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Abstract

In the academic year 2022/2023, an orientation course addressed to high school students
was proposed at Politecnico di Milano. The course was conducted using active methodolo-
gies referring to the Problem-Based Learning pedagogical framework. Most of the time
was dedicated to an open-ended style physics laboratory in which students worked in
small groups exploring different areas of physics. The main aim of the course was to foster
science self-efficacy and motivation, in order to enable students to prepare themselves for
passing the test required to enrol in any engineering programme at Politecnico di Milano
University. To investigate the effectiveness of the course, a statistical analysis of students’
attendance and students’ results on the test was performed. The results of the analysis show
that students who attended the course had a slightly better improvement in their test scores
compared to those who did not attend. The impact of the course seems to be more effective
for female students. The results confirm the validity of active and open-ended activities
to increase scholastic performance and to enable students in autonomous preparation.
Using these strategies in an orientation course can help students make more informed
choices about the university pathway best suited to them, thereby reducing issues related
to student dropout.

Keywords: PBL; open-ended; orientation course; effectiveness; self-efficacy; engineer-
ing test

1. Introduction
In schools and universities, teachers are constantly interested in finding new strategies

to improve students’ learning experience. Nowadays, teachers can rely on a wide set
of different methodologies like student-centred approaches (Bozzi et al., 2021, 2023; De
Backer et al., 2015; Edström & Kolmos, 2014; Hattie, 2023; Jones, 2007; Vickrey et al., 2015;
Wood, 2023) or technology-enhanced learning (Bozkurt, 2020; Istenič, 2024; Kirkwood &
Price, 2014; Lam et al., 2021; Otto et al., 2024), but a fundamental thing to consider is their
actual effectiveness. Considering a specific context, an educator could aim to improve
the motivation of their pupils or their abilities in particular topics or areas. For instance,
concerning the teaching of physics, we are certainly interested in making our students
aware of the scientific method they have to apply and be autonomous in making correct
reasoning and interpretation. Traditional physics teaching consists of frontal explanations,
guided solving of exercises and guided laboratory experiences, which seem to have low
efficacy (Hake, 1998). In particular, in traditional physics laboratories, students are asked to
follow precise instructions in order to replicate a specific experiment or confirm the validity
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of a particular law. For this reason, these kinds of laboratories are also referred to as the
“cookbook approach” (Doucette et al., 2018; Holmes & Wieman, 2018).

On the contrary, innovative techniques involve student-centred tasks where each
learner is asked to be the protagonist of the activity to achieve learning goals better (Smith
& Holmes, 2021). This means that students should discuss with peers the right procedure
to follow or how to set up an experiment. In this direction, the do-it-yourself style (Craig &
Hill, 2012) requires students to design an experiment on their own to measure a certain
quantity and understand a phenomenon. This methodology is always present in open-
ended (OE) style laboratories (Trumper, 2003). In a laboratory session performed in an OE
style, students are asked to investigate a phenomenon with few indications and little advice.
Previous studies highlighted that this innovative strategy helps students reinforce their
science self-efficacy and their interest in scientific topics (Alhadabi, 2021; Bandura, 1997;
Wilcox & Lewandowski, 2016). This teaching strategy is an application of the Problem-
Based Learning (PBL) approach (Celik et al., 2011). PBL is a student-centred teaching
method in which learning starts with a real-world problem rather than a lecture or a list
of facts. Instead of being told the solution, students work in small groups to analyse the
problem, identify what they need to learn, research information, and propose solutions.

The teacher acts as a facilitator or guide, helping students reflect, ask good questions,
and connect their findings. PBL is grounded in constructivism theory, which holds that
learning takes place through the active construction of knowledge in the learner’s mind
(Bodner, 1986).

In another study, an OE strategy was also used to evaluate students’ comprehension
of a common physics phenomenon (Doğru & Kurnaz, 2023). In this last example, thanks to
an open-ended questionnaire, it has been revealed that students involved had difficulties
in providing a correct explanation of physics phenomena, even though these are related to
a common daily experience. This shows that in that situation, students probably did not
have a full and deep comprehension of these phenomena.

