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Abstract

Constructivist science education research has pointed out that students who begin their academic
career in a scientific programme may generally reveal some misconceptions on a broad spectrum of
Physics topics. Our research aims at verifying if the background knowledge in classical Physics of
some Palitecnico di Milano learners highlights the presence of some misconceptions and their spread.
Furthermore, does attending university for some months reduce these misconceptions?

Both first-year and second-year university students enrolled for engineering were involved in our
study; on balance, they were 989. Data about these possible misconceptions were gathered through
the use of an ad hoc test, an original Physics Concept Inventory, which was administered to all the
students through the online portal Socrative and their own electronic devices, aligning with the Bring
Your Own Device (BYOD) strategy. The trial consisted of 12 multiple choice quizzes; every question
was characterised by four possible answers, but only one alternative out of four was correct.
Therefore, the possible misconceptions investigated by means of that quiz were generally explored
through the other three incorrect answers.

Actually, in accordance with the incorrect alternative selected by a student it was possible to detect
their misconception related to that topic. In accord with the significant bulk of data collected one can
argue that misconceptions are broadly disseminated among freshmen as well as second-year
university students. On balance, freshmen often start their academic career with numerous erroneous
viewpoints on Physics phenomena and attending university courses at times appear to be unable to
improve significantly the students’ understanding of them.
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1 INTRODUCTION

Constructivist science education research has pointed out that university learners do not start with a
clean slate on the physical world [1-4]. Indeed, students who begin their academic career in a
scientific programme, like engineering, science, chemistry and biology, may generally reveal some
erroneous viewpoints and incorrect interpretative schemas of a broad spectrum of Physics topics [5-
10].

Students’ wrong ideas and lines of reasoning on a considerable number of physical phenomena,
accumulated over the years from their previous learning and experience, were christened
“misconceptions” for the first time in 1972 [11] in an article that illustrated a study focused on
elementary school children. Thoroughly investigated, misconceptions have assumed a more and more
paramount role in Physics teaching, being classified into five different classes or categories:
preconceived notions, nonscientific beliefs, conceptual misunderstanding, vernacular misconceptions
and factual misconceptions [10,12]. From all accounts, they are essentially defined as ideas at
variance with recognised views [13] or dissimilar from the ones generally acknowledged by scientists
[14]. Needless to say, not only are these alternative conceptions considered as inconsistent with
physicists’ accepted views, but at the same time they could represent an obstacle to the process of
maturation of a correct canonical students’ understanding.

Born and developed into the panorama of this instructional issue, the Experimental Teaching Lab
ST2! of Politecnico di Milano and another Italian institution, Universita degli Studi di Trento, which
provides pedagogic support, have developed a case study aimed at answering the following research
questions:

1 http:/fwww.st2.fisi.polimi.it



1. do university students enrolled for Engineering at Politecnico di Milano reveal any
misconceptions in Physics, related to notable topics addressed in their academic basic Physics
courses and studied at high school?

2. How widespread are these incorrect ideas?

3. Given the important role of social interaction in framing intuitive thinking, does attending
university for some months reduce these misconceptions? Furthermore, is the aforementioned
potential influence connected up with progress in either students’ study method, or knowledge
or both?

2 METHODOLOGY

Our research is focused on identifying and analysing some remarkable and general misconceptions
shown by both first-year and second-year university students enrolled for engineering, in relation to
their knowledge of Physics, with specific reference to Mechanics, Thermodynamics and
Electromagnetism. These misconceptions were selected taking into account the next conditions:

a. to be pertained to some topics taught in the university Physics courses of Politecnico di Milano;
b. to be concerned in some issues that these undergraduates studied at high school.

