Unlike the CG, the SG experienced some PL sessions during their lesson time. In this
new approach, “Fisica sperimentale A + B” lasted for 100 h. Of this total amount, about
57.5 h consisted of lectures, while about 2.5 h were devoted to PL sessions and 40 to drills.
Figure 1 shows the learning design of the SG.
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During each PL session, the students individually answered some brief multiple-
choice quizzes; both the first and the second PL periods were based on mechanics topics
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and consisted of five quizzes each, whereas the third and the fourth PL period focused on
electromagnetism issues and the students answered four quizzes in each session. These
intermediate quizzes differed from the multiple-choice quizzes of the initial and final tests,
in that they focused on other topics. The quizzes selected for the PL sections were the
same in the two academic years encompassed by our quasi-experiment. As a result, it
should be emphasized that these intermediate quizzes had been specifically designed for
the quasi-experiment implemented in the first academic year and they were not centered
around possible misconceptions. Consequently, their effectiveness could be inferior in
2018–2019 and this might be a limitation of our study.

SG freshmen answered these quizzes through the student response system (SRS)
Socrative, whose use has been widely discussed [93,94] in the implementation of interactive
teaching. Coherently to the documented positive results of the Bring Your Own Device
(BYOD) strategy [95], the SG students employed their own electronic devices, like laptops,
smartphones and tablets. It has been pointed out that the use of technology within higher
education enhances student engagement [96] and students’ academic performance [97,98],
and PL particularly benefits from its use [97]. Each PL session was characterized by the
following schedule:

• Answering the first quiz individually (2 min);
• Peer discussion in small groups (3–5 min);
• Without getting any feedback from the other classmates and the teacher, SG freshmen

were asked to work with their neighboring fellow students so as to discuss briefly the
quizzes in small groups (three or four freshmen);

• Answering individually the same quiz again (2 min);
• . . . . . . . . . . . . . . . . . . . . . . . . . . . ;
• Answering the last quiz individually (2 min);
• Peer discussion in small groups (3–5 min);
• Answering individually the same quiz again (2 min);
• Finally, showing the correct answer to every question and the rate of answers ascribed

to each possible alternative, the teacher gave a brief explanation (2–3 min).

Table 1 summarizes the PL session time.

Table 1. Peer learning session time.

PL Session Number of Quizzes PL Session Time
(min)

Overall Time
(min)

Peer Discussion in Small Groups Time
(min)

1 5 37–48

134–174

15–25
2 5 37–48 15–25
3 4 30–39 12–20
4 4 30–39 12–20

Finally, each of the tests administered to the students, i.e., the initial and final test and
every intermediate quiz were previously evaluated and considered adequate by a panel of
instructors and experts.

2.4. Data Analysis

Data gathered in this research were preliminarily explored through descriptive statis-
tics. Afterwards, a Shapiro–Wilk test allowed to check if they were normally distributed
and a Levene test was performed to test their homoscedasticity. All detailed preliminary
analyses and outcomes can be found as open data for transparency [99], and therefore they
have not been reported in their entirety in the following “Results” section.

Since our data did not fit the normal distribution, a further inferential analysis was
carried out by means of non-parametric tests, like the Mann–Whitney U test for unpaired
data, the Wilcoxon signed-rank test for paired data with one independent factor, and the
Kruskal–Wallis test for more than one factor. The statistical significance was chosen at the
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level α = 0.01, the effect size adopted was Cohen’s d and its value was classified according
to Sawilowsky [100]. Finally, data analysis was carried out through the statistical open
source software RStudio (https://rstudio.com/ accessed on 26 December 2020).

3. Results

A preliminary investigation consisted in highlighting and comparing the level of
knowledge in physics of the SG and the CG both before and after the quasi-experiment
through descriptive statistics. We analyzed the performance of all the students who took
part in a specific test (between subject design) as well as the results of the freshmen who
participated in both initial and final tests (within subject design). Table 2 summarizes these
findings for the different sections.

Table 2. Descriptive score statistics (between and within subject design) for the different sections in initial (Ini) and final
(Fin) tests.

