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Abstract. Active methods tend to bolster university students’ learning. Previous studies
highlight that they generally improve learners’ outcomes in concept inventories focused
on conceptual understanding. In the context of a physics course offered to some Italian
Engineering freshmen in academic year 2021-2022, a quasi-experiment was
implemented to investigate the effectiveness of a new pedagogical approach, based on
the synergistic use of different educational practices and tools, and strengthened by the
use of technology. Its effectiveness was measured investigating the freshmen’ rate of
success in their physics course final exam. This study highlights that this methodology
is effective in increasing students’ learning in the context of large size formats and a
conservative estimate quantifies in 9.4% the size of this effect.
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1. INTRODUCTION

The transition from secondary to tertiary education is a challenging step which
requires students to take a true quality leap in terms of effort, determination and
perseverance. In science, technology, engineering and mathematics (STEM)
faculties introductory physics, mathematics and chemistry courses are a
stumbling block to undergraduates, who face the risk of modest results in their
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final examination or outright failure (Bozzi et al., 2019, p. 2241; Medicine et
al., 2016; Ornek et al., 2007; Redish et al., 2006).

Koch (2017) defines high-enrolment, foundation courses, characterised by
low success rate, gateway courses. They often constitute barriers which learners
need to overcome if they want to achieve graduation (Gasiewski et al., 2012;
Medicine et al., 2016). A negative learning experience in these gateway
courses, indeed, represents one of the principal reasons for dropping out
(Seymour & Hunter, 2019).

Since the end of the 20™ century it has been pointed out that the adoption
of active methodologies in STEM courses bolsters students’ learning (Hake,
1998). These findings have been confirmed by both a meta-analysis which
examined 225 studies involving a wide range of active instructional practices in
different disciplines (Freeman et al., 2014), and a number of recent studies
(Balta et al., 2017; Bauer et al., 2022; Bozzi et al., 2021). In a recent book,
Hattie (2023) provides a synthesis of more than 2,100 meta-analyses covering
about 130,000 studies which engaged over 200 million students at all levels of
education, from primary school to tertiary level. The authors categorise about
350 factors related to learning outcomes from very positive effects to very
negative influences and the average effect size taken into account (Cohen’s d)
is .40.

Hattie’s investigations (Hattie, 2008, 2023; Hattie et al., 2015) show that
some widespread active methodologies have a positive effect size, although
lower or equal to the mean value. For instance, Cohen’s d (d) for problem-
based learning and for cooperative learning is respectively .12 and .40. On the
contrary, such factors as classroom discussion (d = .82), positive peer
influences (d = .53) and peer tutoring (d = .53) show a higher effect size than
the average value. With specific reference to the teaching of physics, Student-
Centred Activities for Large Enrolment Undergraduate Programs (Beichner,
2007; K. Foote et al., 2016; K. T. Foote et al., 2014), Problem-Based Learning
(Duch, 1996) and Peer Instruction (Crouch & Mazur, 2001; Dancy et al., 2016;
Korpas et al., 2019; Rudolph et al., 2014; A. K. Wood et al., 2016; Zhang et al.,
2017) are among the most noticeable pedagogical strategies designed and
implemented in numerous universities.

Educational research allows arguing that students’ conceptual
understanding thrives when active methods are employed in STEM courses



(Freeman et al., 2014; Hake, 1998; Wieman, 2014). Furthermore, these
interactive-engagement methods foster learners’ interest, self-efficacy (Dou et
al., 2018), metacognitive regulation (De Backer et al., 2015), motivation and
engagement (Schunk & Zimmerman, 2012), which improve their academic
outcomes (Delaney & Royal, 2017; Schunk & Zimmerman, 2012; Williams et
al., 2019).

Freeman et al.’s (2014) seminal investigation highlights, however, that
active learning improves learners’ outcomes in concept inventories more than
in final course examinations. Moreover, it has been empirically demonstrated
that these educational approaches foster a reduction in the achievement gap
which could afflict under-represented groups in STEM faculties (Seymour &
Hunter, 2019; Theobald et al., 2020).

