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We report on a project to introduce interactive learning strategies (ILS) to physics classes at the
Université Pierre et Marie Curie, one of the leading science universities in France. In Spring 2012,
instructors in two large introductory classes, first-year, second-semester mechanics, and second-year
introductory electricity and magnetism, enrolling approximately 500 and 250 students, respectively,
introduced ILS into some, but not all, of the sections of each class. The specific ILS utilized were
think-pair-share questions and Peer Instruction in the main lecture classrooms, and University of
Washington Tutorials for Introductory Physics in recitation sections. Pre- and postinstruction assess-
ments [Force Concept Inventory (FCI) and Conceptual Survey of Electricity and Magnetism (CSEM),
respectively] were given, along with a series of demographic questions. Since not all lecture or
recitation sections in these classes used ILS, we were able to compare the results of the FCI and CSEM
between interactive and noninteractive classes taught simultaneously with the same curriculum. We
also analyzed final exam results, as well as the results of student and instructor attitude surveys
between classes. In our analysis, we argue that multiple linear regression modeling is superior to other
common analysis tools, including normalized gain. Our results show that ILS are effective at
improving student learning by all measures used: research-validated concept inventories and final
exam scores, on both conceptual and traditional problem-solving questions. Multiple linear regression
analysis reveals that interactivity in the classroom is a significant predictor of student learning,
showing a similar or stronger relationship with student learning than such ascribed characteristics
as parents’ education, and achieved characteristics such as grade point average and hours studied per
week. Analysis of student and instructor attitudes shows that both groups believe that ILS improve
student learning in the physics classroom and increase student engagement and motivation. All of the

instructors who used ILS in this study plan to continue their use.

DOI: 10.1103/PhysRevSTPER.10.010103

L. INTRODUCTION

Although the French educational system is different
from the American system in many ways, the two systems
share the goal of helping science students develop a deep
conceptual understanding of their disciplines. A basic
grounding in physics is essential to all the sciences, and
the principles taught in physics classes (e.g., conservation
of energy) touch every science, including physics itself,
chemistry, and biology. Students in all of these fields take
physics, but research has shown that many university sci-
ence students do not truly understand these basic concepts
when they are taught in the traditional lecture style [1-6].
Results presented in these references show that using inter-
active learning strategies (ILS) can significantly improve
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student understanding of basic science concepts when
compared with traditional lecture alone, often by a
factor of 2 or more, and that continued use of these
strategies leads to higher gains over time. These interactive
learning strategies emphasize creating an environment in
which students are active in the classroom, often working
collaboratively, and thereby take control of their own
learning.

This body of work on the effectiveness of ILS in improv-
ing student learning gains in physics classrooms in the
U.S., combined with a strong interest in these learning
strategies at the Université Pierre et Marie Curie (UPMC)
in Paris, France, led us to undertake the study described
here. The main focus of this study was to introduce ILS,
already shown to successfully improve student learning in
the U.S., into the introductory physics classes at UPMC in
a systematic way. Though the physics faculty and admin-
istrators at UPMC were definitely intrigued by the promise
of ILS, they also wanted to see it work in their own
educational environment and setting. For example, when
this study was first proposed, some UPMC faculty
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suggested that there were fundamental differences between
the cultures of the French and U.S. educational systems
that might make the students and instructors resistant
to such innovations as ILS. We describe some of these
differences in Sec. III.

We studied two courses: a first-year, second-semester
mechanics class, and a second-year electricity and magne-
tism (E&M) course. We were able to introduce ILS into
some sections of each course, but not others, providing two
controlled experiments. Student learning gains were
assessed using both research-validated concept inventories
[Force Concept Inventory (FCI) and Conceptual Survey
of Electricity and Magnetism (CSEM)] and final exam
scores. In addition, student demographic information was
collected, as was information about both student and
instructor attitudes about ILS.

The remainder of this article is divided into the follow-
ing sections: Sec. II overview of ILS used in this study;
Sec. III, background and motivation; Sec. IV, settings
and participants; Sec. V, study design; Sec. VI, results;
and Sec. VII, conclusions.

II. OVERVIEW OF INTERACTIVE LEARNING
STRATEGIES USED IN THIS STUDY

Implementation of ILS can take many forms, but there
are two very common implementations that were used in
this study, and which we briefly describe here. The first is
think-pair-share (TPS) questions, typically used in lecture
hall settings (Amphi in French), whereby students are
asked to answer a multiple-choice question designed to
test their knowledge of a science concept being presented
in the class, first thinking by themselves and choosing an
answer (think), then discussing their answers with their
neighbors (pair), and finally choosing their answer a sec-
ond time (share), possibly revising their answer in response
to the discussion with their peers (peer instruction). Used
together with short lectures on each topic, this ILS is one of
the simplest and yet most effective ways for students to
actively engage in the classroom [7,8]. The students’
choices can be collected in various ways: in this study
we used a classroom response system (CRS) or “clickers”
(boitiers réponses in French), small remote devices that
allow an instructor to record the students’ answers on their
computer and display them in real time as a histogram.
(The main alternative method of collecting students’
answers is flashcards.)

The second major form of interactive learning used in
this study is the tutorial, primarily used in recitation sec-
tions (Travaux Dirigés or TD in French). Tutorials, which
are done in small groups of 3 or 4 students, consist of
worksheets of questions designed to help students address
common difficulties about topics common in introductory
physics classes, based on extensive research into the type
and nature of these difficulties, and to develop a coherent
conceptual understanding on those topics [9,10]. This ILS

was pioneered at the University of Washington [11], and
has since spread to become one of the leading and most
effective ILS used in the U.S. [10,12].

III. BACKGROUND AND MOTIVATION

The study took place at UPMC. To provide the
background of the study and elucidate the motivation for
this study, we begin by briefly describing the French
educational system, mostly to contrast it with that of the
U.S. We then describe the conditions at UPMC that led the
physics faculty there to undertake this project of introduc-
ing ILS into their classroom, and the associated research
study.

The French education system has a number of differ-
ences with that in the U.S., and it is beyond the scope of
this article to completely describe them. However, here we
highlight three major differences that bear on the nature of
the participants in our study, and on the cultural differences
with students in the U.S. (and to some degree other
European countries) in attitudes and motivations of both
students and instructors in the system.

In France, students choose an area of study while still in
high school (/ycée). They can choose between three differ-
ent streams (séries in French): natural science, economics,
and social sciences or literature. Although this choice is
not final, changing subjects later is not easy or common.
The overwhelming majority of the population studying
science in the first year at university comes from the natural
science stream of high school, for the simple reason that
the scientific background learned in the other streams
provides insufficient preparation for the study of science
at university.

A second difference between the French and the U.S.
systems is that in France there is a national system of
secondary school education, with a common program of
study for each stream. To pursue higher education, students
must pass a national exam in their area, the baccalauréat
(known as the bac, for short). The nationally specified
programs of study and the existence of a common exam
(bac) encourages traditional pedagogy that focuses on
passing the bac, and may have historically limited the
flexibility that instructors have in designing their high
school courses. It led us to expect that students, and
instructors, might resist the introduction of innovative
pedagogies, such as ILS.

A third major difference in the French education system
concerns the splitting of the student population into tracks
in the first years of higher education. After high school,
students can follow one of two main tracks, and this choice
is primarily based on their grades in high school. Most of
the best students attend a postsecondary institution known
as classes préparatoires aux grandes écoles (CPGE),
which is a two-year preparation for competitive entrance
exams to enter the grandes écoles, the best of which are the
highest ranked postsecondary schools in France—these
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can be thought of as equivalent to the top universities in the
U.S. The others students go directly to the universités,
which are more similar to the U.S. public universities. In
the sciences, those two tracks have a roughly equal number
of students entering in the first year [13].

UPMC is a top French research university with a
long-standing international research reputation of the
very highest order: in the Shanghai 2012 survey, it is
ranked 2nd in France, 8th in Europe, and 42nd in the world
[14]. However, this research prominence is not reflected in
the quality of the undergraduate students. Students who
pass the bac have the right to attend university, whereas
entrance to the CPGE and grandes écoles is competitive. In
addition, universities in France are nearly free to students;
in fact, students receive benefits in addition to free tuition,
such as discounts for health care, travel, meals, entertain-
ment, etc., which leads some students to enroll at université
simply to receive these benefits.