The study target consisted in students enrolled for four different engineering branches, “Chemical
Engineering”, “Materials and Nanotechnology Engineering”, “Mathematical Engineering” and “Physics
Engineering” in the academic year 2018-2019. In respect of the purpose of our research, the
undergraduates were assembled in three distinct sections named 1, 2 and 3 respectively, on the basis
of the Physics course they were about to attend (Experimental Physics A+B, Experimental Physics |
and Experimental Physics Il) and their engineering branches, as well as their year and the term in
which they attended their Physics course. Table 1 synthesises the data collected with relation to the
basic Physics courses involved in our study.

Table 1. Data about the basic Physics courses involved in the research.

Students Physics Engineering Students  Course
Section b
number coursel study course year term
) ) Chemical,
1 449 Experimental Physics A+B 1 1
Materials and Nanotechnology
Mathematical,
2 370 Experimental Physics Il 2 1
Physics

3 170 Experimental Physics | Physics 1 2

1 At Politecnico di Milano the course title can use some alphabetic letters or Roman numerals to identify the content topics. For
instance, in this case A+B, | and Il mean that the course regards Mechanics and Electromagnetism, Mechanics and
Thermodynamics, and Electromagnetism and Optics respectively.

It is appropriate to point out that the students grouped in section 1 (S1) were at the start of their
university career; consequently, they had never attended an academic course and their knowledge
along with understanding of Physics phenomena was related to their own previous experience and
instruction. Differently, even though section 3 (S3) consisted of first-year university students, like S1,
these latter freshmen were at the beginning of the second academic term, hence they had already
taken some university courses [15], among which Chemistry. Notwithstanding that they had not
studied Physics in a previous academic course, some issues related to Thermodynamics and
Electromagnetism still had been addressed in their chemistry classes. Finally, the second-year
university students included in section 2 (S2) were at the beginning of their second academic year;
needless to say, they had already attended a good deal of university courses [15], including Chemistry
and, more importantly, Experimental Physics | which focused on Mechanics and Thermodynamics.



To investigate the possible students’ misconceptions in Physics, researchers have adopted different
techniques over the year, for instance interviews [16], open-ended tests [17] and multiple-choice tests
[18]. Since the number of overall students potentially involved in this study had been estimated to be
massive when the research was planned - on balance they were 989 -, a multiple-choice test
appeared to be an appropriate and clever option to carry out our study. Although standardised
guestionnaires on these subjects, statistically well validated, were undoubtedly available [19,20], these
trials were not designed to meet our requirements. As a consequence, the Experimental Teaching Lab
ST2 of Politecnico di Milano created an authentic ad hoc multiple-choice test, identical for S1, S2 and
S3, on the basis of the students’ most recurrent mistakes in their Physics courses final examination,
their more frequent questions during lessons or drills as well as researchers’ own teaching experience
and the literature on misconceptions in Physics. Universita degli Studi di Trento corroborated the
educational and didactic suitability of how this trial was created. This test, administered at the
beginning of every university Physics course involved in our study, consisted of twelve quizzes,
divided equally among Mechanics, Thermodynamics and Electromagnetism. The overall number of
quizzes was set taking into account some priorities; on the one hand, the trial could not last too much,
on the other hand it was essential to have an adequate number of quizzes. Every question was
characterised by four possible answers, but only one alternative out of four was correct; therefore, the
possible misconceptions investigated by means of that quiz were generally explored through the other
three incorrect answers. Actually, in accordance with the incorrect alternative selected by a student it
was possible to detect their misconception related to that topic.

The sequence of the questions and the time allotted to each one, 90 seconds, were formerly arranged.
As a result, the students could not manage their time, nor the order to answer the quizzes. The trial
was administered to all the students through the online portal Socrative [21] and their own electronic
devices, like smartphones, tablets and laptops [22], aligning with the Bring Your Own Device (BYOD)
strategy [23]. During the test, which was taken by the undergraduates during their first lecture of the
course, a tutor assisted the teacher to control the whole trial: however, no interaction with the students
was allowed nor suggestions to them were provided with relation to the correct answers. In table 2
investigated misconceptions, specific headings to which these aforementioned misconceptions are
linked and their respective macro-areas of Physics are summarised.