As stated before, an important step is the evaluation of the actual effectiveness of an
innovative learning strategy. In most cases, researchers did this evaluation by taking ad-
vantage of some preexisting physics tests like the Force Concept Inventory (FCI) (Hestenes
et al., 1992). For instance, in (Hoellwarth et al., 2005; Redish et al., 1997), the effectiveness
was obtained by the gain in a pre-post submission of the FCI to the students in groups
that attended traditional lectures and groups that participated in innovative lectures. In
other studies (Gök, 2011), researchers also focused on the improvements concerning moti-
vation and self-efficacy by submitting the Motivated Strategies for Learning Questionnaire
(Pintrich & Others, 1991). It is interesting to notice that in this last example, the authors
highlighted that an improvement in comprehension of phenomena is not necessarily re-
lated to an improvement in problem-solving skills and vice versa. In (Doucette et al., 2018;
Holmes & Wieman, 2018), an analysis of the efficacy of innovative laboratories has been
conducted, highlighting positive effects, especially in motivation and critical thinking.

In the past, our group has also been involved in other research related to the transition
from high schools to STEM (Science, Technology, Engineering, Mathematics) universities.
In particular, we investigated the validity of using Massive Open Online Courses (MOOCs)
to improve the teaching of physics and support students in choosing their future univer-
sity path (Raffaghelli et al., 2018). We also took into consideration the positive effect of
a refresher course for freshmen (Gondoni et al., 2021) and of a physics laboratory con-
ducted among a set of peculiar activities in Italian high schools named Percorsi per le
Competenze Trasversali e l’Orientamento [Programs for General Skills and Orientation]
(Mazzola et al., 2021).
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In this work, we were interested in evaluating the effectiveness of our OE activity
in terms of how our students, after attending our course, improved their results in the
Test On-Line (TOL) required to enter an engineering programme at Politecnico di Milano.
Unfortunately, because of some limitations that will be described in further sections, we
were not able to find a causality relationship between the attendance of the course and an
improvement in the TOL. Nevertheless, we could observe an interesting tendency. Before
starting our analysis, it is important to take some aspects of the course into consideration.

The TOL is a computer-based multiple-choice test composed of 65 questions, which
are organised as follows: 30 questions about English, 25 questions about Mathematics,
5 questions about Physics, and 5 questions about Verbal Comprehension. Students get
1 point for each correct answer, 0 for a missing one and a negative 0.25 for a wrong choice.
Each section has a different weight, so the final score ranges from −25 to 100 points (How to
access to Laurea programmes in engineering, 2025) as reported in Table 1.

Table 1. Resume of TOL structure.

Topic No. of Items Weight Min Score Max Score

English 30 1/3 −2.5 10

Mathematics and Logic 25 2.6 −16.25 65

Physics 5 2 −2.5 10

Verbal Comprehension 5 3 −3.75 15

Total 65 −25 100

Traditionally, a course dedicated to the preparation for an engineering test consists of a
significant amount of hours of frontal lectures or guided solving of exercises and mock tests.
In our situation, we could rely on only 15 h to cover all the activities and, more specifically,
on only 6 h for the physics part. Hence, we organised our time in an innovative style to
obtain the best possible results. Our main aim could not be to provide students with a
detailed review of all the topics covered in the TOL, nor to show them how to solve a proper
number of standard exercises. On the contrary, we aimed to make students autonomous
in their personal preparation for the test. To reach this goal, we chose to dedicate most of
the time to an OE laboratory session, focusing our attention on both the extensive use of
feedback (Hattie & Clarke, 2018) and the promotion of individual self-efficacy. The main
idea is that, following these strategies, students can improve their performance in the TOL
thanks to the enhancement of their learning skills, even without a traditional course.