Section Academic Year Type of Data Students Number Median Mean Standard Deviation

Ini Test Fin Test Ini Test Fin Test Ini Test Fin Test Ini Test Fin Test

SG 2017–2018 Between subject 128 99 4.17 6.67 3.57 6.68 1.46 1.44
CG 2017–2018 Between subject 303 228 4.17 5.83 4.29 5.75 1.79 1.94
SG 2017–2018 Within subject 63 63 4.17 6.67 3.68 6.87 1.39 1.45
CG 2017–2018 Within subject 133 133 4.17 5.83 4.61 5.83 1.67 1.76
SG 2018–2019 Between subject 137 103 2.50 3.33 2.87 3.48 1.43 1.63
CG 2018–2019 Between subject 322 265 3.33 2.50 3.11 2.94 1.31 1.56
SG 2018–2019 Within subject 84 84 2.50 3.33 2.83 3.55 1.30 1.70
CG 2018–2019 Within subject 180 180 3.33 3.33 3.30 3.04 1.21 1.48

Regardless of the type of data, the studied freshmen showed a lower mean normalized
score than the control freshmen in the initial test along with better results in the final one in
both academic years. Moreover, while the SG outcomes improved between the initial and
final test in 2017–2018 as well as in 2018–2019, the CG performance in the final test was
worse than in the initial one in 2018–2019.

Furthermore, the mean score achieved by both the studied and the control students
in the initial test as well as in the final one in the academic year 2018–2019 was remark-
ably inferior to the mean score reached in the previous year. These different outcomes
were not related to a change in data collecting methods, a change in personnel, or a lo-
cal/global event, but to the choice of focusing the tests in the second year on some possible
misconceptions.

The low scores generally achieved by all the students in the 2018–2019 initial test
demonstrate that what we tested were misconceptions broadly held by freshmen, whereas
the scores achieved by them in the final test confirm the persistence of these misconceptions.

3.1. RQ.1 (and RQ.4): Overall ITM Effectiveness

To determine whether ITM is an effective strategy in order to learn physics in univer-
sity LSC, the findings of the experimental section freshmen who took both the initial and
final tests were analyzed. Both academic years 2017–2018 and 2018–2019 were considered.

Since the Shapiro–Wilk and Levene’s tests did not support a normal distribution
and homoscedasticity (p << 0.01) [99], a non-parametric Wilcoxon signed-rank test for
paired data was employed. Statistically significant differences between the initial and
final test were found. The corresponding effect sizes were both interesting, even though
very different, and the 99% confidence interval did not include zero. This meant that the
improvements in physics of the SG students were not ascribable to randomness and their
intensity was appreciable. Table 3 shows these findings.

These results allowed to partially answer RQ.1, in terms of evidence supporting that
ITM based on the use of PL, technology and lectures can be effective when teaching physics
in LSC.

https://rstudio.com/
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Table 3. Wilcoxon signed-rank test results for SG in the academic years 2017–2018 and 2018–2019 (within subject design).

Section Academic Year Type of Data Students
Number Wilcoxon Signed-Rank Test

Ini T Fin T V p-Value d CI99

SG 17–18 Within subject 63 63 2012 5.995 × 10−12 << 0.01 2.24 (huge) 1.65–2.84
SG 18–19 Within subject 84 84 1914.5 0.001877 << 0.01 0.48 (small) 0.071–0.89

3.2. RQ.2 (and RQ.4): ITM vs. Traditional Academic Lecture Effectiveness

Having implemented Shapiro–Wilk and Levene’s tests [99], a comparison between
the SG and the CG at the beginning of the physics course was completed by using a Mann–
Whitney U test. Firstly, considering all the students of both the studied and the control
section who took the initial test, the p-value called the attention to statistically significant
differences between the knowledge in physics of the two sections in 2017–2018: the CG
was definitely better. On the contrary, in 2018–2019 the two groups appeared to perform in
an equivalent way, with no significant statistical differences in their mean score. Secondly,
taking into account only the students who took both the initial and final tests, the p-value
highlighted that the CG seemed to reveal a significantly higher initial level of knowledge.
Table 4 summarizes the test outcomes.

Table 4. Mann–Whitney U test results in initial test for SG and CG in academic years 2017–2018 and 2018–2019 (between
and within subject design).