Table 2. Quizzes classification based on misconception areas, specific headings and macro-
areas of Physics.

Quiz Misconception area Specific heading Macro-area
M1 | Displacement and distance travelled Kinematics Mechanics
M2 | Static friction Force Mechanics
M3 | Impulse, momentum law Linear momentum Mechanics
M4 | Conservation of energy, linear and angular momentum Gravitation Mechanics

T1 | Phase transition and heat exchanged Thermodynamics processes Thermodynamics

T2 | Relation between heat and energy of a Thermodynamics system | Heat Thermodynamics

T3 | Quasi-static and no quasi-static adiabatic process Thermodynamics processes Thermodynamics

T4 | Efficiency of a heat engine and comparison with Carnot engine | Heat engine Thermodynamics
E1 | Source of an electric field Electric field Electromagnetism
E2 | Electrical induction Conductors Electromagnetism
E3 | Electric field in the presence of a dielectric Dielectrics Electromagnetism
E4 | Equilibrium of a current loop lying in a magnetic field Magnetostatics Electromagnetism




3 RESULTS

The first step of our analysis consisted in evaluating the overall results of the test, comparing and
contrasting the students’ groups of the three sections involved in the research, in order to gauge how
widespread possible misconceptions in Physics were. Moreover, the level of difficulty of every single
quiz was determined according to the number of correct answers given to it by the students: it was
classified as easy (E) if the right answers were more than 70%, difficult (D) if they were less than 35%,
regular (R) otherwise [24,25]. Tables 3 shows these data related to each quiz and every students’
section engaged in the study.

Table 3. Percentage of correct answers and relative difficulty related to each quiz and students’
section involved in the research.

Section
Quiz 1 2 3
M1 15,6% - D 15,7%-D 10,6% - D
M2 25,6% - D 11,4% -D 20,0% - D
M3 32,1%-D 79,5% - E 38,2% -R
M4 13,8% -D 4,6% - D 10,0% - D
T1 54,1% - R 79,7% - E 76,5% - E
T2 52,6% - R 68,9% - R 729% -E
T3 16,9% - D 54,3% - R 20,0% - D
T4 54,3% - R 47,6% - R 54,7% - R
E1l 38,3% -R 53,2% - R 58,8% - R
E2 8,5% - D 21,1%-D 15,3% - D
E3 48,1% - R 46,0% - R 54,1% - R
E4 13,1% -D 8,1% - D 5,9% - D

The first-year university students (S1 and S3) who selected the correct alternative were generally few;
as regards freshmen attending their Physics course in the first term (S1), the rate of correct answers
was permanently inferior to 60%, no question could be classified as easy and seven out of twelve
were categorised as difficult. Comparable considerations should apply to freshmen who took their
Physics course in the second term (S3): the percentage of correct answers was superior to 60% only
twice and the difficult questions were one out of two. Moreover, it ought to be emphasised that the
findings concerning the second-year university students (S2) were not blatantly better and in some
cases the rate of their success was undoubtedly lower: the percentage of correct answers was higher
than 60% just three times out of twelve and only two quizzes might be classified as easy.

In short, these data highlight that these misconceptions are broadly widespread among the students of
all the three sections and are generally related to every macro-area involved.

A second phase of the analysis process consisted in examining the outcomes of the trial with specific
reference to each incorrect answer to every quiz, comparing and contrasting the students’ groups of
the three sections involved in the study. Furthermore, the three macro-areas were analysed
separately.

Table 4 and figure 1 summarise the data related to each quiz in the macro-area named Mechanics
expressed by every section.



Table 4. Results related to answers A-D to each quiz of the Mechanics macro-area given by the
students’ sections involved in the research. The correct alternative is highlighted in bold.