Nevertheless, the use of active methods in the gateway courses of STEM
faculties remains sparse even despite an increased awareness of the need to
implement them (Rasmussen et al., 2019; Seymour & Hunter, 2019; Stains et
al., 2018). Instructors’ dearth of time, their need to cover completely the
syllabus content of their academic course, limited resources available, and a
bland departmental as well as institutional support hamper their spread
(Deslauriers et al., 2019; Silverthorn et al., 2006). A further barrier which may
hamper the adoption of active learning is large size classes (Apkarian et al.,
2021; Hornsby & Osman, 2014; Palfreyman et al., 2011; Scott, 1995; Shadle et
al., 2017; Sturtevant & Wheeler, 2019). It is no wonder, thus, that studies on
active methods undertaken in Europe frequently involve small or medium size
formats (Leinonen et al., 2017; Schiltz et al., 2019; A. K. Wood et al., 2014).

Although the Italian context is even more complicated by the hegemonic
role played by traditional academic lectures, the effects of innovative teaching
methods like peer learning (PL) on students’ conceptual understanding has
already been investigated in the context of Italian STEM large size classes
(Bozzi et al., 2018, 2021; Commission’s Expert Group on Quality Investment
in Education and Training et al., 2022; Directorate-General for Education,
2022; Raffaghelli et al., 2018).

In this study we wish to further investigate the issue of PL effectiveness in
large size formats to examine whether this innovative educational methodology,
already illustrated in previous studies (Bozzi et al., 2021, 2023), may contribute
to improve not only the learners’ conceptual understanding, but more generally



their learning strategies and bolster different skills, like problem-solving and
metacognitive skills.

2. METHOD

2.1 REASERCH DESIGN
In the Italian context, undergraduates’ achievements in introductory physics,
mathematics and chemistry courses are generally assessed through instructor
written exams which focus on problem-solving skills rather than conceptual
understanding. Although this type of final examination is probably not the most
favourable to evaluate the effectiveness of active instructional practices
implemented in gateway courses, this is a widespread option adopted by many
Italian universities, departments and instructors to measure learners’
achievements. Thus, a wider adoption of innovative teaching methods requires
taking up the challenge of demonstrating that they are effective in improving
undergraduates’ results in final exams based also on skills different from
conceptual understanding. As a result, in the present study we identified the
pass rate of a physics course as the dependent variable, comparing freshmen
who attended and not attended the peer learning (PL) sessions and evaluating
the amount of attendance.

In this regard, an innovative teaching methodology was implemented in
the context of an introductory physics course attended by some Politecnico di
Milano freshmen in academic year 2021-2022. Its main characteristics were the
synergistic use of different educational practices and tools, like concept tests
with double vote within the “Bring Your Own Device” (BYOD) framework,
students response system (SRS), discussions among peers and explanations
provided by an expert, along with the integration of active methods enhanced
by the use of technology, traditional lectures, and exercise sessions in large size
formats. A research question was formulated:
(RQ) Does this integrated teaching methodology improve the students’ final

examination pass rate in a physics course?

2.2 RESEARCH CONTEXT AND PARTICIPANTS

In the first term of the academic year, Politecnico di Milano freshmen enrolled
on both Chemical Engineering and Materials and Nanotechnology Engineering
are required to attend an introductory physics course called “Experimental



Physics A+B” (“Fisica Sperimentale A+B” in Italian language). In this gateway
course students address a number of mechanics and electromagnetism topics
and are granted ten university educational credits if they pass the final exam.

In academic year 2021-2022 we conducted a quasi-experiment which
involved 202 first year students enrolled on “Experimental Physics A+B”. In
terms of gender, 62 of them identified themselves as females and the others 140
as males. According to a student survey, conducted by our university at the end
of the term, the attendance at this academic course was high. Only 5.4% of the
participants attended less than 25% of the activities, namely lectures and
exercise sessions. Moreover, only 11.4% of the learners attended less than 50%
of this course.

Moreover, all of them accepted to participate in the study. As the students
were numerous, the size of the class may be regarded as large.