Section Academic
Year Type of Data Test Students

Number Mann–Whitney U Test

Z p-Value d CI99

SG 17–18 Between subject Ini 128
3.6577 10−4 << 0.01 0.43 (small) 0.15–0.70CG 17–18 Between subject Ini 303

SG 17–18 Within subject Ini 63
3.2636 4 × 10−4 << 0.01 0.59 (medium) 0.18–0.99CG 17–18 Within subject Ini 133

SG 18–19 Between subject Ini 137
1.8339

0.0657 > 0.01
(> 0.05)CG 18–19 Between subject Ini 322

SG 18–19 Within subject Ini 84
2.8875 0.0047 << 0.01 0.38 (small) 0.33–0.72CG 18–19 Within subject Ini 180

Thirdly, in order to check the SG and the CG learning at the end of the quasi-
experiment, the results of the freshmen taking part in the final trial were compared by
means of a Mann–Whitney U test for unpaired data. It showed that the SG achieved
statistically better outcomes than the CG in both academic years, even though the effect
size showed that the intensity of the effect was negligible in academic year 2018–2019.
Table 5 summarizes the test outcomes.

Table 5. Mann–Whitney U test results in final test for SG and CG in academic year 2017–2018 and 2018–2019 (between
subject design).

Section Academic
Year Type of Data Test Students

Number Mann–Whitney U Test

Z p-Value d CI99

SG 17–18 Between subject Fin 99 −4.0804 10−4 << 0.01 0.97 (large) 0.72–1.21CG 17–18 Between subject Fin 228
SG 18–19 Between subject Fin 103 −3.0112 0.0028 << 0.01 −0.040 (negligible) −0.25–0.17CG 18–19 Between subject Fin 265

Finally, a Wilcoxon signed-rank test for paired data was carried out to examine the
results of the freshmen who completed both the initial and final tests. Comparing the
Wilcoxon signed-rank test implemented for the SG, shown previously in Section 3.1, and
the same test with specific reference to the CG, one can emphasize that the SG always
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showed statistically significant differences between initial and final knowledge and the
effect size was always higher than the effect size that characterized the CG. Indeed, the
control section knowledge appeared to be better in the final test than in the initial one only
in academic year 2017–2018; on the other hand, no statistical differences were highlighted
between the two test outcomes with reference to 2018–2019. Table 6 shows the test findings.

Table 6. Wilcoxon signed-rank test results in initial and final test for SG and CG in academic years 2017–2018 and 2018–2019
(within subject design).

Section Academic
Year Type of Data Students Number Wilcoxon Signed-Rank Test

Ini T Fin T V p-Value d CI99

SG 17–18 Within subject 63 63 2012 6.0 × 10 −12 << 0.01 2.24 (huge) 1.65–2.84
CG 17–18 Within subject 133 133 5502 2.9 × 10 −10 << 0.01 0.71 (medium) 0.38–1.04
SG 18–19 Within subject 84 84 1914.5 0.001877 << 0.01 0.48 (small) 0.071–0.89
CG 18–19 Within subject 180 180 4554.5 0.06563 > 0.01

These outcomes allowed to answer RQ.2, in terms of evidence supporting that ITM is
more effective than the usual transmission form with relation to physics learning in LSC.

3.3. RQ.3 (and RQ.4): Threshold for Exposure to PL for Effective Learning in LSC

Despite belonging to the SG, some of the studied freshmen did not attend all of the PL
sessions; in fact, some of them were absent when the PL sessions took place. Table 7 shows
their actual participation in these lectures.

Table 7. Number of students who attended the PL sessions in the academic years 2017–2018 and
2018–2019.

Section Academic Year PL Sessions

4 3 2 1 0

SG 2017–2018 41 20 10 6 22

CG 2017–2018 0 0 0 0 228

SG 2018–2019 43 29 17 3 11

CG 2018–2019 0 0 0 0 265

After performing Shapiro–Wilk and Levene’s tests [99], a Kruskal–Wallis test was
conducted to take into consideration the different numbers of PL sessions that the students
had taken part in. This test aimed at finding a threshold for the exposure to PL in LSC
in order for it to be effective. The group characterized by no attendance at PL sessions
included freshmen belonging to both the SG and the CG in order to reduce the effect of
the instructors on the freshmen’s findings and increase the number of members in the
benchmark group.