Indeed, according to (Marušić & Sliško, 2014), an active approach has a positive effect
on students in terms of motivation and self-efficacy. This happens primarily because stu-
dents experience positive feelings during the activities, they find the topic more attractive,
and they are encouraged in critical thinking. Similarly, in (Celik et al., 2011), it is shown
that the use of a PBL strategy is correlated with a better achievement of physics topics. This
is probably because PBL methodology is centred on the students and helps to construct the
information to obtain meaningful learning. In (Gök, 2011), it is reported that students with
a higher self-efficacy had a better scholastic performance. The reason for that is probably
because self-efficacy fosters the student’s perseverance in obtaining specific results and
improves their willingness to deal with demanding tasks. Eventually, in another study
(Alhadabi, 2021), a correlation between gender and the impact of science self-efficacy on
scholastic results was found. More precisely, strengthening science self-efficacy seems
to be more effective on female students, especially those with low socio-economic status.
Moreover, it has been observed that the low representation of women in scientific university
programmes is mostly due to psychological factors like a low science self-efficacy (Jungert
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et al., 2019; Marsh et al., 2019). For this reason, working on fostering self-efficacy and
motivation should be useful, especially for female students.

These considerations lead to the following research questions:
RQ1: Is our course actually effective in improving TOL results for students?
RQ2: Are open-ended activities actually helpful for the preparation of the TOL?
RQ3: Is the gender of students correlated to the effectiveness of our course?

2. Materials and Methods
2.1. Course Structure and Research Design

In the academic year 2022/2023, our research group ST2 ran a part of an orientation
course addressed to high school students interested in preparing themselves for passing
the TOL to enter an engineering programme at Politecnico di Milano. The course was
named “Introduzione metodologica alla preparazione al test di Ingegneria” (Methodolog-
ical Introduction to Engineering Test Preparation), and it has also been proposed for the
following academic years. The organisation of this course has been made possible thanks
to funding related to PNRR (National Recovery and Resilience Plan) (DM 934/2022, 2022).
Any local high school could present the course to its students, who were free to enrol. To
better organise the activity, several editions were scheduled, each limited to 25–30 students
from the same school. Each session was therefore dedicated to a single school.

The course was structured in 15 h, divided into 3 main groups. A total of 3 h were
dedicated to a frontal lecture about motivation, 6 h were dedicated to mathematics activities
and the last 6 h were dedicated to physics activities. Our group managed this last part by
proposing 2 h of an introductory online meeting about the study method for physics and 4 h
of OE physics laboratory. During the online meeting, students answered a propaedeutical
physics questionnaire validated in previous works of our research group (Virzi et al., 2025a,
2025c). During the laboratory, students were divided into small groups (3–5 students
per group), and each group received a few general indications about the phenomenon
they were asked to study and a box of fundamental materials. Students had to discuss
and decide how to set up the experiment and which quantities were useful to measure.
They were encouraged to find possible dependence or independence factors between
quantities. In the end, each group had to report their results to the rest of the class and
answer possible questions from classmates or tutors. Each group worked on a different
topic/phenomenon among the following: free motion and friction; gravity and pendulum;
springs and oscillatory motions; optics; volume of irregular objects; motion in a viscous
medium; and conservation of mechanical energy.

Each group was also asked to take note of their decision, their data and their results.
This was useful not just to better organise their final presentation but also to make students
aware of the importance of collecting, storing and sharing data with peers in a scientific
context. We decided to underline this concept because this laboratory session has also been
presented as a small experience of what it means to work like a physics researcher.

Both during the lab and at the end of the activity, students received feedback from the
instructors. In particular, tutors circulated among the groups, asking about the progress of
their work and providing hints when necessary. During the final presentations, tutors asked
each group to explain why they had chosen a particular strategy and provided feedback
on the correctness of their procedures. The main aim was to promote discussion among
peers; however, only a few questions or interventions came from the students. In this
first edition, 113 students participated in the activity, spread across 5 consecutive editions
between March and April 2023.

We wanted to evaluate the effectiveness of our activities by observing the results of our
students in the TOL sustained in the same academic year. According to what we exposed
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in Section 1, we believe that an OE activity could help students become able to prepare
themselves autonomously for the TOL. We expected to observe an improvement in TOL
results before and after the attendance of the course.