Quiz Section A B C D No answer
1 51,9% 15,6% 10,2% 18,7% 3,6%

M1 2 54,3% 15,7% 8,7% 19,5% 1,9%
3 60,6% 10,6% 11,2% 15,9% 1,8%
1 28,5% 30,5% 12,3% 25,6% 3,1%

M2 2 44,3% 38,4% 3,0% 11,4% 3,0%
3 34,7% 32,9% 11,2% 20,0% 1,2%
1 44,5% 32,1% 11,8% 7,8% 3,8%

M3 2 11,1% 79,5% 3,8% 3,5% 2,2%
3 44,1% 38,2% 8,8% 6,5% 2,4%
1 13,8% 37,6% 24,7% 22,1% 1,8%

M4 2 4,6% 76,5% 3,5% 13,8% 1,6%
3 10,0% 48,8% 12,9% 22,4% 5,9%
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Figure 1. Results related to correct answers to each quiz of the Mechanics macro-area given by the
students’ sections involved in the research.

The table and the figure highlight the fact that the results show no significant difference among
freshmen (S1 and S3) and between the just mentioned first-year university students and the second-
year university students (S2), with the exception of quiz M3 where the latter appear to overcome
largely the misconceptions related to that specific topic. In quizzes M1 and M3 the incorrect answers
of all the students engaged in the research predominantly focus on one of the possible alternatives
(A), so that one can argue that there is only one predominant misconception related to those Physics
subject matters. With reference to the Physics topics addressed in quizzes M2 and M4 the issue is
more complex owing to at least two incorrect answers overwhelmingly chosen by students, namely A
and B for quiz M2 and B and D for quiz M4, it implies that there are multiple misconceptions



influencing their knowledge on those Physics themes. However, one should emphasise that most of
S2 students, who had attended a Physics course where these Mechanics topics had already been
studied, opted for the only incorrect alternative B in quiz M4. It could be asserted that attending that
Physics course may have resulted in the students’ strengthening of one of the possible
misconceptions rather than getting through all of them.

Table 5 and figure 2 summarise data related to every question allotted in the macro-area
Thermodynamics expressed by each section.

Table 5. Findings related to answers A-D to each quiz of the Thermodynamics macro-area given
by the students’ sections involved in the research. The correct alternative is highlighted in bold.

Quiz Section A B C D No answer
1 2,2% 11,8% 54,1% 29,0% 3,1%
T1 2 4,6% 6,5% 79,7% 7.3% 1,9%
3 4,1% 4,7% 76,5% 10,6% 4,1%
1 27,8% 52,6% 16,7% 0,67% 2,2%
T2 2 17,6% 68,9% 11,9% 0,27% 1,4%
3 17,7% 72,9% 7,7% 0,59% 1,2%
1 16,9% 25,2% 15,4% 34,3% 8,2%
T3 2 54,3% 6,2% 18,1% 18,4% 3,0%
3 20,0% 16,5% 11,8% 42,9% 8,8%
1 24,5% 14,5% 54,3% 1,6% 5,1%
T4 2 32,4% 12,2% 47,6% 1,35% 6,5%
3 25,9% 6,5% 54,7% 2,94% 10,0%
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Figure 2. Results related to correct answers to each quiz of the Thermodynamics macro-area
given by the students’ sections involved in the research.



The table and the figure show that S1 freshmen, who had never attended any university course,
revealed erroneous viewpoints on all the quizzes, blatantly in question T3 where two incorrect
answers were particularly taken into account by students. Considering S3 freshmen, their outcomes
were significantly different in comparison with S1 in quizzes T1 and T2, where misconceptions do not
appear to be broadly widespread. Indeed, those issues had been dealt with in the Chemistry course
that they had just taken. On the contrary, the results of these two groups were homogeneous in
guestions T3 and T4, based on topics not addressed before, even though S3 freshmen significantly
selected only one of the possible incorrect answers (D) in quiz T3. In conclusion, S2 students, who
had studied Thermodynamics both in a Physics and a Chemistry course during their first academic
year, highlighted achievements similar to S3 freshmen, with the exception of quiz T3, where wrong
answers were characterised by a lower, though not negligible, rate.