In recent years, there has been a growing concern among
the physics faculty at UPMC that students were not moti-
vated to learn. The high pass rate for the bac (88% in 2011
[15]), together with open enrollment and tracking of
weaker students into universities, has led to a low level
of success in the first year of university. In France, students
are given an overall grade for each year of school, and at
UPMC, 55% of students fail in their first attempt to pass the
first year. Students are often found to be very passive, not
only in the lecture hall, but in recitation sections, where
they will wait for the instructor to show them answers to
the assigned exercises, rather than first attempting to work
the problems themselves. Frustration with these problems
was one of the main motivating factors for faculty in the
physics department (Faculté de Physique) at UPMC to
consider introducing ILS into their classrooms.

The year prior to this study, a few physics faculty
members at UPMC had begun to experiment with such
strategies, mostly TPS questions in the lecture classroom
(Amphi). However, there was no systematic, coordinated
effort to bring about general change in the practices of the
department. After a presentation in France by one of the
authors (A. L. R.), while visiting from the U.S., on research
demonstrating the improved learning gains achieved by
students in classes using ILS, a group of instructors, with
the support of the department chair (Directeur de la faculté
de physique), decided to pursue the study described here: a
systematic introduction of ILS into a number of physics
classrooms in the first two years at UPMC coupled with a
quantitative study of the effectiveness of such ILS in the
French university.

IV. SETTINGS AND PARTICIPANTS

We now describe the system of tracking and majors at
UPMC at the time of this study. Unlike the program at the
lycée (high school), which is standardized nationally,
each university designs its own program in each subject.

The program in physics (and all the other sciences) at
UPMC has been completely redesigned since this study
was conducted, and we describe here the system in place at
the time of our study.

In France, the bachelor degree (licence in French) is
only three years, with increasing specialization as students
progress. The years are labeled L1, L2, and L3, where L
stands for licence and the number indicates level at uni-
versity. Every student entering UPMC is studying either
medicine or science. At the time of this study, the science
students in the first year (L1) initially chose to join one of
three initial parcours (tracks). These tracks are labeled
using four letters, where the first two letters indicate
the subjects in which students intend to get their licence
(their major), and the second two letters indicate those
other subjects they will study in the track; thus, the main
emphasis of the track is indicated by the first two subjects
listed. The three tracks are called

(1) PCME (Physique-Chimie-Mécanique-Electronique),

corresponding to physics, chemistry, mechanical
engineering, and electrical engineering in the U.S.,

(i) MIME (Mathématiques-Informatique-Mécanique-
Electronique), corresponding to math, computer
science, mechanical engineering, and electrical
engineering,

(iii)) BGPC (Biologie-Géologie-Physique-Chimie), cor-
responding to biology, geology, physics, and
chemistry.

Thus, a student interested in physics or chemistry would
join PCME; students interested in math or computer sci-
ence would choose MIME; and students interested in biol-
ogy or geology would choose BGPC. Those students who
wish to study mechanical or electrical engineering could
choose either PCME or MIME, depending on their
mathematical ability, or they might choose MIME to avoid
studying chemistry, or choose PCME to avoid studying
computer science. In the second year (L2), students then
choose the particular licence (major) they wish to pursue,
with the possibility of moving between tracks. Thus, a
student in MIME could decide to study physics, since
every student studies some physics in the first year (L1).

We now turn to a description of the specific courses
we studied. Our study focused on two courses: a first-
year, second-semester mechanics course, and a second-
year electricity and magnetism course [16]. Students in
both PCME and MIME study mechanics during the first
year in two successive courses, LPI111 in the first
semester and LP112 in the second semester, but they
are divided into different sections of the course based on
their track. This ‘“‘tracking” of enrollment in these
courses introduces biases in student abilities between
sections that we will return to in the analysis of our
results (see Sec. VI).

The division of topics in mechanics between the first and
second semester at the time of this study was somewhat
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different from the traditional division in most U.S. colleges
and universities. The first semester (LP111) is called
“Classical physics I: movement and energy,” and focuses
on motions of single particles, covering topics such as
kinematics and dynamics, energy and work, gravitational
and electrostatic forces, and the harmonic oscillator. The
second semester (LP112) is called “Classical physics II:
dynamics of systems,” and focuses, as the name implies,
on systems, covering kinematics and dynamics in three
dimensions, conservation laws in systems, collisions, stat-
ics and dynamics of solids, the two-body problem for
central forces, and motion in noninertial reference frames.

An introduction to E&M is given in the second year
(L2). Many students take this class in the first semester, but
there are a number of tracks which do not take E&M until
the second semester of the second year. It is these latter
students that we studied. There were four different E&M
classes in the spring semester: LP203-1, LP203-2, LP205,
and LE207. These classes serve somewhat different student
populations, and are taught in slightly different ways,
but the main subject matter is the same, and quite tradi-
tional for an introduction to E&M: e.g., conductors, elec-
trostatics (Gauss’s law), magnetostatics (Ampere’s law),
and induction (Faraday’s law).

V. STUDY DESIGN

This study focused on two classes: a first-year, second-
semester mechanics class (LP112; total enrollment 476),
and a second-year, second-semester set of four E&M
classes (LP203-1, LP203-2, LP205, and LE207; total
enrollment 264), described above. The study consisted of
six main components:

(1) Instructor-training workshops were held before the
semester began, to help faculty learn about best
practices in implementing interactive learning in
their classroom. The leader of these instructor-
training workshops also visited classrooms of
instructors to observe and give feedback on imple-
mentation when asked, visiting multiple classrooms
involved in the study.

(2) Implementation of ILS in some sections of each
class, with varying levels and type of use, creating
natural experimental and control groups for each
class.

(3) Pre- and postinstruction assessment was done using
concept inventories, research-validated, multiple-
choice instruments designed to measure changes in
students’ understanding of the basic concepts taught
in a course.

(4) Final exam scores were collected for both the
mechanics and E&M classes.

(5) Demographic data were collected from students via
online surveys.

(6) Both instructor and student attitudes were surveyed,
online for students, on paper or by Email for

instructors. In addition, the instructors were invited
to participate in an end-of-semester debriefing ses-
sion; the majority attended.

We now describe details of how each of these six study
components was implemented.

Instructor-training workshops.—Two training work-
shops were held in January 2012 for faculty teaching in
these two classes, before classes began. These were led by
an expert in ILS implementation (A. L. R.). The first work-
shop focused on the implementation of think-pair-share
questions, including best practices for such implementa-
tion, modeled after the workshops developed by the Center
for Astronomy Education (CAE) at the University of
Arizona [17], but commonly used in classrooms in the
U.S. [7,8]. The second workshop focused on the imple-
mentation of tutorials in recitation (7D). This workshop
included videos from the Video Resource for Professional
Development of University Physics Educators [18-20],
and had faculty work through a sample tutorial. The videos
helped participants see common good and bad practices in
facilitating student group interactions in completing tuto-
rials. Having instructors experience completing a tutorial
themselves allowed them to experience the pedagogical
progression of tutorials firsthand, in a setting where they
could share and learn from each other’s experiences, as
well as learn from the workshop leader. Both workshops
had about 20 participants.

The workshops were open to all UPMC science and
mathematics faculty, and other UPMC faculty besides
those teaching in the study courses participated. Most of
these instructors participated in one or both of the training
workshops; all of the instructors in the two courses in this
study who introduced ILS into their classroom participated
in both workshops.

Implementation of ILS.—In the second-semester
mechanics class, there were five large sections that met
in lecture halls (Amphi) once a week for 2 hours, with
enrollments ranging from 80 to 120. The students in these
sections then met in recitation sections (7D) of 20-30
students, for three 2-hour sessions every two weeks
(thus, for an average of 3 hours per week). Two of the
five lecture halls implemented ILS, following the model of
TPS questioning, in which shorter, more focused lectures
are followed by having the students answer one or more
TPS questions [21], while the other three used traditional
lectures, mixed in the usual way with examples worked at
the board and some demonstrations. In addition, tutorials
were used in the recitation sections associated with the
classrooms implementing ILS in their lecture halls, but not
those in the recitations of the traditional classrooms. Thus,
some students in second-semester mechanics were exposed
to both TPS questions and tutorials, while others were
exposed only to traditional instruction both in the lecture
hall and in recitation sections, forming a natural control
group for the study.
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The two sections of the mechanics class using TPS
averaged about eight questions per 2-hour lecture class.
The instructors in these two sections also used worked
examples and demonstrations. However, they occasionally
added ILS to their demonstrations by turning them into
predictive demonstrations. This learning strategy has
students use their clickers to make a prediction about the
outcome of an experiment or demonstration before it is
completed, thereby engaging their thinking in a meaning-
ful way, which greatly improves their comprehension of
the physics behind the demonstration [22].