2.3 DESIGN OF THE TEACHING/LEARNING EXPERIENCE

The overall duration of “Experimental Physics A+B” was 100 hours, from
September 2021 to December 2021. Traditional academic lectures within a
theoretical framework covered 57 hours, 40 hours consisted in exercise sessions
aimed at fostering learners’ problem-solving skills, and 3 hours were devoted to
PL activities which were divided into 7 sessions focused on mechanics (4
sessions) and electromagnetism topics (3 sessions). Offered to the learners on
average every ten days, the PL sessions were included within seven traditional
lectures and the setting was the same large lecture classroom. They were
conducted by the same instructor who gave classic academic lectures and their
attendance was not mandatory in the same way as every lecture or exercise
session. Moreover, the students did not know when the PL sessions would take
place beforehand.

As illustrated in Bozzi et al. (2023), each PL session developed over four
steps, the former three were repeated three times and the latter only once at the
end of the session. In every PL session a questionnaire of three multiple choice
items given in a sequence was administered to the learners through Socrative,
an online portal whose effective use as a SRS has been extensively investigated
(Balta et al., 2018; Goémez-Espina et al., 2019; Guarascio et al., 2017; Lim,
2017; Wood & Shirazi, 2020). Since the BYOD approach has been documented
to be successful in terms of students’ engagement and outcomes (Afreen, 2014;



Blasco-Arcas et al., 2013; Caldwell, 2007; Hattie, 2008, 2023; Mayer et al.,
2009; McLean, 2016), we asked participants to answer every question by using
their own smartphones, tablets or laptops. Each item provided four possible
alternatives, one correct and three incorrect, and the learners had 1.50 min to
give their answer.

Before describing the design of the PL session in detail, it is worth noting
that these items were constructed ad hoc by the researchers to highlight some
widespread misunderstandings or conceptual errors which freshmen often make
about some topics discussed in our academic course. They are frequently
related to how these issues were addressed in their physics lectures at high
school. These closed-ended questions were generally based on the researchers’
professional background and experience in teaching physics and their
awareness of how these topics were proposed in some popular Italian high
school physics textbooks. Moreover, they were not selected from or inspired by
published concept inventories or research-based textbooks (see Appendix 1 for
one of these items).

As aforementioned, each PL session developed over four steps repeated
three times. The first step began when the instructor showed to the participants
the first item and gave them 1.50 min to answer it. After this first question was
completed, and without any feedback on the answer, a peer discussion phase
was developed in small groups (3—4 people) for few minutes (3—5 min). This
was the second step. For ease of arrangement, participants were instructed to
work in groups with students sitting next to them. At the end of this discussion,
they answered the same question individually again. The time allotted to this
third step was again 1.50 min. This way, the students debated the issue with
their classmates in the small group and soon afterwards could ponder personally
on it and draw their own conclusions.

This sequence was repeated in succession twice more so that the freshmen
could address also the second and the third item of the questionnaire. Finally,
there was one last step, i.e. the explanation from an expert, which lasted
between 3 and 5 minutes. The instructor gave the correct answer to every item
in the concept test and explained why the other alternatives were incorrect.
Moreover, the teacher showed the percentage of participants who had chosen
the different options in each question. These different percentages were shown
only at the end and not after the first and the third step, not to influence the peer
discussion phase and the possible contribute of each participant to it.



In conclusion, we would like to emphasise again that PL should not be
intended as peer discussion alone, considering that our overall innovative active
method combined a plurality of educational tools and instructional practices,
among others peer discussion.

2.4 MODELLING OF THE PROBLEM AND INDEPENDENT VARIABLES

To assess the effectiveness of our innovative teaching method, we considered
the freshmen’ rate of success in their physics course final exam during the first
examination session (dependent variable), which took place between January
2022 and February 2022. The final examination was an instructor written exam.
It lasted for two hours and consisted in four problems, two focused on
mechanics topics and the other two on electromagnetism subjects (see
Appendix 2 for an example of these problems).

