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Summary. — Nowadays, academic institutions face the challenges of an increas-
ing number of student enrolments as well as dropouts. An important factor which
allows predicting learner dropout is the number of university educational credits
gained across the first term in the first academic year. Since active methods en-
hance students’ learning more than traditional lectures, a possible effect of their
implementation in an academic course might be an increase in the pass rate in final
examinations, thus contributing to moderate the learners’ dropouts. In this perspec-
tive, a case study was implemented to examine whether integrating peer learning into
traditional physics lectures through the use of technology may have positive effects
on student learning in large size classes. This study aimed at 1) outlining how this
educational method was implemented in the context of an academic physics course
at Politecnico di Milano, and 2) illustrating some preliminary results regarding the
final achievement of the students involved in this teaching methodology.

1. – Introduction

A critical issue for STEM faculties is that few students achieve a degree, being the
dropout rate considerable in the first years of higher education [1-4]. Even worse, roughly
twice as many women abandon STEM fields as do men [5]. By way of illustration,
although approximately one-third of university students worldwide leave their academic
institution in their first year [6], it has been estimated that roughly four out of ten
undergraduates who entered a US college to study a STEM subject eventually chose
a non-STEM programme [7]. In this context, Italy is no exception with 28.3% of its
university population dropping out and about 20% abandoning their tertiary institution
within the first two academic years [8].

While in the 1960s student retention or the lack thereof was ascribed to the single
learner and was considered the result of individual attributes, skills and motivation, this
view began to change in the 1970s [9], when the relationship between individuals and
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society was reconsidered and the emphasis significantly shifted to the role of the environ-
ment, in particular the academic institution [10-12]. Tinto [12, 13] proposed a detailed,
longitudinal model based on the concept of integration and the patterns of interaction
between the learners and other members of the university, with specific reference to the
critical first year of attendance.

As regards learner retention, further studies [14, 15] have highlighted that students’
involvement in the classroom plays a paramount role given that the classroom is the
place where they meet each other and engage with the academic institution. Actually,
involvement, or what is increasingly being referred to as engagement, can make a differ-
ence during the delicate first year of higher education [16]. According to Tinto [14, 15],
implementing educational innovation and renewing the teaching practice contribute in a
decisive way to learners’ engagement which, in turn, results in a strengthened student
persistence. Furthermore, Eris et al.’s longitudinal study [17] shows that notable dif-
ferences between persistent and non-persistent engineering students may be the results
of their family attitude to science and technology. Moreover, high school mentors may
influence both learners’ motivation to start an engineering career, and confidence in their
maths and science skills.

However, it has been emphasised that some individual factors like a lack of interest,
disappointment in the subject, below average performance, and loss of self-efficacy [18,
19] may lead to attrition in STEM faculties. Furthermore, institutional factors such
as poor teaching or mentoring and excessive rigour of the programme should not be
underestimated [20,21].

Given that limiting the dropout rate represents a challenging task in STEM faculties,
the ever-increasing use of data mining techniques in the last decade has allowed to better
estimate the students’ features which can lead them to abandon their academic institu-
tion [22-25]. In a recent study based on administrative data from the Italian Politecnico
di Milano, it has been pointed out that the most important factor which allows predicting
Politecnico di Milano students dropout is the number of university educational credits
(CFU) gained across the first term of the first academic year [26]. As a consequence, to
enhance the pass rate of academic courses, especially if they are perceived as a challenge
by learners, could allow to mitigate the dropout phenomenon.

As far as Physics is concerned, the literature on Physics pedagogy has demonstrated
that learning this discipline often proves to be a notable and demanding testing ground
for many university students who are taking courses in STEM faculties [27-29]. By way
of illustration, Bozzi et al. [30] examined the exam marks earned by the engineering
undergraduates (N = 2.350) matriculated at the Politecnico di Milano, Italy. These
undergraduates attended a physics course in the first term of academic year 2018–2019.
Findings indicate that fewer than six students out of ten completed their final exam
before the second academic semester began, although on average their mark was lower
than 24/30. It is worth noticing that the highest mark is 30/30 cum laude in the Italian
university context, while 24/30 is not deemed as a high mark.