The two lecture sections using ILS also introduced
tutorials into their associated recitation sections (7D).
Traditional instruction in French recitations consists of
packets of problems that the students work on throughout
the semester. Although the students could work on these
problems outside of the recitation classroom, they tradi-
tionally do not, and further, most recitation instructors
complain that students do not spend time in recitation
working on these problems but rather wait for the instruc-
tor to present the answers on the board, thinking that
possessing these solutions constitutes understanding of
the material. This passivity of French recitation students
was one of the main drivers of the instructors’ desire for
innovation in their recitations. Hence, the instructors in the
five recitations associated with the sections using ILS in
their lecture halls each introduced tutorials into some of
their recitation sessions. These tutorials were chosen from
the University of Washington Tutorials in Introductory
Physics [11] by the lead instructor in the course, in con-
sultation with the recitation instructors. A total of five
tutorials were selected on topics relevant to the material
taught in the class, and were translated into French. The
English titles of these tutorials were as follows: Rotational
motion, Newton’s second and third laws, Motion in two
dimensions, Conservation of momentum in one dimension,
and Conservation of angular momentum. Thus, about
6 hours of the total 34 hours of recitation were spent on
tutorials.

The remaining time in the recitations was spent working
on the same traditional problems that all of the students
were assigned in recitation. However, one additional
consequence of the introduction of tutorials into some
recitations was that, since tutorials are designed to be
completed in a group setting, the students in the classes
using tutorials began completing the more traditional prob-
lems in groups, rather than working individually, as was
most common in the past.

The second-year electricity and magnetism classes also
met once a week for 2 hours in the lecture hall and the same
for recitations (7D). Three of the four sections of the class
introduced some level of TPS into their lecture halls,
combined with traditional lecture, worked examples, and
demonstrations, including predictive demonstrations.
However, the level of use of TPS varied considerably

between the classrooms [23]. These levels were deter-
mined by analyzing feedback received from each instructor
at the end of the semester to determine what fraction of
their classroom time was spent engaging in ILS, also
known as the interactivity assessment score (IAS) [24].
For the most highly interactive class, this score was 0.71,
meaning this instructor spent about 70% of his class time
on ILS; for the two moderately interactive classes, these
scores were 0.19 and 0.28, meaning those instructors spent
about 20% and 30% of their classroom time on ILS,
respectively. One instructor did not use ILS at all, for an
IAS of 0. For comparison, a national U.S. study of inter-
activity in introductory astronomy classes for nonscientists
found that 36 instructors had IASs ranging from 0 to 0.47,
with a mean of 0.26 [24]. However, the instructors in
that study were recruited from participants in training
workshops in ILS, and are therefore typical of such par-
ticipants, not of astronomy or other science instructors
generally. A study in the U.S. of the implementation of
research-based instructional strategies (RBIS), most of
which would be categorized as ILS, found that more than
half of all physics instructors they surveyed do not use any
RBIS in their classrooms, and therefore have an IAS of
zero [25].

Pre- and postinstruction assessment using concept
inventories.—To test whether ILS were effective in helping
students learn the material in each class, students in both
classes were given a concept inventory, a research-
validated learning assessment, twice: once at the beginning
of the semester, before instruction began (preinstruction),
and once at the end, after instruction was complete (post-
instruction). By comparing students’ scores before and
after instruction, it was possible to measure the gain in
learning due to the classroom instruction.

For the mechanics class, the assessment used was the
FCI [26], a 30-question, multiple-choice instrument devel-
oped specifically for use in evaluating student understand-
ing of the basic concepts of Newtonian mechanics which
has been shown by rigorous education research to provide a
reliable measure of students’ learning of basic Newtonian
mechanics [1]. We used a French translation of the FCI
found on the Arizona State University Modeling
Instruction group’s legacy research site [27], with minor
modifications by two of the French-speaking physicists
involved in the study to improve the translation. The con-
tent of the FCI is much better matched to the first-semester
mechanics class (LP111), as is true in many U.S. physics
courses, with the notable exception of the topic of
Newton’s third law, which was not covered in depth until
the second semester at UPMC (LP112) at the time of our
study. Nonetheless, we chose to use the FCI in our study,
given its ubiquity in the U.S. and elsewhere (allowing us to
compare our results with a large number of published
results) and the lack of a better instrument. The use of
the FCI to assess student conceptual learning in these
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classes was approved by all the instructors, including those
who did not use ILS in their classes.

In the E&M classes, the concept inventory used was the
CSEM [28], translated into French by the French-speaking
physicists involved in the E&M study. The CSEM contains
32 multiple-choice questions designed to assess students’
understanding of the basic concepts of electricity and
magnetism. The choice of this concept inventory was
made by the four E&M instructors as a group, after a
review of existing research-based concept inventories
available in the literature and a discussion of which inven-
tory was the best match of topic and level with the syllabi
of the classes.

Both assessments were given online, and participation
was voluntary. To encourage participation, students in each
class were given a small amount of extra credit. Students
were informed that their participation would be anony-
mous, meaning that their results would only be analyzed
in aggregate and that whether they participated or not
would not affect their grade in the class. The data collec-
tion protocol, including informed consent obtained for
each participating student, was approved by the
Institutional Review Board at the home institution of
the U.S. coauthor (A.L.R.). In both sets of classes, all of
the instructors agreed that these concept inventories were
reasonable assessments of students’ understanding of the
material taught in the class.

Final exam questions.—In addition to these research-
validated assessments, the final exam scores were collected
for both the mechanics and the E&M classes. In the me-
chanics classes, the final exam was common to all sections
of the class. One set of questions (about one-third of the
exam) based on assessing conceptual understanding was
introduced into the exam, while the other two-thirds
consisted of more traditional problem-solving questions.
In addition to comparing test scores between sections,
analysis was done comparing performance on these more
traditional test questions to results from the previous year,
when every section of the second-semester mechanics class
used traditional instructional techniques, and when the
entire final exam consisted of traditional problem-solving
questions.

In the E&M classes, there was one common exercise
used on the final exam for all three classes, equal parts
conceptual and traditional, allowing comparison between
sections of the class. All of the common exam questions
were vetted and approved by all of the instructors in each
course, who all agreed that they were reasonable measures
of student learning, consistent with the learning goals that
all of the instructors (interactive and traditional) shared for
the classes.

Demographic data.—For both classes, demographic
data were collected online in conjunction with the concept
inventories. These demographic questions allow us to (i)
see whether there are any statistical differences in the

makeup of the groups being compared (interactive versus
traditional sections) and (ii) probe whether these demo-
graphic variables have any effect on student learning, in
conjunction with interactivity, via multiple linear regres-
sion analysis (see Sec. VI).

Student and instructor feedback.—For both classes,
student and instructor feedback was collected. In the me-
chanics class, an end-of-semester questionnaire probing
students’ attitudes towards the course was administered
online in conjunction with the FCI. This questionnaire
asked students to rate their experiences in the class with
respect to (1) their opinion of the instructional style in the
class, (2) the learning of both concepts and content of the
course, and (3) the effect (if any) of the instructional style
of the class on their interest in physics, how hard they
worked in class, and the likelihood that they would attend
class.

In only one of the second-year E&M classes (LP205)
students’ attitudes towards the class were collected, with
clickers and open response questions on paper, midway
through the course. Similar data for all the E&M classes
were collected at the end of the semester, but these data
were accidentally deleted from the server where they
resided, so we only present the midterm student attitude
results here.

Finally, instructors who implemented ILS were given a
short questionnaire asking (1) whether they believe the use
of ILS improved student learning and assiduity in their
class, (2) what motivated them to try ILS in their class,
(3) how they used ILS in their class, and (4) what they liked
and disliked about their experience using ILS.

VI. RESULTS

We now present our results on student learning gains,
student feedback, and instructor feedback in the two
classes studied: first-year, second-semester mechanics,
and second-year electricity and magnetism.

A. Student learning gains

We used multiple measures of student learning gains
in the two courses studied. These included research-
validated concept inventories (FCI and CSEM for mechan-
ics and E&M, respectively) [26,28], common final exam
questions given in all sections of each course, and com-
parisons of exam scores between subsequent years of the
mechanics course. All of these measures of student learn-
ing consistently showed that interactive learning strategies
improve student learning compared to more traditional,
lecture-only teaching methods.