This pass rate was conceivably influenced by multiple factors, like
students’ motivation, engagement, interest, initial knowledge in Physics and,
we hope, our integrated educational approach. To evaluate their role and
quantify their weight on the pass rate, two independent variables, were defined,
namely “Attendance at the PL sessions” (V1) and “Exposure dose to the PL
sessions” (V2).

V1 was a dichotomous variable which aggregated the learners on the basis
of their attendance or non-attendance at the PL sessions. These data were
collected during the same PL sessions. The criterium adopted was 50%, hence
freshmen who had attended more than 50% of the PL sessions, from 4 to 7
sessions, were considered to have been exposed to PL and constituted the first
group (G1). Those who were classified as not exposed to PL (between 0 and 3
sessions attended) were assigned to the second group (G2). It should be
emphasised that factors like students’ motivation, engagement and interest
could be substantially assumed constant into G1 and G2, while they showed a
discontinuity in the transition from G2 to G1. It seems reasonable, indeed, to
assume that learners who attended nought PL sessions rather than one or,
symmetrically, six sessions rather than seven did not have a truly different
motivation, engagement and interest. Therefore, V1 was sensitive to these
factors but, at the same time, was not extremely sensitive to exposure to the PL
methodology due to the fact that being a dichotomous variable, it condensed the



eight possible exposure doses, which were in themselves few, into just two
categories (exposed vs non-exposed).

V2 was an ordinal variable which aggregated the freshmen on the basis of
the number of PL sessions which they had attended and it ranged from 0 to 7. It
was blatantly sensitive to exposure to PL methodology, but it modelled the
other factors worse than V1. Finally, on account of the high course attendance
rates (see paragraph 2.2), V1 and V2 may not be extremely sensitive to the
students general attendance at traditional lectures and exercise sessions.

3. RESULTS

The data collected were analysed through the statistical opensource software R
(version 4.2.2) in the integrated development environment RStudio
(https://rstudio.com/ accessed on 8 November 2023). The statistical
significance was beforehand established at level a = .05.

3.1 IMPACT OF THE STUDENTS’ INITIAL KNOWLEDGE IN PHYSICS

A first investigation stage consisted in determining the initial level of
knowledge in physics of all the students enrolled on “Experimental Physics
A+B” and involved in this study at the beginning of the course. For this
purpose, an initial questionnaire on some physics topics was administered to the
participants during one of the first lectures of the academic course (see
Appendix 3 for an example of these problems).

This questionnaire consisted of 18 multiple choice items focused on some
mechanics (6), thermodynamics (6) and electromagnetism (6) subjects. Not
taken from published concept inventories or research-based textbooks, it was
substantially a concept test without any numeric problems. Its items, which
were different from the questions offered during the subsequent PL sessions,
allowed to test or check some possible freshmen’s misunderstandings,
conceptual errors or misconceptions. The learners gained one point for each
correct answer and nought points in all other cases, therefore the maximum
possible score achieved by the participants was 18 and the minimum 0. The
questionnaire was administered online and freshmen answered it using their
own electronic devices (BYOD approach).



Through this instrument we could compare the initial level of knowledge
in physics of G1 and G2. Table 1 shows some descriptive score statistics about
the findings in this initial questionnaire regarding the two cohorts.

Table 1: Descriptive score statistics for G1 and G2 in the initial questionnaire.

Number of Average Mean score Standard
Cohort percentage of
students (max. 18) error
correct answers
Gl 63 30.78 5.54 24
G2 41 30.78 5.54 27

To check the normality of the population distributions a Shapiro-Francia
test was implemented. Given that the populations were not normally
distributed, we concluded that the most appropriate inferential tests to compare
the different mean scores in the initial questionnaire were a robust ANOVA as
well as the Mann-Whitney U-test. We conducted both these tests, which
highlighted that the difference between the mean score of the two cohorts was
not statistically different, i.e. the findings of the two groups were equivalent.
Table 2 summarises the outcomes of these statistical tests.

Table 2: Robust ANOVA and Mann-Whitney U-test results for G1 and G2.