Stains et al. [31] argue that traditional lectures are still largely used in most of
the physics courses offered in higher education across the world. Several studies have
compared traditional physics lectures and the effectiveness of interactive-engagement
methodologies. Some meta-analyses [32, 33] indicate that active learning is more benefi-
cial, particularly in terms of conceptual understanding [34,35]. Peer Instruction [36-41],
Problem-Based Learning [42] and Student-Centred Activities for Large Enrolment Un-
dergraduate Programs [43-45], are among the most noticeable pedagogical strategies
designed and implemented in numerous North American universities which offer physics
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courses. These student-centred approaches aim to maximise student learning potential
through learners’ intellectual and emotional engagement. The core element that allows
categorising an educational methodology as active learning is definitely the students’
involvement in the learning process [46].

In line with the cognitivist and socio-cultural theory of learning, empirical research in
higher education has recognised two types of learning, namely deep learning and surface
learning [47]. Whereas the former consists of a critical analysis of new facts and ideas,
linking them with already existing cognitive structures and shaping innumerable connec-
tions among these ideas, the latter assimilates them uncritically, featuring a tendency
to store them as isolated and detached items [48, 49]. On the whole, the theory and
research into learning and, specifically, learning in higher education have made the im-
portant point that active methods are effective in generating and activating meaningful,
situated, and deep learning [49,50].

However, some factors seem to complicate lecturers’ adoption of active methods, which
hinders their spread in academia. Indeed, although they are globally spread, even if un-
evenly, in academic institutions worldwide, active learning strategies are still disregarded
on a large scale in STEM curricula more frequently than one would anticipate. While
their implementation in physics courses has truly spread in a growing, though still re-
stricted, number of academic institutions in the US [31], this is not the case for European
universities, and Italian universities are no exception [50-52]. Indeed, among the most
frequent reasons for resistance to the implementation of active learning practices, prac-
titioners’ limited resources, a dearth of time, and a limited departmental as well as
institutional support feature as major hindrances, with problems concerning syllabus
content coverage as another important deterrent [53,54].

A further issue which merits attention is the adoption of active teaching methods,
which might prove to be one of the most challenging tasks due to the complex logis-
tics which large size lectures often demand. Several researchers argue that increasingly
crowded classes are one of the unfortunate by-products of the massification of higher
education [55-57]. To compensate for this unwelcome phenomenon, instructors often opt
for traditional lectures although they frequently generate lower acquisition of knowledge
and skills, given the fact that in traditional lectures students chances of interacting with
their instructors and having a feedback from them tend to be limited [58]. Numerous
research studies have shown that overcrowded classrooms may hinder students’ acquisi-
tion of knowledge and skills. In this regard, large size classes represent an alleged factor
in making lecturers deem traditional lectures as the only feasible teaching methodol-
ogy [31, 59, 60]. Importantly, studies on active learning which have been undertaken in
Europe frequently engage small or medium size classes [35, 61, 62]. As a consequence,
university lecturers who need to address the problems of large size formats can only rely
on little evidence of how to incorporate active pedagogies in their teaching context [63].

Within the realm of active strategies, peer learning (PL) is likely to be considered
inappropriate in overcrowded settings, in spite of its major contribution to effective
learning in higher education [64]. Contrary to what one might think, PL does not refer to
a unique, homogeneous educational methodology and, over time, ten different types of PL
have been identified, inter alia peer feedback sessions in class, student-to-student learning
partnerships, study groups, student-led workshops, and team projects [65,66]. According
to Boud et al. [66], PL consists in the adoption of learning and teaching strategies in which
students learn from and with each other without the immediate support of a teacher.
Its goal is promoting attitudinal change or conceptual understanding [66]. Beyond the
alternative models, however, a PL distinctive feature is the interdependent learning based
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on participants sharing their ideas, knowledge and experience in a mutually beneficial
endeavour [67]. Another noteworthy hallmark of PL is that all the participants have
the same role: nobody interprets the role of the expert practitioner or teacher, even
though some peers might have previous valuable experience or expertise [68]. In our
study, a PL session includes four different steps: a) the learners individually answer
some multiple-choice items, which allows for a brief reflection on the topic. According to
Nicol and Boyle [69] and Nielsen et al. [70], this introductive thinking time appears to
be particularly beneficial for the subsequent group discussion; b) the discussion among
peers in small groups; c) the students individually answer the same items tackled in
the previous phase a); and d) a brief explanation of the items from the instructor. Not
only do these PL sessions allow learners to experience effective cooperative feedback
discussions [71], which are proven to be very powerful in promoting learning [72], but
they also represent a feedback from the students to the instructor, which is even more
powerful [71].