We begin by presenting evaluation of the concept inven-
tory results, first using the traditional measure of student
learning gains for concept inventories: normalized gain.
We then go on to discuss the drawbacks of normalized
gain, and present what we believe is a superior method of
analysis: multiple linear regression modeling. We start
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the section on multiple linear regression modeling by
explaining why it is a superior method for assessing stu-
dent learning gains; we then describe the demographic
surveys that provide additional independent variables for
this modeling; and we end by presenting the results of
these models for our concept inventory results. We then
present multiple linear regression models for common
final exam questions in each course, and end the section
on student learning gains by presenting a statistical com-
parison of exam scores between subsequent years of the
mechanics class.

1. Research-validated concept inventories

Normalized gain.—The standard measure of student
learning gains using concept inventories is normalized
gain (g) = (post% — pre%)/(100 — pre%), where pre%
and post% are the student’s percent correct preinstruction
and postinstruction scores on an assessment instrument [1].
The numerator of this equation is the “raw gain” (some-
times referred to as simply “gain’’). The denominator of
this equation is designed to remove bias due to unequal
starting points for different student populations. Thus,
normalized gain is a measure of the fraction of material a
student does not already know that he or she has learned in
the course. However, there are problems with normalized
gain that we detail in the next section. We begin here by
presenting our results using traditional normalized
gain methods, and then consider alternative methods for
assessing student learning on these concept inventories
(see next section).

For the second-semester mechanics class, we divided the
students into two groups: those that used interactive learn-
ing in the classroom (PCME21 and 22) and those that did
not (MIME21, MIME22, PCME23+). For the interactive
sections, the level of interactivity (amount of time spent on
TPS questions in lecture hall and on tutorials in recitation)
was roughly the same across all sections.

TABLE I. Tests of statistical significance for normalized gain
scores on FCI (*p < 0.05, **p < 0.01).

(a) Entire FCI

Group N %pre  Jopost (g)"
Interactive 60 53% 60% 0.119
Noninteractive 122 49% 53% 0.049
Difference 0.071
(b) Four questions of FCI on Newton’s third law

Interactive 39 37% 60% 0.408
Noninteractive 72 41% 44% —0.050
Difference 0.458%**
Cohen’s-D effect size 0.583

*This column shows the average of the normalized gain for all
students in the group, not the normalized gain calculated from
the average %pre and %post shown in the table. These typically
differ due to the nonlinearity of normalized gain.

To assess differences in student learning between the
two groups, we began by comparing the average normal-
ized gain for the students in the interactive to those in the
noninteractive (traditional) sections of the class using a
simple t-test. As can be seen in Table I(a), although the
average normalized gain was more than twice as high in
the interactive classes, the difference in the mean normal-
ized gain was not statistically significant (p > 0.05).

However, the material assessed by the FCI is primarily
taught in the first-semester mechanics course at UPMC
(as it is in many university physics curricula in the U.S.),
so perhaps this result is not surprising. Careful review of
the contents of the FCI revealed four questions (Q4, Q15,
Q16, Q28) on the concept of Newton’s third law, which is a
central topic of the second-semester mechanics class at
UPMC. Thus, we calculated pre%, post%, gain, and (g)
for these four questions for each student and used a
similar t-test to compare the mean (g) for the interactive
versus noninteractive (traditional) classes [see Table I(b)].
Here we find that the students in the interactive sections
performed statistically significantly better than those in
the traditional, noninteractive sections (p <0.01). The
Cohen’s-D effect size for this difference is 0.583, indicat-
ing a medium-to-large effect size.

Given that we only had four questions to work with in
this analysis, we note two effects of this small number of
questions:

(1) We had to exclude a large number of students
(71/182 or 39%) who answered all four questions
correctly on the pretest, since their {(g) is undefined
(the denominator is zero). Thus, the effect we see is
likely enhanced by this exclusion, since we are
removing many students whose raw gain is zero or
negative. This is a fundamental flaw with (g) that we
address in the next section.

(2) On the other hand, the small number of questions
reduces the sensitivity of the t-test by increasing the
effect of the noise in the data, making it more
difficult to find statistically significant results.
Thus, the fact that we find such a strong statistical
difference with such a small N suggests that these
results are quite robust.

Though the entire FCI has been validated [26], a subset
of only four questions clearly is not. In addition, the
relatively low response rate to the FCI (38%) leads to
concerns about nonresponse bias. We acknowledge that
these two points limit our ability to interpret these results,
in isolation, as strong evidence for the efficacy of ILS in
promoting student learning in these mechanics classes.
However, these FCI results, when taken as part of the
entirety of our results, support the strong evidence we
present that ILS did have an overall significant positive
impact on student learning in the French physics class-
rooms we studied.

We now turn to the CSEM normalized gain results for
the E&M classes. As noted in Sec. V, the instructors in the
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E&M classes were surveyed using the interactivity assess-
ment instrument (IAI) of Prather ef al. [24] to determine
the level of interactivity in each class, the IAS. For the four
classes we found TASs of 0, 0.19, 0.28, and 0.71, leading us
to define three levels of interactivity: low or noninteractive
(IAS = 0), medium or somewhat interactive (IAS =
0.2-0.3), and high or highly interactive (IAS = 0.7).
Table I shows the average pre%, post%, and normalized
gain (g) for each of these groups: clearly, the normalized
gain increased as interactivity increased. To test for statis-
tical significance of this result, we compared the normal-
ized gain for these three groups using an analysis of
variance (ANOVA) test, and found that the results were
highly statistically significant (p < 0.01).

Multiple linear regression modeling,—Why multiple
linear regression modeling? As has been noted by other
researchers, there are serious flaws with normalized gain as
a measure of learning gain. Wallace and Bailey [29]
observe that (g) is not a ratio level variable. A student
with twice the normalized gain of another student cannot
be said to have learned twice as much since the normalized
gain is based on each student’s pre% score. Goertzen et al.
[30] noted that normalized gain does not have variance
estimates, and often systematically underestimates gains
by underrepresented groups who may start with lower pre
% scores.

In addition to these critiques, normalized gain necessi-
tates the loss of observations where students score a perfect
preinstruction score, because the formula results in the
denominator having a value of zero in that case. This
does not occur often when a large number of items are
used in the testing. However, when a small number of items
are used, a perfect prescore is common. In the evaluation of
the four Newton’s third law questions used here, a full 39%
(71 of 182) of the students were eliminated from the
analysis for this reason.

Goertzen et al. [30] account for some of these issues by
analyzing pre%, post%, and raw gain for the FCI at the
group level. This successfully accounts for different start-
ing points for individual subgroups within the population.
However, this approach is also not without its flaws. First,
it presents the gains or losses in learning at the group level,

TABLE II. ANOVA of normalized gain scores on CSEM
(*p <0.05, **p <0.01).

Group N Jopre Jopost (g)*

Highly interactive 42 30% 55% 0.286

Somewhat interactive 124 29% 47% 0.233

Noninteractive 86 28% 38% 0.101

F statistic 9.287%*

#This column shows the average of the normalized gain for all
students in the group, not the normalized gain calculated from
the average %pre and %post shown in the table. These typically
differ due to the nonlinearity of normalized gain.

which masks the learning gains and losses at the individual
level. Second, this approach, by dividing the sample into
subgroups, limits the number of observations included for
each subgroup, and thus reduces the statistical power
(sample size N) of the analysis. Third, this method of
analysis only accounts for one independent variable at a
time. To allow analysis of the effect of multiple variables,
one could create subgroups based on many such factors,
but that would only further reduce the statistical power of
the analysis for each variable (by reducing N), and would
thus require a very large sample. Finally, the approach of
Goertzen et al. [30] works only on two-level variables, so
analysis of a continuous variable [such as grade point
average (GPA)] would have to be reduced to two groupings
(e.g., low and high), thereby throwing away information,
subjecting the analysis to the researcher’s particular choice
of categories, and reducing the analytic potential of the
results.

Multiple linear regression modeling is a statistical
method that allows many independent variables to be
fitted simultaneously to measure the relative effect of
those variables on a single dependent variable. Thus,
each independent variable’s effect is isolated from the
others, thereby controlling for those other variables.

The use of multiple linear regression modeling
addresses many of the issues with normalized gain and
the analysis of Goertzen et al. [30] identified above:

(1) Regression analysis is conducted at the individual
level, thus focusing on the effect of various factors
on individual learning.

(i1) It allows the researcher to incorporate many inde-
pendent variables into the analysis at one time with
a minimal reduction of statistical power.

(iii) It controls for these independent variables, thus
isolating the effect of interactive learning separate
from other factors that might influence an individ-
ual’s learning in the class.

(iv) It permits variables of all levels of measurement
(nominal, rank, interval, and ratio) to be incorpo-
rated into the models, rather than reducing the level
of measurement to only two groups (dichotomous)
as done by Goertzen et al. [30].