Test Parameter df p-value Effect size
Robust ANOVA  F=0.1089 1;53.36 74 .0924
Mann-Whitney U Z =0.18563 .85 (negligible)

3.2 IMPACT OF THE STUDENTS’ MOTIVATION, ENGAGEMENT AND
INTEREST

To evaluate the possible impact of the learners’ participation and engagement,
we compared the pass rate of G1 and G2 students in their physics course final
exam. To turn it round, we analysed if there was an association between the
dependent variable “Rate of success in physics course final exam” and the
independent variable V1. Although motivation and interest should be
investigated through specific questionnaires and could not be completely



identified with participation, V1 was related to them. As a consequence, this
analysis may provide a first indication of their possible impact.

Descriptive statistics appeared to highlight possible major differences
between the pass rate of the two cohorts of freshmen. In G1, the learners who
passed the exam were many more than anticipated if there were not an
association between the pass rate and the attendance at the PL sessions, and the
learners who failed were largely fewer than expected. The opposite happened in
G2. Tables 3 and 4 are the contingency tables and highlight respectively the
observed and the expected distribution, i.e. the number of learners who passed
or failed the examination and the number of learners who may be expected to
pass or fail it if there were no association between the two variables.

Table 3: Observed distribution of students who passed or failed the final exam for
cohorts G1 and G2.

Cohort Pass number Failure number
Gl 64 33
G2 24 81

Table 4: Expected distribution of students who may have passed or failed the final
exam for cohorts G1 and G2.

Cohort Pass number Failure number
Gl 42.26 54.74

G2 45.74 59.26

It should be pointed out that all the students enrolled on “Experimental
Physics A+B”, (n = 202 as shown in table 3) were considered in our analysis.
The freshmen who took the physics course final exam in the first session were
161 (79.7%), aligned with the previous academic years. In fact, the average
exam attendance rate had been equal to 79.0% between the academic year
2014-2015 and 2020-2021. As the present study focuses on evaluating if our
methodology might determine an increase in the number of students who
passed the exam within the beginning of the second academic term, the fact that
some students failed the exam or did not take it was considered equivalent.

To investigate the possible association between the outcome of the exam
and the students’ attendance of the PL activities, we implemented a Pearson’s



chi-square test. It highlighted a statistically highly significant association
between the two variables (x* = 38.13533, df = 1, p-value = 6.60%10'° << .05).
Moreover, the intensity of the effect was evaluated through both odds ratio
(OR) and Cramer’s V (V), which were respectively equal to 6.545 (large or
strong (Rosenthal, 1996)) and .434 (relatively strong (Rea & Parker, 2014)).
Thus, we might argue that not only was there a statistically highly significant
association between the outcome of the final exam and V1, but the strength of
this association was extremely significant and appreciable.

3.3 IMPACT OF THE INNOVATIVE INSTRUCTIONAL PRACTICE

To assess the possible impact of our innovative educational methodology, we
compared the pass rate of students who attended a different number of PL
sessions in their physics course final exam. To turn it round, we analysed if
there was an association between the dependent variable “Rate of success in
physics course final exam” and the independent variable V2. Moreover, the
pass proportion was calculated with reference to all the possible exposure doses
to PL (P;). P; was defined as the ratio between the number of students who both
attended i PL sessions and passed the final exam and the total number of
learners who attended i PL sessions. The P; expected in case of no association
between the dependent variable and V2 was .436. Table 5 shows the descriptive
score statistics regarding students who were differently exposed to PL and their
results in the final exam.

Table 5: Descriptive score statistics regarding students differently exposed to the
PL and their results in the final exam.

V2
0 1 2 3 4 5 6 7  Total
number
Pass 9 6 5 4 10 17 12 25 88
number
Failure 39 12 18 12 9 9 10 5 114
number
Total 48 18 23 16 19 26 22 30 202
number

Pi 188 333 217 250 526 .654 545  .833 436




Descriptive statistics appeared to highlight possible major differences
between the pass rate of the diverse cohorts of freshmen. It should be
emphasised that the lowest P; regarded students who had never attended PL
sessions, while the highest P; concerned learners who had participated in all the
PL activities. Furthermore, every cohort previously assigned to G1 (from 4 to 7
PL sessions attended) showed a P; superior to .436, which was the value
expected in event of no association between the two variables studied.
Conversely, each group which had been classified in G2 had a P; inferior to
436.