In conclusion, a complete transition of physics courses in higher education from a
teacher-centred pedagogy to a completely student-centred approach, especially within
the context of large size classes, appears to be anything but feasible or satisfactory in
the next few years. Thus, it seems to be sensible and perhaps unavoidable to examine
the educational potential of a combined and synergistic use of traditional lectures and an
active learning method like PL, supported by the methodical use of technology. Further-
more, it would be appropriate at this point to attempt to examine some effective ways
of using this synergistic approach in large size classes. In the Italian scenario, despite
the hegemonic role which is still played by transmittal lectures in academic programmes,
Politecnico di Milano has started to include active learning in large size formats with
promising results, an endeavour which deserves further investigation [73-77].

2. – Method

2
.
1. Research design. – Since active methods employed in university classes enhance

students’ learning more than traditional lectures even in the context of large size for-
mats [33, 75], a possible effect of their implementation in an academic course might be
an increase in students’ pass rate in final examinations. In this perspective, in academic
year 2021–2022, a physics course usually offered to Politecnico di Milano freshmen has
been selected to implement a case study aimed at examining the possible positive effects
on students learning of an integrated use of PL, technology, and traditional physics lec-
tures in large size classes. Differently from other active methods, like peer discussion [37],
employed in several universities, this innovative teaching methodology is characterised
by the integration of active methods and traditional lectures rather than completely re-
placing the latter with the former. Moreover, a further innovation is the adoption of
active methods in the context of large size formats.

This study aimed at 1) outlining how this educational method was implemented in
the context of an academic physics course, and 2) illustrating some preliminary results
regarding the final achievement of the students involved in this teaching methodology.

2
.
2. Research context and participants . – The case study was conducted at Politecnico

di Milano, located in the North-Western part of Italy, in the first term of academic year
2021–2022, and involved an academic basic physics course called “Fisica Sperimentale
A+B” (“Experimental Physics A+B”). It focused on some mechanics and electromag-
netism topics and granted 10 CFU to the learners who passed its final exam. While me-
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chanics contents regarded Newtonian mechanics of material points, energy and energy
transfer, momentum and collisions, oscillatory motion and gravity, electromagnetism
topics concerned electric forces, electric fields, electric potential, conductors, insulators,
electric current, magnetic forces and magnetic fields.

This physics course is usually attended by both 19-year-old learners enrolled on the
first year of Chemical Engineering and freshmen who study Materials and Nanotechnol-
ogy Engineering. The participants, all of whom accepted to declare their gender, were
202, with 62 females and 140 males. Owing to the problems posed by the COVID-19 pan-
demic which still conditioned ordinary life of the Italian citizens at that time, students
could opt to attend the course in presence, online or in a blended mode. Politecnico di
Milano administered an online questionnaire to all the students enrolled in the academic
course “Fisica Sperimentale A+B” at the end of the first term of academic year 2021–
2022. In quantitative terms, 167 students out of 202 (82.7%) answered it, 87 learners
(52.1%) stated that their in-presence participation to lectures and drills was higher than
50%, while 61 (36.5%) claimed online attendance higher than 50%. Finally, the partici-
pation to the course of 19 learners (11.4%) was lower than 50%. Notwithstanding that,
the university regulation did not require mandatory attendance of this course and learn-
ers were not compelled to attend it, the average number of participants in each lecture
was about 100 or higher; therefore, the size of the class might be regarded as large.

In academic year 2021–2022 “Fisica Sperimentale A+B” lasted for 100 hours, 57 hours
of which were dedicated to traditional lectures within a theoretical framework, 40 hours
consisted in drills aimed to develop and heighten the students’ problem-solving skills, and
3 hours were devoted to PL activities. The overall number of PL sessions periodically
offered to the learners during the course in 2021–2022, which began in the middle of
September 2021 and finished in last decade of December 2021, was seven. Figure 1
illustrates the physics course design.

At the beginning of every physics course scheduled in the first term of that academic
year, like Fisica Sperimentale A+B, an initial questionnaire was administered to all Po-
litecnico di Milano freshmen enrolled on those courses. This questionnaire consisted of
18 multiple choice items, 6 of which focused on Mechanics issues, 6 were based on Ther-
modynamics topics and the last 6 dealt with Electromagnetism subjects. The students
gained 1 point for each correct answer and 0 points in all other cases. Moreover, the
students could use their own electronic devices to answer the questionnaire. Through
this tool we could compare the initial level of knowledge in physics between the learners
attending Fisica Sperimentale A+B and the other Politecnico di Milano freshmen.

