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Abstract

As in an other paper presented at previous IATED conferences [1], we start from the assumption that the

use of active learner-centered methodologies at school, especially with the use of pedagogical laborato-

ries, is essential for an effective teaching of mathematics. In order to stimulate the use of active method-
ologies in future teachers, the pre-service teacher training program at the university of Milano-Bicocca

includes compulsory laboratories, that, at least for the math discipline, are implemented according to

Problem-based learning (PBL) principles.
The high number of students requires the implementation in parallel of many laboratories each year.

These laboratories can be very different one from the other, thus making the offer for students extremely
heterogeneous. Therefore we felt the need to set up a monitoring of the effectiveness of the various

laboratories.

The evaluation model that we will describe is based on an analysis of the careers of students who
attended these laboratories during the 2017-18 academic year. Data on 389 students were collected and

for each student the grades in university mathematical exams were taken into account. By comparing

the students’ performance before and after attending the laboratories, we created 4 indices that allow for
a ranking of some characteristic of each laboratory. Differences in “performance” between the different

laboratories emerged.
Clearly a quantitative analysis of this type needs further investigation (e.g. we plan to take a similar

analysis for the laboratories held in the 2018-19 academic year, as soon as students’ grades will be

available). However, this kind of analysis lays the groundwork for a subsequent detailed examination
of the causes of these performance differences, by looking closely at each lab implementation (e.g.

problems chosen for the lab, tutors performances, time schedule, number of participants...).
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1. PBL AND TEACHER TRAINING

As we already pointed out in [1], research in mathematics education is universally aware of the key

role of active methodologies for an effective teaching and learning of mathematics. In an ideal learn-
ing path, students should have the opportunity to experiment and apply their mathematical knowledge

with the help of laboratories, in which pupils work actively on problems. Moreover, the introduction of
active learning activities in the very training of prospective teachers is necessary to reverse the trend of

teachers relying on self-perpetuating “traditional” methods once employed in schools: “a teacher who

acquired whatever he knows in mathematics purely receptively can hardly promote the active learning of
his students” [2, vol. 2, p. 113]. Such problem solving activities, if corresponding to the framework that

can be rooted back as the early works of the mathematician Polya, can be situated in the problem-based

learning (PBL) methodology (e.g. see [3] for a definition of PBL, see also [4] for a discussion of Polya’s
works). Typically, a PBL activity is organized according to these steps (e.g. see [1], [5] or [6]):

• pupils are given a problem;

• they discuss the problem and/or work on the problem in small groups, collecting information useful
to solve the problem;

• all the pupils gather together to compare findings and/or discuss conclusions; new problems could

arise from this discussion, in this case
• pupils go back to work on the new problems, and the cycle starts again.



1.1 The teacher training program at Milano-Bicocca

The experience we want to describe is part of the activities proposed in the primary school prospective

teacher training program at the University of Milano-Bicocca. Since 2011, according to the guidelines
set by the Italian law, prospective teachers have to attend a five year long combined Bachelor and

Master degree. In the Milano-Bicocca implementation, this degree program includes three modules in

mathematics (e.g. see [1]):

• Foundations of mathematics (year 1, 8 credits): lectures focus mainly on purely mathematical con-
tents (numbers, arithmetic and probability), while exercise classes are devoted to the explanation

and resolution of standard math exercises;

• Basic mathematics for teaching (year 2, 9 credits): lectures focus on mathematical contents (mea-
sure and geometry), and, as above, exercise classes are devoted to standard exercises; moreover,

students are required to attend a compulsory laboratory in which active methodologies are shown

in action (students experience learning in a lab);
• Mathematics teaching (year 4, 5 credits): lectures focus mainly on methodologies (active learning

and PBL) and teaching examples (analysis of problems); moreover, students are required to at-
tend a compulsory laboratory in which a further analysis of teaching methodologies is carried on

(prospective teachers experience teaching through a lab).

Apart from the mathematical courses, the degree program includes numerous pedagogical modules

which cover instructional methods and recommend the idea of active learning. The total amount of cred-
its of the 5 year program, including school internship activities and the preparation of a final dissertation,

is 300 credits. As already pointed out in [1], Foundations of mathematics and Basic mathematics for

teaching are focusing on content-related topics (in a MKFT perspective [7]), rather than on methodolo-
gies and/or discussion on teaching experiences.

All the laboratories linked to the math classes are implemented according to PBL principles: it is in the
lab that students are really expected to experience and understand PBL.

Unlike the experience described in [1], here we want to focus on the lab linked to the module Basic

mathematics for teaching. We thus analyze laboratories whose main focus is content related, and we
would like to understand how much students “learn mathematics” by being engaged in PBL activities.

Due to the large number of students (about 400), the class is split in small groups (usually of about 30

pupils) and the actual content dealt in the laboratory attended by each group can vary.