Employing a Pearson’s chi-square test (x> = 45.53499, df = 7, p-value =
1.08*107 << .05) we could argue that there was a statistically highly significant
difference between at least two of these pass proportions. Moreover, Cramer’s
V effect size was extremely significant (V = .475, relatively strong (Rea &
Parker, 2014)).

To analyse if the dependent variable “Rate of success in physics course
final exam” depended on exposure to our instructional method, which was only
one of the factors that might influence V2, we investigated if there was a linear
trend among the pass proportions. In our model all the other possible factors,
for instance students’ motivation, engagement and interest, levelled out among
the cohorts of students corresponding to G1 and G2, thus a linear trend might
suggest an association between the exposure to PL and the rate of success.
From this perspective and in analogy with a variety of carcinogenicity studies,
toxicological risk assessment and clinical trials based on dose-response
relationships, we carried out a dose-response experiment as we were interested
in investigating a possible dose-related trend, hypothesising an increasing trend
in pass proportions (response) with increasing attendance to the PL sessions
(dose).

As the Cochrane-Armitage (Armitage, 1955; Cochran, 1954) is the most
frequently adopted trend test for binomial proportions (Chen et al., 1997;
Neuhduser & Hothorn, 1999), it was implemented for this purpose and three
different cases were analysed. Firstly, we considered the eight pass proportions
related to every possible number of PL sessions attended by the participants
(from nought to seven). Secondly, we carried out the test considering only the
pass proportions corresponding to nought-three PL sessions attended (G2) and
finally we investigated the possible linear trend intra G1. Table 6 summarises
the Cochrane-Armitage test findings.



Table 6: Cochrane-Armitage test findings.

Case Parameter dim p-value It‘;I:l?lr
From 0 PL to 7 PL 7 =6.2588 8 3.88*10°10 " Yes
From O PL to 3 PL (G2) Z=10.49276 4 .6222 No
From4 PL to 7PL (G1) Z=2.0095 4 04448 * Yes

"p<.05 " p<.001

The Cochrane-Armitage test highlighted an overall linear trend among the
pass proportions, but, at the same time, it pointed out that this trend concerned
only G1.

4. DISCUSSION

To evaluate if the integrated teaching methodology which we developed was
effective in improving the participants’ final examination pass rate of the
academic course “Experimental Physics A+B”, a quasi-experimental research
study was conducted. We preliminarily investigated possible differences among
the freshmen involved in this study in terms of their initial knowledge of
Physics. Although the students had not been randomly assigned to G1 and G2,
it was demonstrated that their knowledge of Physics was equivalent at the
beginning of the academic course. It should be emphasised that their mean
score in the initial questionnaire (5.54, corresponding to 30.78% of correct
answers) appeared to be much lower than the maximum score potentially
achievable, i.e. 18. It implies that all the learners appeared to be slightly weak
in Physics.

Interestingly, a distinctive peculiarity of this study was that not only both
Gl and G2 had the same instructor, but they attended the same lectures and
exercise sessions at the same time. As a consequence, notwithstanding that the
teacher is recognised to play a paramount role in the students’ learning process
(Hattie, 2012), the possible positive or negative impact of the lecturer was
substantially equivalent for every group and each learner.

The Pearson’s chi-square test pointed out a statistically highly significant
association between the rate of success in the physics course final exam and the
independent variable “Attendance of the PL sessions”. Furthermore, the size of
the effect might be classified as large or relatively strong with reference to odds
ratio and Cramer’s V respectively. However, this independent variable was
influenced by many factors, like students’ motivation, engagement, interest, and



involvement in our innovative instructional practice (“Exposure to the PL
methodology”). As a consequence, it is not possible to argue that the learners’
increased success rate was the result of our teaching method. Rather, it
depended on all these factors and their synergistic action. Furthermore, if it was
not possible to quantify the contribute of each of them to an increase in the
freshmen’s success rate in their final exam, likewise it was not possible to
evaluate how much every factor contributed to the odds ratio and Cramer’s V
overall values. However, since the independent variable V1 was not very
sensitive to the factor “Exposure to the PL methodology”, we assumed very
conservatively that the intensity of the effect was entirely related to all the other
factors and considered the calculated odds ratio and Cramer’s V as a baseline.