Considering the academic year 2017–2018, the Kruskal–Wallis test revealed a signifi-
cant effect of the number of PL sessions on the students’ outcomes (chi-squared = 19.423, df
= 4, p = 0.0006491 << 0.01). Notwithstanding that this test showed that a difference existed,
it was impossible to establish where it laid; as a consequence, manual post hoc Mann–
Whitney U pairwise comparisons were carried out and statistically significant differences
were found between four and zero PL sessions (4–0: p = 0.00648 << 0.01; 4–1: p = 1.000; 4–2:
p = 0.576; 4–3: p = 1.000; 0–3: p = 0.0308 > 0.01 and < 0.05; 0–2: p = 1.000; 0–1: p = 1.000; 1–2:
p = 1.000; 1–3: p = 1.000; 2–3: p = 0.458). However, it should be highlighted that the test
between zero and three PL sessions showed a very small p-value, which was statistically
significant the level α = 0.05.

Moreover, in order to further decrease the possible instructor effect on the undergrad-
uates’ learning, the SG students who took both the initial and final tests were arranged
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on the basis of the attended PL sessions. A Wilcoxon signed rank test was implemented
and the effect size was calculated. Table 8 summarizes these data and results with specific
reference to 2017–2018.

Table 8. SG students who took both the initial and final tests in 2017–2018, arranged on the basis of the PL sessions attended:
descriptive score statistics in final test and Wilcoxon signed rank test.

PL
Sessions

Students
Number Median Mean Standard

Deviation Wilcoxon Signed Rank Test

Ini Test Fin Test Ini Test Fin Test Ini test Fin test V p d

4 36 4.17 6.67 3.81 7.04 1.37 1.31 666 1.667 × 10−7 <<
0.01

2.40 > 2.24 = doverall

3 14 4.17 7.50 4.05 7.02 1.03 1.41 104 0.00120 << 0.01 2.41 > 2.24 = doverall
2 9 4.17 6.67 2.96 6.02 1.91 1.71 45 0.00763 << 0.01 1.68 < 2.24 = doverall
1 4 - - - - - - - - -
0 0 - - - - - - - - -

The inferential test appeared to be statistically significant for all levels of PL that were
possible to check. It is worth highlighting that the effect size changed evidently between
two and three PL sessions; furthermore, in comparison with the same test carried out on
the overall studied section, characterized by doverall = 2.24 and illustrated in Section 3.1, it
should be underlined that the effect size corresponding to two PL sessions was considerably
lower than that “average” doverall (75%). On the other hand, in the case of three or four PL
sessions the effect size was slightly higher (7%).

An identical analysis was implemented with reference to the academic year 2018–2019.
The Kruskal–Wallis test did not show a significant effect of PL sessions attendance on
the students’ outcomes at level α = 0.01 (chi-squared = 11.896, df = 4, p = 0.0182 > 0.01
and < 0.05). However, the p-value was very small and it would be considered statistically
significant at the level α = 0.05. Coherently, the manual post-hoc Mann–Whitney U pairwise
comparisons did not highlight statistical significance at the level α = 0.01.

Finally, a Wilcoxon signed rank test was performed to investigate the results of the
SG freshmen who took both the initial and final tests. Table 9 synthetizes these data and
results with specific reference to 2018–2019.

Table 9. SG students who took both the initial and final tests in 2018–2019, arranged on the basis of the PL sessions attended:
descriptive score statistics in final test and Wilcoxon signed rank test.

PL
Sessions

Students
Number Median Mean Standard

Deviation Wilcoxon Signed Rank Test

Ini Test Fin Test Ini Test Fin Test Ini Test Fin Test V p d

4 40 2.50 3.33 2.85 3.60 1.36 1.76 424.5 0.0293 < 0.05 0.48 = 0.48 = doverall
3 28 3.33 3.75 2.83 3.27 1.27 1.67 226 0.1978 >> 0.05 -
2 12 2.50 3.75 2.78 3.81 1.44 1.61 39.5 0.2207 >> 0.05 -
1 2 - - - - - - - - -
0 2 - - - - - - - - -

The inferential test did not appear to be statistically significant for all levels of PL
that were possible to check at α = 0.01. However, the p-value corresponding to four PL
sessions was small and statistically significant at the level α = 0.05. With specific reference
to this case, it is worth highlighting that the effect size was equal to the effect size that
characterized the overall studied section (CI95: from 0.025 to 0.93) and illustrated above in
Section 3.1.