1.2 Peculiarities of the Italian system

At the end of each module students take an exam and get a grade from 1 to 30. The exam is “passed”

if the grade is grater or equal to 18. If a student fails in an exam session, extra sessions are available
(a total of 7 are held during the academic year: 3 between January and February, 3 between June

and July and 1 in September). Focusing on the mathematical modules, Foundation of mathematics is
held in the first semester, that is from October to December, of the first year, so most of the student

are supposed to take the exam in the January and February sessions. The second year class, Basic

mathematics for teaching, is held in the second semester (from March to May) so in this case most of
the students are supposed to take the exam in the June and July sessions. We will build our analysis on

students performance in exams, so it might be useful to point out that between the end of the lectures of

Foundation of mathematics and the start of the lectures of Basic mathematics for teaching a student has
actually 10 chances to pass the exam. Student cannot take the Basic mathematics for teaching exam

if they have not passed the Foundation of mathematics exam, but they can freely attend lectures and
laboratories of the second year module.

In our attempt to evaluate the effectiveness of the laboratories of the module Basic mathematics for

teaching we monitored the students who attended such laboratories in the academic year 2017-18 (that
is from March to May 2018) and collected the grades they got in both Foundation of mathematics and

Basic mathematics for teaching exams. The underlying idea is the assumption that a lab is “effective”

if it helps students “pass” the exam. So, roughly speaking, the number of students who attended the
lab and passed the exam is an index of the effectiveness of the lab. There are a few peculiarities of the

Italian system that lead us to the need to refine data processing. We will briefly describe some significant
cases.

• Average students in our sample attended Foundation of mathematics lectures from October to

December 2016 (in his/her first year), and passed the corresponding exam in the period between



Table 1: Collected data
Lab Enr. NMB1 NMB2 AVG1 AVG2

LAB1 31 25 23 24.4 26.7

LAB2A 29 22 18 23.0 25.2

LAB2B 27 20 13 22.7 24.5

LAB3 30 21 13 21.5 24.3

LAB4A 32 26 17 21.9 25.4

LAB4B 31 20 14 21.6 25.4

LAB5 31 26 20 23.0 26.3

LAB6 32 30 20 22.7 25.6

LAB7A 30 27 19 22.9 24.9

LAB7B 28 22 19 22.3 24.5

LAB8 31 28 24 23.3 26.1

LAB9 31 29 26 22.4 26.3

LAB10 26 15 7 21.3 24.0

Table 2: Indices
Lab PRER AVG1 Success d AVG

LAB1 0.81 24.4 0.92 2.1

LAB2A 0.76 23.0 0.82 1.8

LAB2B 0.74 22.7 0.65 1.4

LAB3 0.70 21.5 0.62 2.3

LAB4A 0.81 21.9 0.65 2.8

LAB4B 0.65 21.6 0.70 3.1

LAB5 0.84 23.0 0.77 3.2

LAB6 0.94 22.7 0.67 2.3

LAB7A 0.90 22.9 0.70 1.2

LAB7B 0.79 22.3 0.86 1.8

LAB8 0.90 23.3 0.86 2.6

LAB9 0.94 22.4 0.90 3.8

LAB10 0.58 21.3 0.47 1.1

January 2017 and February 2018. Then, from March 2018 to May of the same year, the students

attended Basic mathematics for teaching lectures and lab: if they passed the exam before the end

of September 2018 we scored a “success” for the lab, otherwise we scored a “failure” for the lab.
• Students attending Foundation of mathematics lectures from October to December 2016 might not

have been able to pass the corresponding exam before March 2018, but attended the Basic math-
ematics for teaching lab anyway. These students are not entitled to give the Basic mathematics for

teaching exam, so we did not count them as “failure” for the lab.

Moreover, the distribution of the students in the labs is not uniform, so we needed to take into account

the “level” of the students enrolled in each laboratory. We assumed the grades students got in the
Foundation of mathematics exam is a reliable indicator of the initial level of the students. As well we

assumed that the grades students got in the Basic mathematics for teaching exam is a reliable indicator

of the final level of the students.

2. DATA COLLECTION

In the academic year 2017-18, thirteen laboratories were held. Data collected are reported in Table 1

(we use the same number to refer to laboratories animated by the same tutor). More precisely:

• “Enr.” is the number of students enrolled in each lab;
• “NMB1” is the number of such students who passed Foundation of mathematics before starting

attending the lab;
• “NMB2” is the number of students enrolled in the lab who passed Basic mathematics for teaching

after the end of the lab and until September 2018;



Fig. 1: PRER

Fig. 2: AVG1

• “AVG1” is the average of the grades the students enrolled in each lab got in the Foundation of

mathematics exam, average taken on the students who actually passed such exam, i.e. the stu-

dents we counted in “NMB1” (students can get a “distinction” and in this case, for the purpose of
this analysis, we will count such “distinction” as a grade of 31);

• “AVG2” is the average of the grades the students enrolled in each lab got in the Basic mathemat-
ics for teaching exam (average taken on the students who actually passed such exam, i.e. the

students we counted in “NMB2”, as above we count “distinctions” as a grade of 31).