2.2. Groups of Students

To properly answer the research questions, we had to build two groups of students
starting from the whole database of students who tried the TOL in academic year 2022/2023.
The first (G1) is composed of students who attended our course and tried the TOL. The
second (G2) contains students who did not participate in our activities. We wanted to look
for improvements, so we needed students who had tried the TOL more than once. This is
not an uncommon situation: students are allowed to try the test several times if they are not
satisfied with their results. Indeed, a high final score is important to increase the probability
of being admitted to the desired engineering programme. This means that candidates who
had more than one trial wanted to improve their scores. Evidence of that is the fact that in
the academic year 2022/2023, the TOL was tried 21,606 times by 13,412 different persons.
Among them, only 7550 students (56% of the total) had a single attempt.

To build the G1, we had to consider students who had tried the TOL at least one time
before the attendance of the course and at least one time after the attendance. Among the
113 students who attended the course, we found only 25 with these characteristics.

To build the G2, we selected the students who sustained the TOL at least twice. In this
case, these trials are obviously not related to when our course was developed. To properly
compare this sample with the G1, we decided to select only students belonging to the same
high school as the students included in the G1. This option allowed us to state that the
two groups are homogeneous enough, as we discuss in the next subsection. Following this
rule, we built a G2 composed of 99 students.

To be more precise, G1 is composed of 18 male students and 7 female students.
According to the Italian high school organisation, 15 of them came from a scientific high
school (Liceo Scientifico), 8 from a technical high school (Istituto Tecnico Industriale) and 2
from a humanities-oriented high school (Liceo Classico). Further, 16 were in their 4th year
of high school, and 9 were in the 5th (and last) year. As far as G2 concerns, 58 were male
students and 41 were female. A total of 74 came from a scientific high school, 5 from a
technical high school and 19 from a humanities-oriented high school. Finally, 55 were in
their 4th year of high school and 44 were in the 5th (and last) year. All this information is
summarised in Table 2.

Table 2. Composition of G1 and G2.

G1 G2

Total number 25 99

Male 18 58

Female 7 41

Scientific school 15 74

Technical school 8 5

Humanities-oriented school 2 19

4th year 16 55

5th year (final) 9 44

Because students in G1 and G2 were not selected randomly, G2 cannot be considered
as a control group referred to as study group G1. For this reason, we only used these
two groups to make a comparison between students who attended our course and students
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who did not attend, using G2 as a baseline. The absence of a control group is surely
a limitation to our research; nevertheless, some interesting results will be presented in
Section 4. The dataset with all information about G1 and G2 is available on the Zenodo
website (Virzi et al., 2025b). It is interesting to report that, among the 113 participants
in the course, 10 decided not to try the TOL. We will give a comment about this in the
Discussion section.

2.3. Homogeneity of Groups

To ensure that our analysis is trustworthy, we wanted to check the homogeneity of G1
and G2. The first attention we had was to choose students from the same high schools as
stated in the previous subsection. In addition, we investigated the results in the INVALSI
test (www.invalsi.it, accessed on 3 March 2025), the Eduscopio ranking (www.eduscopio.it,
accessed on 3 March 2025) and the socio-economic situation of the schools included in the
samples related to academic year 2022/2023.

INVALSI is the acronym of “Istituto Nazionale per la VALutazione del Sistema educa-
tivo di Istruzione e di formazione” (National Institute for the Evaluation of the Education
and Training System) and consists of the administering of a test about Italian language
and Mathematics to students in different school years. More precisely, the INVALSI test is
administered to students in the second and fifth years of primary school, the third year of
middle school, and the second and fifth years of high school. The aim of this evaluation
protocol is to provide a precise indication of the level reached by students at some point in
their educational path. The INVALSI results are released sorted by region, province, and
school. This means that each school can compare its students’ results with the provincial,
regional, and national averages. In other words, INVALSI can be an indicator of the level
of a single school.

Eduscopio ranking is another evaluation system that takes into consideration the
marks obtained by students in their first year of university. Each school is inserted in a
rank with other schools of the same type within a radius of 30 Km centred on that school.
This means that each school has a personalised rank that is useful for comparing its level
with others.