(v) The inclusion of each individual’s preinstruction
score into the model as an independent variable
allows one to control for the effect the preinstruction
score has on the postinstruction score.

(vi) Regression analysis can be performed with sample
sizes considerably smaller than the subgroup analy-
sis method demands.

(vii) In addition, the relative effect sizes of all indepen-
dent variables can be measured against each
other, thus allowing us to determine the absolute
and relative strengths of each independent
variable.

We now describe the demographic surveys we con-
ducted to allow us to use such demographic variables in
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our regression analysis, and then present the regression
analysis itself for each of the classes in our study.

Demographic surveys.—To help understand the nature
of the student population in our study, and to aid in probing
the effect of demographics (along with ILS) on student
learning gains using linear regression, we administered an
online demographic survey to each class. For the mechan-
ics class, this consisted of a series of 15 questions including
both ascribed characteristics (e.g., gender, French as a
native tongue, level of education of each parent), and
achieved characteristics [e.g., year and type of baccalaur-
éat (end-of-high-school exam), GPA in the first semester of
university, hours per week spent studying]. To look for
demographic differences between the interactive versus
noninteractive (traditional) sections, we coded each ques-
tion and ran t-tests for differences between the populations.
We found that the two groups were statistically indistin-
guishable with the exception of characteristics related to
the tracking inherent in the French system, namely, year
and type of baccalauréat. No statistically significant dif-
ferences were found for the ascribed characteristics, or in
first-semester GPA, or hours spent each week studying for
the class.

For the E&M classes, the demographic survey consisted
of 20 questions, very similar to those used in the mechanics
class. The main differences were that students were asked
for their GPA in both semesters of their first year (L1),
allowing us to construct an overall first-year GPA, and
students were asked how many physics courses they had
taken in their first year. To compare whether or not the

TABLE III.

different classes had differing demographics, we regrouped
the E&M students into two groups: those with any inter-
activity in their class (medium or high interactivity) and
those with no interactivity in their class (low interactivity).
Comparing these two groups’ demographics using t-tests
for each demographic variable showed no statistically
significant differences, other than the year they completed
their baccalauréat, and the number of physics classes they
had taken in their first year of university (L1), both of
which are due to the tracking of students at UPMC.
Again, no statistically significant differences were found
for any ascribed characteristics, in first-year GPA, or in
hours spent each week studying for the class.

Multiple linear regression modeling.—For both classes,
we constructed a series of linear regression models in
which we successively added independent variables, to
isolate the effect of adding different variables to each
model. Table Il shows the results of a series of three
models using the data for the mechanics class, with FCI
Newton’s third law gain (based on the four FCI questions
described above) as the dependent variable [31]. The first
column for each model lists the coefficient of each inde-
pendent variable, with one or two asterisks indicating if
that variable statistically significantly predicts the depen-
dent variable at the p << 0.05 or p < 0.01 level. The second
column for each model shows the standardized coefficient
for each independent variable, which is the coefficient in
units of standard error. These latter measures, unlike the
coefficients, are scale independent, and therefore allow
direct comparison of the size of the relationship between

FCI Newton’s third law—Models 1-3 (*p < 0.05, **p < 0.01).

Dependent variable—FCI Newton’s third law gain

Model 1 Model 2 Model 3
Coefficients  Standardized Coefficients Standardized Coefficients Standardized
Independent variable (standard error) coefficients (standard error) coefficients (standard error) coefficients
Constant 1.262%* 1.022% 0.721
(0.313) (0.460) (0.460)
Male 0.134 0.043 —0.055 —0.017 —0.141 —0.045
(0.300) (0.299) (0.292)
Parents’ education —0.043 —0.084 —0.054 —0.106 —0.034 —0.067
(0.047) (0.046) (0.045)
FCI Newton’s third law prescore —0.452%* —0.446%* —0.502%* —0.495%* —0.480%* —0.474%%*
(0.096) (0.094) (0.092)
First-semester Mechanics final exam 0.033** 0.258%%* 0.035%* 0.274%*
(0.012) (0.012)
Hours studied per week —0.041 —0.158 —0.042 —0.160
(—0.041) (0.023)
Level of course interactivity 0.701%** 0.231%**
(0.266)
F value 7.75%* 6.82%* 7.19%*
N 102 102 102
Adjusted R squared 0.167 0.224 0.269
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independent variables (the standardized coefficient is
equivalent to Cohen’s-D effect size in a single variable
t-test). At the bottom of each model the F value is labeled
with asterisks to indicate the level of statistical significance
of the entire model, plus the sample size N and the adjusted
R squared of the model; this last value is a measure of what
fraction of the variance in the dependent variable is
accounted for by the model.

The first model includes only ascribed characteri-
stics (gender and parents’ education), plus FCI prescore
as independent variables. This model is statistically
significant, only due to the expected negative cor-
relation between prescore and gain, with an adjusted R
squared of 0.167.

The second model adds achieved -characteristics,
namely, the students’ scores on the first-semester mechan-
ics final exam and number of hours spent studying each
week; only the first of these two statistically significantly
predicts the FCI Newton’s third law gain.

This second model has an adjusted R squared of 0.224, a
34% increase over model one, indicating that, perhaps not
surprisingly, scoring well on the first-semester final exam
strongly predicts learning Newton’s third law. It might
seem surprising that we did not find any relationship
between the number of hours studied per week and
conceptual learning of Newton’s third law.

The third model introduces level of course interactivity
as an independent variable, which is found to be highly
statistically significant at the p < 0.01 level. The adjusted
R squared of this final model continues to increase to 0.269,
indicating that the single variable of interactivity contrib-
utes significantly to the predictive power of the model. It is
striking that the standardized coefficient for interactivity is
comparable in size to that of the first-semester final exam
score, suggesting that level of interactivity in the class has a
similarly large effect as how well a student performed on a
final exam designed to test their knowledge of first-
semester mechanics (see Fig. 1).

Table IV shows the results of a similar series of three
models using the data for the four E&M classes, with

0.40

0.30

0.20 —
0.10 -
0.00

Male }“‘ Pr| **  First semester Ho ied Interactivity**
1) final exam™* Pl

-0.10 -

-0.20

-0.30

-0.40

-0.50

-0.60

FIG. 1 (color online). Standardized coefficients for model 3
with FCI Newton’s third law gain as the dependent variable
(from Table IIT) (*p < 0.05, **p < 0.01).

CSEM gain as the dependent variable. Again, the first
model includes only ascribed characteristics (gender,
parents’ education), and again, only the prescore is statis-
tically significant of these three independent variables,
with an adjusted R squared of only 0.114. In this series,
the second model adds the achieved characteristics of the
students’ overall first-year (L1) GPA, an average of their
first two semesters’ GPA, and number of hours studied per
week. In the case of the CSEM, neither of these variables is
statistically significant, and the R squared is essentially
unchanged (0.120). The third model adds the interactivity
level, coded as O, 1, and 2, for low (none), medium, and
high interactivity, respectively. The level of interactivity is
highly statistically significant (p <0.01), and the R
squared jumps 73% from the addition of this single vari-
able, to 0.208, suggesting that interactive learning was
strongly related to student learning of the material in the
CSEM.

As seen in Fig. 2, the level of interactivity is the domi-
nant factor in predicting a students’ gain on the CSEM,
other than their prescore, with a standardized coefficient of
about 0.3 (between a small and medium effect).

In summary, interactivity was a dominant factor in mod-
els for both concept inventories used to assess student
learning in these two physics classes: the four questions
in the FCI on Newton’s third law in the second-semester
mechanics class, and the entire 32-question CSEM for the
second-year E&M classes. These results reaffirm similar
results seen in large-scale studies of the effect of interac-
tivity in U.S. classrooms [1,32], confirming that improve-
ments in conceptual learning of physics concepts can take
place in the French university system.

2. Common final exam questions

To further probe the effect of interactive learning on
student learning, common final exam problems were
administered in both classes. In the second-semester me-
chanics class, the sections are all part of a centrally admin-
istered class, and the entire final exam is always common,
and typically divided into three roughly equally weighted
parts. In past years this exam has been entirely made up of
traditional problem-solving questions. However, in the
semester studied here, one set of questions, about one-third
of the exam, was designed to probe conceptual understand-
ing, and the other two sets of questions were the more
traditional, problem-solving questions. In the E&M
classes, the classes are traditionally taught independently,
so final exams are usually not common. However, as part of
this study, the instructors of these classes voluntarily
agreed to include one set of common problems, equaling
about one-third of the exam: these common problems were
roughly half conceptual in nature and half traditional
problem-solving questions. We now present an analysis
of these exam results using the linear regression techniques
outlined in the previous section.
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TABLE IV. CSEM—Models 1-3 (*p < 0.05, **p < 0.01).