From these data we computed the indexes reported in Table 2. The first pair of indexes is meant to
monitor the initial level of the students.

• “PRER” is the the ratio between the number “NMB1” (i.e. the number of students who actually

had the prerequisites in order to take the second year exam) and “Enr.”, the number of students
enrolled in the lab. A comparison of such indexes is plotted in Fig. 1.

• “AVG1” is the same as in Table 1, the average of the grades in the first year exam. To have a better

understanding of the initial level of the students, we plotted the quartiles of the students’ grades for
each lab in Fig. 2 (where the dashed line is the global average in such exam). When needed, e.g.

in order to compare it with other indices, we normalize such index over 30.

In order to have a global view of the initial level of the students enrolled in each lab, we plotted the
difference between such indexes and the corresponding global average in Fig 3.

The second pair of indices is meant to monitor the final level of the students, that is, in our hypothesis,
reflects the “success” of the laboratory.

• “Success”: the ratio between “NMB2” and “NMB1”. Such values are plotted in Fig. 4.



Fig. 3: Initial level

Fig. 4: Success

• “d AVG”: the average of the difference between the grades the students got in Basic mathematics
for teaching and the grades they got in Foundation of mathematics (normalized over the difference

between the global average of such exams, when needed). To have a better understanding of

these data, we plotted the corresponding quartiles in Fig. 5 (where the dashed line is the global
average of such differences).

A summary of the data listed in Table 2 is available in Fig. 7. To better visualize the differences between

the various laboratories we have also created the graph of the differences between the various indices

and the respective global averages, see Fig. 8.

3. ANALYSIS

The histogram in Fig. 6 actually shows differences performances of the laboratories. You can spot

laboratories that seem to have achieved good results (“Success” above average) and among these one
can notice the good performances of LAB1 and LAB9. Also Fig. 6 shows a grater increase in students

grades for LAB9 than for LAB1. In general, in the exam of the second year a higher grades average is
recorded. Students enrolled in LAB9 get 4 more points in the second exam than in the first (see Table 1)

and more than half of the students who attended such lab has a grade increase above average (see

Fig. 5). If we focus on the initial level, we can also notice that LAB9 had “AVG1” below average, but a
very high “PRER”.

In the opposite extreme, LAB10 shows a very low performance: “Success” ratio is very low and “d AVG”

is significatively below average (see Fig. 5). Apparently this lab involved a set of students with a very
low initial level (see Fig. 3), but we can also point out that the initial level is comparable (according to the



Fig. 5: d AVG

Fig. 6: Final level

Fig. 7: All data (1)



Fig. 8: All data (2)

collected data) with the one of LAB4B, which has instead a better outcome.

Finally, it seems that the tutors’ “imprint” has more influence on “d AVG” than on “Success”. For instance,

LAB2A and LAB2B, which had the same tutor, have the “Success” index respectively above and below
average, starting from very similar initial levels. Other tutors seems to obtain a better outcome with the

worse initial level (e.g. LAB7B has a “Success” greater than the corresponding index for LAB7A, while

having worse initial indexes).

4. CONCLUSIONS

The analysis we described is just a first step in the direction of evaluating the different labs, and as
we carried out this work many questions arised and remained open. First of all we need to repeat this

analysis on the data of AA 2018-19 in order to understand if the data fluctuations found are significant

or not.
Furthermore, we now need to investigate the different laboratories implementations. Roughly speaking,

the question we need to answer is “is there anything that makes LAB9 better than LAB10”? There are

a lot a variables that need to be taken into account. With this analysis we can easily monitor the index
“PRER”: LAB10 is the one the one with higher ratio of students who were not entitles to take the exam of

the second year. Might the presence of these students be a cause of a low “Success” and low “d AVG”?
Although we did not take these students into account when computing the “Success” index, it might be

supposed that they had a very low level of engagement in the “active mathematics” experience, and that

this negatively influenced the effectiveness of the lab for the whole class group.
There are variables related to the design of the laboratories: we assumed that all the labs are imple-

mented according to PBL principles: is it really so? Are the themes and the problems chosen by the

tutors really engaging for the students?
There are variables related to the ability of the tutors to run a lab. For instance both LAB1 and LAB9 had

two tutors, instead of just one. Did this allow a better monitoring of the students and a more apt support

action by the tutors?
There are variables that relate the topics covered by each lab to the topics required for the exam. We

assumed that experiencing PBL in the lab lead to a better learning and that grades in the math exams
are good indication of such learning. If a lab leads students to explore topics that are not tested for the

final exam, the final grade cannot reflect any effects of the laboratory experience.

Finally, we close with a small note. All the labs are subject to evaluation by the students, through a
standard questionnaire (more precisely the survey involves the students accounted in “NMB2”). This

evaluation produce an “efficacy” index for each lab, in a range from 0 to 3. In this evaluation, LAB9

scored 2.35, while LAB10 scored 2.47, showing that students’ perception is, at least for these two labs,
in stark contrast to the indices we described.
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