Table 6 and figure 3 show data related to each quiz in the macro-area named Electromagnetism
expressed by every section.

Table 6. Outcomes related to answers A-D to each quiz of the Electromagnetism macro-area
given by the students’ sections involved in the research. The correct alternative is highlighted in

bold.
Quiz Section A B C D No answer
1 18,7% 9,1% 38,3% 29,0% 4,9%
El 2 14,3% 8,1% 53,2% 15,1% 9,2%
3 8,8% 4,7% 58,8% 24,7% 2,9%
1 25,8% 38,5% 24,9% 8,5% 2,2%
E2 2 20,3% 33,0% 17,0% 21,1% 8,7%
3 22,4% 40,0% 20,6% 15,3% 1,8%
1 20,9% 12,5% 11,6% 48,1% 6,9%
E3 2 25,4% 7.8% 10,8% 46,0% 10,0%
3 22,4% 9,4% 10,6% 54,1% 3,5%
1 27,6% 13,1% 14,7% 41,0% 3,6%
E4 2 30,3% 8,1% 15,7% 36,8% 9,2%
3 35,9% 5,9% 11,8% 44,7% 1,8%
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Figure 3. Results related to correct answers to each quiz of the Electromagnetism macro-area
given by the students’ sections involved in the research.

The table and the figure highlight the impressive diffusion of misconceptions with relation to quizzes
E2 and E4 among all the students engaged in the study. At least two incorrect alternatives are
characterised by a high score. Taking into account questions E1 and E3, misconceptions appear to
play an appreciable role; in fact, notwithstanding that the rate of correct answers is higher than in the
quizzes previously mentioned it is still lower than 60%. It is worth to emphasise the unusual number of
unfilled answers which characterised S2.

On balance, considering that S2 and S3 students had already attended a university Chemistry course,
where they had studied some preliminary issues about Electrostatics, all the three sections attained
substantially equivalent outcomes in Electromagnetism. As a consequence, although to attend
university for six months (S3) or one year (S2) probably contributes to developing learners’ general
and integral processes of constant growth, it could be argued that this attendance does not appear to
change some incorrect frames of mind that students employ to interpret the physical reality.
Comparing S1 and S3 results in Mechanics seems to confirm this claim.

In other words, with relation to the third research question one might conclude that the study of some
Physics topics in some university courses by undergraduates enhances slightly their Physics
knowledge. On the contrary, attending university for some months does not appear to be effective in
fostering significant progress in students’ study method.

4 CONCLUSIONS

Our research corroborates the awareness that both Politecnico di Milano freshmen and second-year
students frequently highlight some incorrect ideas and erroneous interpretative schemas on many
Physics phenomena: only 35.7% of the answers in the multiple-choice test administered to the
learners was correct. Indeed, to the present day to attend a Physics course as well as to succeed in its
final examination rarely allows students to overcome many of these erroneous interpretative schemas;
on the contrary, an initial misconception may be more frequently replaced by a different one related to
the same topic. In this respect we are planning to redesign some High School and academic Physics
lectures where possible solutions, chosen on an empirical base, will be tested and their effectiveness
checked.

It is worth to emphasise that enhancing the scientific background of the prospective freshmen helps to
reduce their future learning difficulties as well as to increase students’ self-efficacy and self-esteem;
accordingly, it is likely to decrease the rate of failure at academic final exams and the number of
students who could potentially drop out [26] or need extra time to conclude their academic career.
These phenomena have a thorough impact on the issue of sustainability owing to the waste of



economic and personal resources and time [27]. Actually, Politecnico di Milano is strongly committed
to improving the sustainability of its educational activity and a new project named ProPre (“Profiling
and Predicting PoliMi students’ performance at Bachelor and Master courses, using Advanced
Statistical Methods and Machine Learning Techniques”), which has been funded by the Italian
Government and the university itself, will further strengthen these efforts. Our study moves in this
direction.
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