Dependent variable—CSEM gain

Model 1 Model 2 Model 3
Coefficients Standardized Coefficients Standardized Coefficients Standardized
Independent variable (standard error)  coefficients  (standard error)  coefficients  (standard error)  coefficients
Constant 9.802%* 5.995 5.813
(1.404) (3.692) (3.501)
Male —-0.723 —0.058 —0.407 —0.033 0.160 0.013
(0.956) (0.990) (0.948)
Parents’ education 0.243 0.123 0.226 0.114 0.175 0.089
(0.155) (0.156) (0.149)
CSEM prescore —0.645%* —0.356%* —0.668%** —0.369%* —0.717%* —0.396%*
(0.143) (0.147) (0.139)
First-year overall grade 0.194 0.060 0.146 0.045
(0.259) (0.246)
Hours studied per week 0.114 0.112 0.070 0.069
(0.081) (0.077)
Level of course interactivity 2.535%* 0.313**
(0.604)
F value 7.585% 5.166%* 7.716%*
N 154 154 154
Adjusted R squared 0.114 0.120 0.208

For the mechanics class, we constructed a series of linear
regression models with the score on the common concep-
tual final exam questions as the dependent variable, shown
in Table V. The first model used only ascribed character-
istics (gender, parents’ education) and found that gender
was weakly statistically significant (p < 0.05) and that the
overall model was statistically significant, but with an
adjusted R squared of only 0.016. In the second model
we added achieved characteristics: first-semester mechan-
ics final exam score and hours studied per week. The
statistical significance of gender disappeared, and both of
the achieved characteristics were statistically significant:
p < 0.01 for the first-semester final exam score and p <
0.05 for hours studied per week. Together, the addition of
these two variables significantly improved the predictive
power of the model, raising the adjusted R squared to
0.212. It is perhaps not surprising that these two achieved
characteristics would correlate with performance on the
conceptual final exam problems, particularly performance
on the final exam from the first-semester mechanics course.
It is worth noting that hours studied per week was signifi-
cant (though weakly) in predicting performance on a set of
conceptual final exam problems, but not in predicting
performance on the Newton’s third law problems of the
FCIL.

The third model added the interactivity level in the class,
and again the adjusted R squared of the model increased
(modestly) to 0.244, and the interactivity level was found to
be highly statistically significant (p < 0.01) at predicting
performance on the common conceptual final exam ques-
tions. The standardized coefficient for interactivity, though

not as high as that for performance on the first-semester
final exam, was similar to that of hours studied per week,
suggesting that introducing interactivity into a classroom
can have a comparable impact on student learning to the
number of hours a student studies per week (see Fig. 3).

Analysis of the effect of interactivity on student
performance on the common traditional problems of the
mechanics final exam is more complex, due to biases in
student ability introduced by tracking into the course, and
is postponed to Sec. VI A 3.

For the common final exam problems used in the four
E&M courses, we constructed another set of three linear
regression models, with the common final exam problem
scores as the dependent variable (see Table VI). Recall that
these common final exam questions consisted of half
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FIG. 2 (color online). Standardized coefficients for model 3
with CSEM gain as the dependent variable (from Table IV)
(*p <0.05, **p <0.01).
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TABLE V. Mechanics common final exam—Models 1-3 (*p < 0.05, **p < 0.01).

Dependent variable—Mechanics common conceptual final exam problems

1 2 3
Coefficients  Standardized  Coefficients Standardized Coefficients Standardized
Independent variable (standard error) coefficients (standard error) coefficients (standard error) coefficients
Constant 2.946%* 0.081 —-0.232
(0.374) (0.572) (0.572)
Male 0.849* 0.117* 0.602 0.117 0514 0.100
(0.410) (0.376) (0.370)
Parents’ education 0.052 0.063 0.008 0.010 0.027 0.033
(0.066) (0.059) (0.058)
First-semester Mechanics final exam 0.087%** 0.401%** 0.087%** 0.403%**
(0.016) (0.016)
Hours studied per week 0.068* 0.153* 0.069* 0.158%*
(0.032) (0.032)
Level of course interactivity 0.966** 0.193%%*
(0.353)
F value 2.272%* 11.535%* 11.114%*
N 158 158 158
Adjusted R squared 0.016 0.212 0.244

conceptual questions and half traditional problem-solving
questions. The first model, with ascribed characteristics of
gender and parents’ education, found the latter to be highly
statistically significant (p << 0.01), the only model to find
such a relationship, but with an overall adjusted R squared
of only 0.070. The second model added the achieved
characteristics of first-year overall grade and hours
studied per week, and found both of these variables to be
statistically significant: first-year overall grade at a lower
level (p<<0.05) than hours studied per week
(p < 0.01). Parents’ education continued to be statistically
significant in this second model (p < 0.01). This second
model more than doubled the adjusted R squared to a still
modest 0.149.
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FIG. 3 (color online). Standardized coefficients for model 3
with Mechanics common final exam problem score as the
dependent variable (from Table V) (*p < 0.05, **p < 0.01).

In the final (third) model, the level of course interactivity
was added and was again found to be highly statistically
significant (p < 0.01), and the adjusted R squared jumped
an additional 50% to 0.228, strong evidence that interactiv-
ity had a large impact on student learning. All of the
previously statistically significant variables remained sig-
nificant, though hours studied per week had a lower signifi-
cance in model 3 (p < 0.05) than in model 2.

In addition, a comparison of the standardized coeffi-
cients of the variables in model 3 shows that interactivity
was the single most important variable in predicting
student success on the common final exam questions,
both conceptual and traditional (see Fig. 4). The effect of
interactivity was larger than parents’ education, first-year
GPA, and hours studied per week, all measures that would
traditionally be considered strong predictors of students’
success, but none of which is under the instructor’s control.
Thus, we consider these results to be the strongest we
found of a beneficial effect of interactivity in promoting
student learning.

3. Comparison of exam scores between years

We demonstrated in the previous section that in the first-
year, second-semester mechanics class, class interactivity
level was a statistically significant predictor of student
performance on a set of conceptual common final exam
questions. Though this result does provide corroboration of
the result showing a similar statistically significant rela-
tionship of class interactivity with Newton’s third law
questions on the FCI, both of these measures of student
learning are conceptual in nature, and one might

010103-12



INTRODUCTION OF INTERACTIVE LEARNING ...

PHYS. REV. ST PHYS. EDUC. RES. 10, 010103 (2014)

TABLE VI. E&M common final exam—Models 1-3 (¥*p < 0.05, **p < 0.01).
Dependent variable—E&M common final exam problems
1 2 3
Coefficients Standardized Coefficients Standardized Coefficients Standardized
Independent variable (standard error)  coefficients  (standard error)  coefficients  (standard error)  coefficients
Constant 29.350%* —30.428 —29.354
(3.794) (20.780) (19.513)
Male —1.112 -0.017 1.266 0.019 3.890 0.059
(5.567) (5.531) (5.517)
Parents’ education 3.051%* 0.288** 2.777** 0.262%* 2.347%* 0.221**
(0.901) (0.875) (0.842)
First-year overall grade 3.265% 0.194%* 2.880%* 0.171%*
(1.394) (1.332)
Hours studied per week 1.169%:* 0.221%* 0.887* 0.167*
(0.445) (0.430)
Level of course interactivity 11.820%* 0.301%%*
(3.178)
F value 5.862%* 6.703%* 8.675%*
N 131 131 131
Adjusted R squared 0.070 0.149 0.228

reasonably ask if interactivity influences performance on
more traditional exam problems as well. We note that we
did see a very strong correlation of student learning with
interactivity in the E&M class on common final exam
questions including both conceptual and traditional exam
problems; nonetheless, we investigated the effect of inter-
activity on performance on traditional exam problems
independently in the mechanics class. Unfortunately, this
investigation is complicated by the student tracking found
in the French university classrooms, in particular, in the
nonrandom assignment of students to classes at UPMC: the
students in two of the three noninteractive sections come
from the MIME track, which consists of students who are
traditionally stronger than those in the interactive sections
(PCME 22/23), as evidenced by final exam scores in
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FIG. 4 (color online). Standardized coefficients for model 3
with E&M common final exam problem score as the dependent
variable (from Table VI) (*p < 0.05, **p < 0.01).

previous years. Table VII lists the Spring 2011 final
exam scores, which consisted entirely of traditional
problem-solving questions, by tracking group (parcours);
it is clear that the MIME students perform at a higher level
than the PCME 21/22 students, who in turn perform better
than the PCME 23+ students, a pattern seen over several
years.