In a further step, a statistically highly significant correlation was found
between the rate of success in the physics course final exam and the second
independent variable V2 “Exposure dose to the PL sessions”. Like V1, V2 did
not purely depend on the students’ exposure to the PL methodology, but it was
also influenced by all the other aforementioned factors. However, it ought to be
remembered that in our model these further factors, like engagement, interest
and motivation, should be considered substantially constant within G1 and G2
and they may show a discontinuity, a sudden increase in the transition from G2
to G1 owing to the binary nature of V1.

Therefore, with regard to the influence of these factors if the “Exposure to
the methodology” was ineffective or its effects were negligible, the model
would forecast that they equally affect the rate of success in the final exam of
learners who respectively had attended from nought to three PL sessions (G2)
and from four to seven PL sessions (G1). Thus, the P; values should show a
discontinuity in the transition from three and four PL sessions attended, but
they ought to be flat simultaneously within G2 and G1. However, the Pi values
were flat within G2, but not within G1, where a linear upward trend emerged.
As a result, we might conclude that these further factors could not determine
the observed upward trend in the Pi, while this trend is consistent with our
modelling of the factor “Exposure to the methodology”. Thus, our instructional
practice appeared to be effective in fostering participants’ learning.

However, it is reasonable to assume that there is an efficacy threshold of
this instructional practice, i.e. our innovative educational method may be
generally effective only if a student attends a minimum number of PL sessions.
The findings of the Cochrane-Armitage tests involving G1 and G2 confirmed
this hypothesis and showed that this threshold corresponded to four PL
sessions.

If instructors would like to try out our PL methodology in their academic
courses, they should be conscious that it needs regularity in its administration to



the students. With regard to time, however, the efficacy threshold found
corresponded to only about 1.5%-2% of the overall duration of our physics
course, a modest investment in time. Moreover, PL sessions were included
within traditional lectures which were not based on physics education research.
The setting was the same large lecture classroom and the PL sessions were
conducted by the same lecturer who gave classic academic lectures.
Furthermore, only three items per session were used and an instructor could
decide to employ concept questions already available in research-based
textbooks.

A conservative quantitative assessment of the PL effectiveness in
increasing the students’ success rate in their final exam could be done by
comparing the intensity of the effect when V1 and V2 were considered.
Cramer’s V was respectively equal to .434 and .475, corresponding to a
percentage increase of 9.4%. On balance, our innovative teaching methodology
might improve the freshmen’s success rate by about 9.4% and this appears to be
a cautious estimate.

This result is not immediately comparable with the findings achieved in
Hattie’s studies (Hattie, 2008, 2023) due to the fact that this percentage cannot
be expressed in terms of Cohen’s d. However, according to Freeman et al.
(2014) the students who attend academic courses consisting in traditional
lectures are 1.5 times more likely to fail their final exams than students
attending courses with active learning, as the risk ratio for failure (RR) is 1.5. In
our study, if the freshmen who had attended 0 PL sessions are assumed as a
baseline on account of their being the only learners who were not at all exposed
to PL methodology, the RR with reference to respectively all the other students
(from 1 to 7 PL sessions attended), the other freshmen of G2 (between 1 and 3
PL sessions attended) and the G1 students (from 4 to 7 PL sessions attended) is
respectively 1.67 > 1.5 (+11.3%), 1.10 < 1.5 (-26.7%) and 2.74 >> 1.5
(+82.7%). A prudent conclusion is that learners who attend only traditional
lectures and exercise sessions are 1.67 times more likely to fail their final
exams than freshmen exposed to our PL. methodology and this value is 11.3%
higher than the average RR that they would have if other active methods are
considered.