The analysis of school homogeneity based on INVALSI test results and the Eduscopio
ranking revealed a non-notable variability among institutions involved in our work. The
percent variance in Mathematics scores for all academic tracks was around 10%, while
Italian language scores show a slightly higher variability of about 12%. These values
indicated that students’ performance in INVALSI tests varies significantly across schools,
with technical institutes showing a slightly higher level of disparity. Nevertheless, all
the results were well inside the range of variability, both for the Italian Northern regions
considered alone and Italy as a whole, showing a good homogeneity. A key finding is that
Italian language scores were less homogeneous than Mathematics, implying differences in
literacy development across schools that may not be so important for the scientific goal of
this analysis.

On the other hand, the Eduscopio ranking showed that all the schools involved in our
work were classified in the upper half of their ranking, suggesting that schools tended to be
ranked within a narrower range when considering the results of their students during their
first year at university. This means that, while standardised test scores displayed slightly
greater variability, the overall educational quality, measured by the Eduscopio ranking,
showed less dispersion.

Another indicator of homogeneity is the fact that all the schools in the samples had
a medium-high to high socio-economic context for their students, as reported on their
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websites. In conclusion, considering all this information, the schools under consideration
appear to share a broadly homogeneous situation.

2.4. Analysis of Effectiveness

The main idea of our research was to measure the effectiveness of our activities by
checking if there was an improvement in the TOL final score before and after the attendance
of the course. As explained in Section 2.2, we selected group G1, composed of 25 students
who attended our course and group G2 of 99 students who did not attend. We made all the
calculations described in this paper using the software R 4.5.3. Concerning the statistical
test performed, we considered p < 0.05 as a significance level.

We started considering the average scores of both groups in their first and last attempt.
As stated before, for the G1, the first TOL trial was before the attendance of the course,
while the last one was after the course. It could be interesting to add that all students in the
G1 group had their last attempt between May and July. This means that from the end of the
course and the attempt we took into consideration, no more than 3 months have passed.
As reported in Section 3, the average scores in the first and last attempts suggested that
some improvement occurred in G1, but we needed to go deeper with our analysis to obtain
reliable results.

First, we performed a Shapiro–Wilk test on the distribution of scores in the first and
last attempts of both groups to check the normality. The results of these tests allowed us to
decide which kind of statistical tools were more appropriate. We wanted to use the scores
in the first attempt to evaluate and compare the beginning level. To do that, we performed
a Levene’s test comparing the average score obtained by the two groups in the first attempt
of TOL. This was necessary to ensure the homogeneity of variance in the two groups. After
that, we ran a robust independent t-test looking for differences between the scores in the
first attempt in the two groups.

Consequently, we estimated the improvement between the first and the last attempt
by performing a Yuen’s trimmed mean t-test (Yuen, 1974) on the scores of the two trials
for both groups. We decided to use the AKP as an effect size for the result of this test. We
also checked the improvement, considering only the physics part of the TOL, using the
same methodology just explained. In addition, we made the same calculation considering
separately male and female students to check if any of our results seem to be affected by
the gender of participants.

3. Results
We show here the results of the calculations described in the previous section. First, in

Table 3 are reported average scores with their Standard deviation concerning the first and
last attempt for G1 and G2.

Table 3. Mean scores in TOL on the first and last attempt and relative standard deviation. The
minimum possible score is −25, and the maximum is 100.

Group N TOL 1st Attempt STD_1st TOL Last Attempt STD_Last

G1 25 43.86 11.37 54.03 17.72

G2 99 50.81 12.33 60.32 12.49

These results are also represented in Figures 1 and 2. The table and the graphs suggest
that the improvement in G1 is more important, but to confirm this impression, we had to
perform a deeper analysis.
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Figure 1. Standard Box-and-Whisker plot of first attempt scores for G1 (Y) and G2 (N) group.

Figure 2. Standard Box-and-Whisker plot of last attempt scores for G1 (Y) and G2 (N).

As explained in Section 2.3, we checked the normality of distributions by performing
a Shapiro–Wilk test on the scores of first and last attempts for both groups. We found for
the G1 a p-value of 0.033 for the first and 0.058 for the last attempt. This means that the
first attempt’s scores distribution in G1 was not normal, while the distribution of scores
in the last attempt could be considered normal, but cautiously. Concerning the G2, we
obtained a p-value of 0.19 and 0.24 for the first and last attempt, respectively. This means
that the distributions for the G2 group were normal. The Levene’s test applied to the scores
of the first attempt of G1 and G2 gave a (Pr > F) equal to 0.90 (mean centred test) and
to 0.80 (median centred test). Both are much greater than 0.05, so we could confirm the
homogeneity of variance.