Table VII also shows a similar breakdown of final exam
scores for Spring 2012, the term studied here, in which the
PCME 21/22 classes were taught interactively. The only
change in the course was the introduction of interactive
learning into those two sections of the class. Clearly, the
MIME sections still outperform the PCME 21/22 sections
on the total exam score, but by a smaller amount [33].

The last two columns of Table VII Spring 2012 show the
breakdown of exam scores into the conceptual questions
analyzed in the previous section and the remaining two
sections of the exam, which consisted of traditional
problem-solving questions such as were found on the
Spring 2011 exam. Note that the interactive sections
outperformed the traditionally taught MIME sections on
the conceptual questions, in spite of the traditionally better
performance of those latter sections on the overall exam
and course. This is consistent with our findings from the
previous section.

We note that, though the interactively taught PCME
21/22 sections in Spring 2012 do not perform as well as
the traditionally taught MIME sections on the traditional
problem-solving questions of the exam, the gap has closed
somewhat, and one might wonder if the interactive students
had performed better on these traditional exam problems
relative to their usual performance. To determine if this
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TABLE VIL
Spring 2012.

Mechanics final exam scores Spring 2011 and

Spring 2011

N Score® Score/MIME®
MIME 202 28.1 1.00
PCME 21/22 157 17.3 0.61
PCME 23+ 112 16.6 0.59
All 471 21.7
Spring 2012

Score/ Conceptual Traditional

N Score® MIME® questions  questions
MIME 185 17.0 1.00 3.4 13.6
PCME 21/22° 149 144 0.77 4.0 10.5
PCME 23+ 104 114 0.66 2.5 8.8
All 438 14.6 3.4 11.2

Scores shown here are out of a possible 55 points (correspond-
ing to the percent of the total grade determined by the final
exam). These absolute scores vary from year to year due to
differences in grading and cannot be simply compared between
years without some normalization.

Final exam score for each group divided by the average score
for the MIME group.

“Interactive sections.

last hypothesis was true, we performed the following
analysis:

(1) For each term (Spring 2011 and 2012), we calcu-
lated the mean and standard deviation of the MIME
sections’ exam scores on the traditional problem-
solving questions on each exam (the entire exam in
Spring 2011, two-thirds of the exam in Spring
2012).

(2) We used this mean and standard deviation (SD) for
each term to construct normalized Z scores for each
PCME 21/22 student in both terms, applying the
normalization within the appropriate term using the
formula:

Z score = [(raw exam score)

— (mean MIME score)]/(SD of MIME).

(3) The distribution of Z scores for Spring 2011 and
2012 were then compared via a t-test of significance
of the difference in means in the usual way.

This analysis makes the assumption that the relative
level of the students in the various tracks (MIME and
PCME 21/22) remains the same from year to year, and
that the only change in the PCME 21/22 classes is the
introduction of interactivity in Spring 2012.

Table VIII shows the mean and standard deviation of the
Z scores of the PCME 21/22 sections, and the difference.
The t-test showed a highly statistically significant
difference (p <0.01) between these means, suggesting
that adding interactivity in Spring 2012 did improve the

TABLE VIII. Z-score comparison of PCME 21/22 Mechanics
final exam scores (traditional problem-solving questions only)
(*p <0.05, **p < 0.01).

Year N Mean Standard deviation
2011 137 —0.70 1.12

2012 148 —-0.41 0.88

Difference 0.29%*

performance of students on traditional problem-solving
questions on the final exam, relative to the performance
of their peers in the previous year. Because the mean is
already presented in units of standard deviation, the mean
difference, 0.29, is equal to the Cohen’s-D effect size,
suggesting a small to medium effect.

To summarize the results of the student learning gain
results for this study, we find that on all measures of student
learning gain, research-validated concept inventories and
common final exam questions, both conceptual and tradi-
tional problem solving, the introduction of interactive
learning into the French university physics classroom had
a statistically significant positive impact on student learn-
ing. The effect sizes vary, but are often quite large, and are
often larger than other student characteristics that we
would expect to have a large impact on student learning,
such as GPA or hours studied per week.

B. Student attitude results

To study French students’ attitudes towards interactive
learning, students in both classes were given attitude sur-
veys. In the mechanics class, students were given an online
voluntary attitude survey at the end of the semester, in
conjunction with the FCI post-test. The results of this
survey show a clear difference in assessment of the
course by students enrolled in sections using interactive
and traditional instruction.

Table IX shows the six questions asked of students in
both types of classrooms (interactive and traditional)
concerning (1) their opinion of the instruction in their
classroom, (2) and (3) the impact of that instruction on
their learning of the content of the course and of the
concepts, (4) and (5) the impact of the instructional style
on their interest and assiduousness in class, and (6) the
impact on their attendance. The answers to these ques-
tions were converted to a 5-point Likert scale, where 5
represented a large positive impact and 1 represented a
large negative impact; 3 was neutral. The mean of the
responses to each question was calculated, and percent-
ages were calculated for positive responses (responses 4
and 5, labeled +), neutral responses (response 3, labeled 0),
and negative responses (responses 1 and 2, labeled —).
As can be seen in the table, students in the interactive
sections of second-semester mechanics rated the course
higher on all six elements of the questionnaire, with
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TABLE IX. Student year-end attitudes in second-semester Mechanics.

Traditional Interactive Statistics
Average Average % Cohen’s-D
Question N score N score increase  p value  effect size
1. Your general +  41.7% +  527%
opinion of the 132 3.06 0 273% 74 342 0 324% 11.8% 0.0144 0.36
teaching in LP112 is - 31.1% - 149%
2. To what extent + 397% +  63.0%
would you say that 131 293 0 237% 73 3.69 0 151% 25.9% 0.0003 0.53
the way in which - 36.6% - 21.9%
teaching took place
in LP112 promoted
or otherwise
impeded your learning
of course content?
3. To what extent + 435% +  622%
would you say that 131 3.02 0 214% 74 3.59 0 23.0% 18.9% 0.0004 0.52
the way in which - 351% - 14.9%
teaching took place
in LP112 promoted
or otherwise impeded
your understanding
of the concepts?
4. To what extent + 333% + 432%
would you say that 132 2.96 0 371% 74 3.32 0 351% 12.2% 0.0137 0.36
the way in which - 295% - 21.6%
teaching took place
in LP112 has
increased or
decreased your
interest in physics?
5. To what extent + 235% +  351%
would you say 132 2.69 0 394% 74 3.04 0 44.6% 13.0% 0.0142 0.36
that the way in - 371% - 203%
which teaching
took place
in LP112
encouraged you
to work hard in
your course?
6. To what extent + 244% 73 3.27 +  41.1%
would you say 131 275 0 351% 0 425% 18.9% 0.0022 0.45
that the way in - 405% - 164%

which teaching
took place in LP112
encouraged you
to attend class?

increases in mean scores ranging from 12% to 26%.
A t-test of the difference in means for these six questions
found that all of these differences were statistically
significant (the p values are listed for each question in
the table). The last column shows the Cohen’s-D effect
size for each question: these vary from 0.26 to 0.53, in the
small-to-medium range of effect size.

We highlight two other conclusions from Table IX. First,
it is particularly striking that the two greatest differences,
26% and 19%, came on questions about students’ percep-
tions of the improvement in their learning, either factual
knowledge or concepts; i.e., students believe that they learn
better with ILS. Second, the number of students having a
negative opinion of the course (those who chose 1 or 2 for
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TABLE X. Midterm student attitudes in one second-year
E&M class (LP205).

Interactive
Question N Average score

1. What is your + 91%
general opinion 35 421 0 6%
of interactive learning? - 3%

2. To what extent + 92%
would you say that 27 4.05 0 0%
interactive learning - &%
promoted or otherwise
impeded your understanding
of the concepts?®

3. To what extent + 61%
would you say that 36 4.06 0 31%
interactive learning - 8%
has increased or
decreased your
interest in physics?

4. To what extent + 82%
would you say 34 4.35 0 15%
that the way in which - 3%

teaching took place
encouraged you to work
hard in your course?

“Because this was a midterm feedback, this question included
an answer “I don’t know yet, I am waiting for the results of
the exams,” which 9 students chose. These answers were not
included in the calculation of the average score.

question 1) is half as large with ILS, decreasing from a
30% for traditional sections to 15% in the interactive
sections.