It is, however, worth highlighting that although there seems to be a
correlation between the innovative teaching method that we propose in the
present paper and our participants’ rate of success, it is not possible to establish
a causal effect between them, considering that other factors, like the
participants’ general course attendance, motivation, engagement, and interest
may have contributed to their success rate.



5. CONCLUSIONS

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
quasi-experiment 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 exercise sessions. Importantly, it
has been highlighted that this innovative educational methodology is effective
in increasing the students’ learning in the context of large size formats and a
conservative estimate quantifies the size of this effect as 9.4%. Furthermore, it
appears on average more effective than other active methods in improving the
students’ rate of success in their final exam when this final exam consists in
some problems to solve.

As the physics course final exam focused on problems which required a
clear conceptual understanding of the topics involved, we argue that our PL
methodology bolsters problem-solving skills and conceptual understanding. It
should be emphasised that active learning generally tends to improve learners’
outcomes in concept inventories focused on conceptual understanding more
than it tends to boost the students’ findings in instructor-written course
examinations (Freeman et al., 2014). It is worth pointing out that we did not
measure specifically the improvement of freshmen conceptual understanding
through an ad-hoc concept test in this study. However, we had already
highlighted the effectiveness of our PL. methodology in increasing student
conceptual understanding in physics in a previous research (Bozzi et al., 2021;
Directorate-General for Education, 2022, p. 48).

Finally, it has been confirmed the hypothesis that there is an efficacy
threshold of the PL educational method. Student learning begins to improve
already after four PL sessions, corresponding to about 1.5 h - 2 h out of 100 h
which is the overall duration of our physics course. It would seem a low
threshold and this might encourage instructors to experiment with this
innovative educational methodology.

Lastly, it is worth emphasising that traditional lectures and exercise
sessions offered during “Experimental Physics A+B” were not physics
education research-based and the items employed during PL sessions were not
inspired by published concept inventories or research-based textbooks. As a
consequence, it is unlikely that the effectiveness of our innovative teaching
methods is related to physics education research findings, like the activation of
some productive students’ resources during PL sessions. On the contrary, the
positive results achieved may be due to the method which fosters the learners’
metacognitive regulation and their self-regulated learning. The research on this
issue has shown that metacognitive regulation improves the students’



performance (Meijer et al., 2006; Schraw & Moshman, 1995; Zimmerman &
Schunk, 2011). Moreover, peer interaction is extremely effective in triggering
regulatory skills, like planning, monitoring and evaluation (De Backer et al.,
2015; Schraw & Moshman, 1995). Considering this perspective, it could be
argued that our innovative teaching methodology is also effective in bolstering
metacognitive skills.
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APPENDIX 1

Example of an item administered to the students during a peer learning session.
The correct answer is in bold.

An aeroplane runs through equal spaces in equal times

A.

B.
C.
D

only if the velocity vector is constant over time;

only if its trajectory is straight;

only if the tangent component of the acceleration is zero and the
centripetal component is constant;

. only if the tangent component of the acceleration is zero.



APPENDIX 2

Example of a problem given to the students during their final exam (exercise 1,
21/01/2022)

Two blocks of masses m; = 1 kg and m, = 2 kg are attached to opposite ends
of an ideal rope which can run through the throat of an ideal pulley, like in
the figure. Block 1 (m;) is connected to the ground through an ideal vertical
spring which has a relaxed length ho = 10 cm.

a) Determine the spring constant in such a way that the two blocks are
initially at the same height a = 15 cm from the ground.

Block 2 (my) is lowered vertically by 5 cm and then is released:

b) Calculate the acceleration of the two blocks when block 2 is released.




APPENDIX 3

Example of an item administered to the students during the initial
questionnaire. The correct answer is in bold.

The force of static friction exerted by a horizontal floor on a crate at rest on

it

A. has always a magnitude higher than the magnitude of the force of
dynamic friction exerted by the horizontal floor on the crate if the latter
is moving;

B. has a magnitude directly proportional to the magnitude of the normal

contact force exerted by the horizontal floor on the crate;

is never null;

is opposite to the sum of all other external forces lying on the

horizontal plane.

0