These results allow to answer RQ.3, in terms of evidence supporting that there is a
threshold for the exposure to PL in LSC in order for it to be effective, which corresponds to
three or four sessions at the level α = 0.05.
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3.4. RQ.4: Effectiveness of ITM and Topic Difficulty

RQ.4 could be answered by aggregating the results reported in RQ.1, RQ.2 and RQ.3.
The answer to RQ.1 highlighted the ITM’s effectiveness with reference to physics learning
in academic LSC. As a matter of fact, it was verified that this educational method was
effective both in 2017–2018 and 2018–2019, notwithstanding that the size of the effect was
different in the two academic years.

As regards RQ.2 it was found that the ITM was more effective than the usual trans-
mission form in learning physics in LSC. In fact, this claim appears to be appropriate
with reference to both academic years, even though the size of the effect was higher in
2017–2018.

Finally, with reference to RQ.3 it was emphasized that there is a threshold for the
exposure to PL in LSC in order for it to be effective. Needless to say, this result characterized
both academic years even though this threshold is higher when the level of difficulty of the
physics issues addressed is greater.

In conclusion, this ITM tended to be successful despite the level of difficulty of the
physics topics being tested.

4. Discussion

A quasi-experiment was conducted to test the effectiveness of a new educational
practice as a physics teaching method in university LCS throughout the academic years
2017–2018 and 2018–2019. Comparing the results of the SG and the CG students in the
final test, statistically significant differences in their physics conceptual understanding in
favor of the experimental section were highlighted, regardless of the level of difficulty of
the physics topics tested.

Owing to the low number of PL sessions experienced by the SG students, it was a
priori unlikely that a better understanding of a few physical concepts, covered in the PL
sessions, might determine an overall better knowledge of all topics studied in their physics
course. Rather, the PL sessions aimed at creating a positive learning experience fostering
students’ self-esteem, self-efficacy and the development of self-assessment. These factors
are considered crucial in order for the students to achieve overall meaningful learning.
Moreover, this possible positive learning experience seemingly promoted a different study
method for participants outside the formal context of the lectures, i.e., students might
employ a PL strategy in their own study time.

Although the use of active methods in the context of academic LSC is a major challenge
and their efficacy in learning physics appears to be moderate on average, the intensity of
the effect measured was definitely higher than the mean values mentioned in the scientific
literature (Hedges’ g = 0.314 [17], Cohen’s d = 0.40 [58]). When searching for moderators of
this effect, it was not possible to uncover any influence from the instructor or the level of
difficulty on the undergraduates learning at this stage. Therefore, a plausible conclusion
was that the ITM is effective in relation to learning physics in university LSC (RQ.1),
performing better than traditional methods (RQ2).

One might consider at this point the specificities of the ITM’s effect; the RQ3 and RQ4
come to help in this endeavor. In fact, the overall evidence showed that ITM is effective
with a relatively small time of exposure to PL (RQ3) and regardless of the level of difficulty
of the issues tested (RQ.4).

With reference to the third research question (RQ.3), data analysis seems to highlight
the existence of a threshold for the exposure to PL, as a key component of ITM, in large class
formats in order for it to be effective. From inferential analysis this minimum level seems to
be higher when the trial difficulty is greater and this threshold could be established at about
110 min (three PL sessions) and 150 min (four PL sessions) in 2017–2018 and 2018–2019,
respectively.

Focusing on the studied students who were grouped on the basis of the attended PL
sessions and who took both the initial and final tests, not only could this study strengthen
the aforementioned conclusion, but it also succeeded in neutralizing the contribution
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of the teacher, who was always the same, to the freshmen’s learning. Not every group
showed statistically significant differences between the initial and final tests; moreover, the
corresponding intensities of the effect were not all equal to each other and to the “average”
value characterizing the overall SG. Consequently, ITM, with a strong presence of PL
mediated by technologies like SRSs, seems to be effective regardless of the instructor’s
contribution to the undergraduates’ learning.