Having normal and not-normal distributions to deal with, we decided to use robust
methods to continue our analysis in accordance with (Mair & Wilcox, 2020). The robust
independent t-test on the scores of the first attempt of the two groups gave a p-value of
0.047 with an effect size (AKP) of 0.54, which can be considered as “large” (Kirk, 1996).
This result allowed us to claim that the initial level of G1 students was actually statistically
worse than that of G2 students.

Concerning the comparison between the first and last attempts, we found a p-value of
0.0013 from Yuen’s trimmed mean t-test for the G1, with an AKP effect size of 0.97 (large).
This confirms that the score in the last attempt is significantly higher than in the first one
for students in G1. The same calculation for the G2 gave a p-value of almost zero with an
AKP of 0.82, which can be considered large. All these results are summarised in Table 4.

Considering only the physics part, we report now in Table 5 the mean scores. It
is possible to notice that there probably was a significant improvement for G2, but, as
explained before, we went deeper to find more reliable results
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Table 4. Results of analysis concerning the scores in the TOL of G1 and G2.

Group N Shapiro–Wilk
1st (p-Value)

Shapiro–Wilk
Last (p-Value)

Robust t-Test
1st (p-Value)

Robust t-Test
1st (AKP)

Yuen’s t-Test
(p-Value)

Yuen’s t-Test
(AKP)

G1 25 0.033 0.058
0.047 −0.54

0.0013 0.97

G2 99 0.19 0.24 ~0 0.82

Table 5. Mean scores in the physics part of the TOL in the first and last attempts and relative standard
deviation. The minimum possible score is −2.5, and the maximum is 10.

Group N Physics 1st Attempt STD_1st Physics Last Attempt STD_Last

G1 25 1.66 1.25 1.84 1.65

G2 99 1.77 1.75 2.16 1.27

The Shapiro–Wilk test revealed that the distribution of scores is normal for the G1
but non-normal for the G2. We decided then to use robust methods again for both groups.
In this case, we only looked for differences in the improvements, so we again performed
Yuen’s trimmed mean t-test on the scores of the first and last attempts for the two groups.
As reported in Table 6, we found no significant improvement for students in G1 and a
significant improvement for G2 with a small effect size.

Table 6. Results of analysis concerning the scores in the physics part of the TOL for G1 and G2.

Group N Shapiro–Wilk 1st
(p-Value)

Shapiro–Wilk Last
(p-Value)

Yuen’s t-Test
(p-Value) Yuen’s t-Test (AKP)

G1 25 0.26 0.21 0.85 null

G2 99 6.3 × 10−6 0.038 0.016 0.24

Finally, focusing on male and female performances, we found the following results
reported in Table 7.

Table 7. Results of analysis concerning the scores in the TOL of G1 and G2, considering gender.

Group N Shapiro–Wilk 1st
(p-Value)

Shapiro–Wilk Last
(p-Value)

Yuen’s t-Test
(p-Value) Yuen’s t-Test (AKP)

G1 M 18 0.066 0.15 0.0062 0.72

G2 M 58 0.28 0.89 2.0 × 10−5 0.76

G1 F 7 0.46 0.069 0.023 1.07

G2 F 41 0.52 0.037 9.0 × 10−5 0.94

Even in this case, we used robust methods because we had some distributions that
were normal and others that were non-normal. Considering the p-values of the Yuen’s
t-test, we can see that in all groups there was a significant improvement. Concerning the
female students, the effect size of G1 was 13.8% higher than that of G2, while for males, the
effect sizes of G1 and G2 were very similar. In addition, the effect size for female students
in G1 was 48.6% higher than that for male students in the same group.

To conclude, we did the same analysis considering only the physics part of the TOL
and the results are summarised in Table 8. Observing the Yuen’s p-value column, we can
state that there was no significant improvement for all groups except for male students in
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the G2. Nevertheless, even in this case, the effect size was small, so we can assume that,
concerning the physics part, there were no significant changes among the samples.