As aforementioned, students experienced seven PL sessions periodically during the

Fig. 1. – “Fisica Sperimentale A+B” design in academic year 2021–2022.
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course, four of which dealing with some mechanics topics and three focused on electro-
magnetism contents. Every PL session started with a questionnaire administered to the
students through the online portal Socrative, whose use as a student response system
has been broadly investigated in relation with interactive teaching [78,79]. The question-
naire consisted of three multiple choice items and the participants had to answer each
question using their own electronic devices, coherently to the satisfactory outcomes that
have been documented with reference to the Bring Your Own Device approach [80]. In-
deed, it has been emphasised that the use of technology in higher education teaching and
learning contexts reinforces learners’ engagement [81] and academic performance [82,83].
Furthermore, PL decidedly benefits from its use [82]. The time allotted to each item, for
which four possible alternatives were provided with only one correct answer, was 1.50
min. Furthermore, all these thought-provoking questions were different from the ones
administered during the initial questionnaire. Immediately after answering the first ques-
tion and without getting any feedback on accuracy, participants were asked to discuss
the item in small groups (3–4 people) for few minutes (3–5 min) with their fellow learners
sitting next to them. In Mazur Peer Instruction method, the lecturer recommended each
participant to try to persuade the other students in the small group that their answer to
the question was correct by explaining their underlying reasoning. Moreover, the lecturer
moved around the classroom listening to them and asking questions to help learners in
their reasonings [84]. On the contrary, during our peer discussion phase, the instructor
was not involved in the discussion among the students and did not move around the room
or listen to their debate. As aforementioned, PL sessions also represented important oc-
casions of feedback from learners to the instructor, who easily set the pace of their work
and ensured unobtrusively the proper conduct of this educational activity. Indeed, the
aim of the discussion phase was not only to seek out the correct answer or to convince
the other learners and reach a shared answer, but to discover the complexity of the item
topic by tackling it from different perspectives without any influence of the teacher.

At the end of this debate, they retook separately the same question and had again
1.50 min to reflect and draw their own conclusions on the issue previously discussed with
their peers. Then they focused on the following item. Finally, the correct answer to each
item was given with a brief explanation of the reason why the other alternatives were
wrong (3–5 min). Table I summarises the stages of a PL session.

Figure 2 shows an example of a thought-provoking question.

Table I. – Stages of a PL session.

Stage Number of times Allotted time (min)

Thought-provoking question before 3 4.5
discussion among peers
Discussion among peers 3 9–15
Thought-provoking question after 3 4.5
discussion among peers
Instructor explanation 1 3–5
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Fig. 2. – An example of a thought-provoking question administered both before (PRE) and after
(POST) the discussion among peers.

Table II. – Academic physics course Fisica Sperimentale A+B: total number of students at-
tending, number of students who passed and failed the final exam with reference to 2021–2022.

Academic year PL Total number Pass number Failure number
of students (percentage) (percentage)

2021–2022 Yes 202 88 (43.56) 114 (56.44)

3. – Results

The data collected were examined through the statistical opensource software R (ver-
sion 4.2.2) in the integrated development environment RStudio (https://rstudio.com/
accessed on 23 June 2023). The statistical significance was beforehand established at
level α = 0.05.

To have a preliminary evaluation of the effectiveness of our innovative integrated
educational strategy in large size academic classes, we calculated the pass rate of fresh-
men attending Fisica sperimentale A+B in their Physics course final exam during the
first examination session, which lasted from January 2022 to February 2022. Table II
summarises these results.

4. – Discussion and outcomes for the future

In the context of a physics course offered to some Politecnico di Milano Engineering
freshmen across the first term of academic year 2021–2022, a case study was implemented
to investigate the effectiveness of a new pedagogical practice, based on the integration
of PL activities, strengthened by the use of technology, traditional lectures, and drills.
We preliminarily demonstrated that the knowledge in Physics of the students enrolled
on Fisica Sperimentale A+B in academic year 2021–2022 did not differ from the one
of the other freshmen who attended a basic physics course in the same academic term.
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Although the former achieved a mean score in the initial questionnaire which was slightly
lower than the latter, their mean score (5.54 and 6.02, respectively) appeared to be much
lower than the maximum score potentially achievable, i.e., 18. It implies that all these
learners appeared to be slightly weak in Physics and the COVID-19 pandemic probably
played a paramount role to explain these results.

A preliminary analysis of the final exam results highlighted that the pass rate was
about 44% and this may suggest a positive influence of the PL sessions. However, we
would like to emphasise that no conclusion can be drawn on the basis of these descriptive
statistics analyses and these promising results need to be further investigated. A possible
future step could consist in comparing the performance of our studied group with an
appropriate independent control group through inferential analysis.
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