Moreover, if only the students who participated both in the initial and final tests are
considered, the aforementioned claim on the ITM’s greater efficacy relative to the traditional
teaching strategy is further corroborated. More evidence comes from the case of all of the
students who took the final trial: the SG achieved a better, statistically significant result
than the CG in the final test both in 2017–2018 and 2018–2019, even though the situation
at the beginning of the physics course was reversed in the first year and equivalent in the
second one.

Moving to RQ4, although the ITM appeared to be more successful than the traditional
teaching strategy regardless of the level of difficulty of the topics tested, the intensity of the
effect was considerably different between the two academic years, i.e., it was decidedly
lower when the test was more difficult (lower mean DI). However, the physics knowledge
of the CG students who took both the initial and final tests in 2018–2019, when the level
of difficulty was higher, did not show statistically significant differences between initial
and final test. On the one hand, the size of the improvement in physics conceptual
understanding that characterized the SG freshmen who took both the tests was negligible
in 2018–2019. On the other hand, the traditional methods were not able to definitely
determine any improvements in the physics learning of the CG freshmen.

All in all, according to the scientific literature, PL might help to improve students’
physics learning more than traditional lectures but the novelty in this study is that it may
have appreciable, above average results in university LSC. In spite of the difficulties analyz-
ing the role played by the instructors, the ITM was found to be consistently advantageous
in several analyses carried out to test its effect. This is certainly an issue that requires
further investigation when dealing with PL in LSC.

5. Conclusions

Physics educational research has widely investigated the effectiveness of employing
many different active methods in academic introductory physics courses. Many studies
generally indicate that these teaching strategies increase class attendance and learners’
engagement and improve students’ conceptual understanding of the physics topics, albeit
to varying degrees depending on the specific methodology adopted. Conversely, there is
not much agreement on such strategies’ impact on the acquisition of other important skills
by the learners, for instance problem solving, in comparison with a traditional approach.
Moreover, many of the studies have been carried out in the context of small or medium
size classes, whilst academic institutions face the increasing challenge of the massification
of higher education resulting in LSC.

Addressing this limitation in the scientific literature, in this study we analyzed the
problem of how to improve university students’ physics learning from a novel perspective,
investigating the effectiveness of an educational strategy based on the synergetic integration
of PL activities, strengthened by the use of technology, into traditional physics lectures and
drills as a physics teaching method in university LSC. As a consequence, the challenge
of adopting this integrated strategy is to value the merits of both active methods and
traditional lectures and drills, and limit their own flaws. All in all, this combined strategy
has proved to be effective in fostering learners’ conceptual understanding of physics in the
context of LSC and more successful than traditional courses centered on classical lectures.
Although the efficacy of the methodology was confirmed for physics topics characterized
by dissimilar levels of difficulty, the size of the effect tended to be appreciably different: it
was large when the topics tested were easier, but small if they were more complex.
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However, if a correlation can be argued between the employment of this teaching strat-
egy and the improvement of the students’ level of knowledge in physics, the instructor’s
role and their contribution to the undergraduates’ learning will be further investigated.

Furthermore, a threshold for the exposure to PL in LSC in order for it to be effective has
been highlighted. This minimum level of exposure appears to depend on the complexity of
the physics topics addressed, but at any rate it corresponds to a small percentage (2–2.5%)
of the total time of the physics course attended by freshmen.

This is an important result considering the common reasons frequently indicated by
instructors to explain their resistance to active learning strategies, such as lack of time. A
possible transition from a traditional approach to this ITM would not require an instructor
to revolutionize their physics course design and their approach to teaching. Moreover,
implications for STEM teaching also emerge from the present study: this ITM may be
applied to a wide range of scientific disciplines and courses with minor changes, i.e.,
adapting the tests and the PL activities to the specific subjects.

These promising results may thus foster ongoing changes in university policy towards
the renewal of the teaching methodology, which is actually urged by policy makers in the
European Union and the United States, among others.

Finally, further studies should explore possible improvements in students learning
with reference to a higher level of exposure to PL activities and a more intensive use
of technology.
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