Table 8. Results of analysis concerning the scores in the physics part of the TOL for G1 and G2,
considering gender.

Group N Shapiro–Wilk 1st
(p-Value)

Shapiro–Wilk Last
(p-Value)

Yuen’s t-Test
(p-Value) Yuen’s t-Test (AKP)

G1 M 18 0.45 0.58 0.59 null

G2 M 58 1.5 × 10−5 0.080 0.018 0.28

G1 F 7 0.087 0.042 0.29 null

G2 F 41 0.029 0.31 0.30 0.16

4. Discussion
The results presented in Section 3 allow us to claim that both groups had a significant

improvement between first and last attempts. This could be due to multiple factors.
For instance, trying the TOL more than once allowed students to be more confident. In
addition, after the first trial, students could be more aware of their level, and they might
have prepared themselves better for further TOL sessions. More specifically, considering
the effect size, we can observe that the AKP of G1 was 18.6% higher than that of G2. This
suggests that students in G1 had a better improvement (RQ1). This effect could be caused
by several factors. For example, it is possible that students who decided to attend our
course had a higher motivation to improve their score, or maybe that, starting from a lower
score in their first attempt, a significant improvement was easier for them.

Considering what we reported in this paper, we can claim that the main difference be-
tween the two groups was indeed the participation in our orientation course. As presented
in Sections 2.1 and 2.2, we built the two groups carefully to ensure proper homogeneity
from different points of view. In addition, the short time passed between the end of the
course and the last attempt suggests that students probably did not have the opportunity
to attend other courses in preparation for the test. They were certainly unable to attend
other PNRR courses, as the regulations governing these activities prohibit participation in
more than one edition.

It is also interesting to notice that we did not find a significant improvement concerning
the physics part. Indeed, we were aware that a small number of hours was not enough
to deliver a proper amount of content effectively. In addition, the physics part of the
TOL is composed of just five questions, and probably these are not enough to investigate
an improvement in physics knowledge and comprehension. Moreover, competencies
fostered by open-ended labs may not transfer directly to the skills assessed in traditional
tests. Nevertheless, the aim of our course was to foster students’ skills in self-preparation.
As presented at the end of Section 2, previous studies showed that OE activities help in
strengthening science self-efficacy and motivation, and this leads to an improvement in
general scholastic results. This is why we believe that, despite the absence of a specific
improvement in physics, students were able to better prepare themselves for the TOL after
attending the course (RQ2).

This last sentence seems to be particularly true for female students. Indeed, the analysis
of effect sizes showed that, in the G1, female students had a much greater improvement
in TOL score compared to their male counterparts. Moreover, female students in the G1
seemed to perform better than the females in the G2. We think that these differences could
be a consequence of attending our course. This means that the activities we proposed seem
to be more effective for girls (RQ3). Of course, because of all the limitations of this study,
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described in previous sections, this result cannot be interpreted as a claim of causality but
just as an observational trend. Moreover, we could state that, probably, the differences in
improvement described at the beginning of this section could be due mainly to the female
results. Even considering the gender, a significant improvement in the physics part of the
TOL was absent.

As stated in Section 2.2, we noticed that 10 students decided not to try the TOL after
attending the course. We believe that even this could be considered as a positive outcome
because it might mean that the course helped those students realise that an engineering
programme was not the right choice for them.

All these results allow us to claim that the use of OE laboratories in an orientation
course can have positive outcomes. Students attending this type of course may develop
valuable skills that enable them to prepare independently and effectively for the university
entrance exam. Moreover, such activities can support students in making informed deci-
sions regarding their future university pathways, which may contribute to lower dropout
rates in higher education.

This course has also been offered in subsequent academic years. Therefore, the analysis
of data from later editions may confirm or refine the conclusions drawn from the data
presented in this paper. More precisely, considering several editions in different years,
we could work with a larger sample, obtaining more significant results. In addition,
thanks to some improvements to the material used during the course (in particular in the
questionnaire used in the introductory meeting during subsequent editions), we could
obtain more information about students’ level and comprehension.
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