A midterm student attitude survey was also administered
for the E&M students in the LP205 class only. The results
of this survey, summarized in Table X, show a very positive
reaction of students to interactive learning. Of particular
note is the responses to question 2, “To what extent would
you say that interactive learning promoted or otherwise
impeded your understanding of the concepts?” Because
this was a midterm feedback, the responses to question 2
included an option, “I don’t know yet, I am waiting for the
results of the exams,” which was selected by 9 (25%) of
the students. Of the students who did not choose this
option, over 90% indicated that interactive learning pro-
moted their understanding of the concepts of the class.
Even including all the students in the results, 69% of the
students selected a positive response that indicates that
interactive learning promoted their understanding of the
concepts of the class.

While the instructor in this class observed no significant
increase in class attendance compared to previous years,
a very high proportion (82%) of the students who did
attend class stated that interactive learning increased their
assiduousness in class.

C. Faculty attitude results

At the end of the semester, the instructors who intro-
duced interactive learning into their classroom participated
in an end-of-semester meeting to debrief their experiences.
In addition, they were invited to complete a survey on their
experiences; 100% (N = 15) of the instructors complied.
The first two questions asked them to give an overall score,
on a Likert scale (5 = a great deal, 1 = not at all), for
(1) the effectiveness of ILS in the improvement of student
learning and (2) student motivation to be more active and
diligent in the class. The average score for these
two questions was 3.8 (N = 15) and 3.6 (N = 14), respec-
tively, indicating that overall the instructors felt that ILS
had improved learning and student motivation in their
classes. Ten instructors (two-thirds) chose 4 or 5 for each
question.

Instructors were also asked what they particularly liked
about the use of interactive learning. Many of these responses
highlighted the well-known impact of ILS in increasing
student participation in class, and of providing feedback to
both students and instructors about student understanding. In
regard to the former, instructors commented that, “sessions
were more interactive,” “I like the interaction with students;
I like that they are encouraged to participate,” and “I find
ILS help to establish a much better communication between
the teacher and students and also between students them-
selves.” Instructors who commented on the improved feed-
back said, “I had a real sense of what is really going on for
the students, whether they are understanding or not,” and
“For me, I understood the gap between where the students
were in their learning and what we had to do.”

In addition to these usual benefits of ILS, the answers
also raised a few points that address the traditional issues of
the French educational background. For example, one
instructor noted that ILS create a ““possibility of a different
way to present the concepts, through questions and ex-
amples instead of demonstrations.” It is therefore accom-
panied by ‘“less mathematical background” and some
instructors were “‘satisfied to reveal with the questions
the link between physical concepts and their use in every-
day life situations.” Another point raised by the instructors
is the “near miracle” of having a ‘“student explain his
reasoning in front of their fellows during lectures,” since,
typically, French university students are quite passive and
reluctant to answer questions from the instructors in a
traditional lecture. One instructor also pointed out that it
is “much more fun to hear a student give the correct
argument than doing it yourself.” Finally, we note that
one instructor (who is not French), who had expressed
extreme skepticism about whether French students (and
instructors) would accept ILS into the classroom, made the
following comment: “At the outset, for various cultural
and other reasons, I mentioned that the method would
probably not be suitable for foreign students (i.e., not
Anglo-Saxon and, in particular, French). I was wrong,

010103-16



INTRODUCTION OF INTERACTIVE LEARNING ...

PHYS. REV. ST PHYS. EDUC. RES. 10, 010103 (2014)

mea culpa. Thank you for your efforts concerning the use
of alternative forms of learning.”

All 15 instructors involved in this study volunteered to
introduce ILS into their classroom. Half of the instructors
indicated that they significantly changed their courses,
while the others simply adjusted their courses to create
time for TPS questions. The instructors were also asked
whether they were willing to continue using ILS in future
years, and all of the instructors agreed that they would,
which gives significant momentum to the physics depart-
ment to continue promoting the use of ILS at UPMC. This
last result is particularly significant given the finding that in
the U.S. a third of instructors who try RBIS, including the
ILS used in our study, discontinue use after trying them at
least once [25]. Though we have no concrete evidence to
explain our high (100%) continuation rate, studies of
change strategies in higher education show that successful
strategies incorporate support during implementation and
feedback [34]; thus, we suggest that the support and feed-
back we provided, through the initial intensive instructor
training, freely available in-semester support, and an end-
of-semester debriefing session, may have played an impor-
tant role in promoting continuation of the use of ILS
among the instructors at UPMC.

VII. CONCLUSIONS

‘We have conducted a study of interactive learning in two
large introductory physics classes in a major French uni-
versity, a first-year, second-semester mechanics class, and
a second-year E&M class. In both classes, some instructors
utilized ILS, while others continued teaching in a more
traditional style (primarily lecture), the latter constituting a
natural control group. We provided introductory training to
the instructors implementing ILS in their classes via
two training workshops, and supported those instructors
throughout the semester by conducting classroom visits, at
their request, or consulting with instructors who asked for
help or feedback. We administered a research-validated
concept inventory in each class (FCI for mechanics and
CSEM for E&M), as well as collecting final exam scores.
We also administered demographic and attitude surveys to
the students in both classes, and an attitude survey to the
instructors utilizing ILS in their class.

Our two main conclusions are as follows:

(1) Interactive learning had a positive effect on student
learning gains in two distinct large introductory phys-
ics classes, by two distinct measures: performance on
research-validated concept inventories and perform-
ance on final exams, including both conceptual and
traditional problem-solving questions. The presence
or level of interactivity in the classroom had among
the largest, if not the largest, predictive strength for
student learning among the factors we considered
in four different multivariate models, including
parents’ education, GPA, and hours studied per week.

(2) Both students and instructors had very positive
impressions of the use of ILS in their class. Both
groups indicated that they believed that ILS
improved student learning and student assiduous-
ness in class, and the students in classes implement-
ing ILS indicated a higher interest in physics
compared to those in traditional classes.

Overall the positive outcomes of this study in an educa-
tional setting very different from that found in most U.S.
colleges and universities is encouraging, supporting the
contention that ILS are designed to address how people
learn, whether in France or the U.S. While it would be an
overstatement to say that our study proves that ILS will
work in all educational settings around the world, it
certainly shows that cultural influences or differences
in educational systems need not be a barrier to the effec-
tive implementation of interactive learning strategies in
university physics classrooms outside the U.S.

ACKNOWLEDGMENTS

The authors want to begin by thanking the instructors and
students at UPMC who participated in this study. Without
their participation, none of this work would have been pos-
sible. We wish to particularly thank the instructors, who
devoted a significant amount of time and effort challenging
themselves to try a novel and time-consuming pedagogical
innovation, in pursuit of improving their students’ learning.
We also wish to thank the chair of the Physics Department,
Dr. Patrick Boissé, for his support for this project;
Dr. Catherine Schwob, who installed clickers in the Amphi
used by the mechanics classes; Dr. Edouard Kierlick, who
purchased the clickers used in the E&M classes, and who
encouraged instructor use of ILS; Dr. Yves Noél, who helped
administer the online CSEM test; Dr. Nicole Poteaux, who
helped in designing the demographics questions, and
Turning Technologies, who lent clickers for the study pre-
sented here. We wish to thank Lillian McDermott, Peter
Shaffer, Paula Heron, and the members of the University of
Washington Physics Education Group for their support and
permission to use their Tutorials in Introductory Physics, and
Dr. Rachel Scherr, for her help providing videos from the
Video Resource for Professional Development of University
Physics Educators for use in the instructor-training work-
shops. We also thank Dr. Scherr, Dr. Heron, Dr. Steven
Pollock, as well as the referees, for comments that greatly
improved the paper, and Dr. Maria Rudolph for carefully
proofreading this paper multiple times. Finally, A.L.R.
wishes to thank Dr. Anne-Laure Melchior for facilitating
his visit to France, and the faculty, staff, and administration
of the Université Pierre et Marie Curie for their hospitality
during his stay in Paris. He particularly wants to thank the
chair of the Physics Department, Dr. Patrick Boissé, for
support for his visit to UPMC. This material is based in
part upon work supported by the National Science
Foundation under Grant No. AST-0847170.

010103-17



RUDOLPH et al.

PHYS. REV. ST PHYS. EDUC. RES. 10, 010103 (2014)

(1]

(2]
(3]
(4]

[5]

(6]

[14]
[15]

[16]

R.R. Hake, Interactive-engagement versus traditional
methods: A six-thousand-student survey of mechanics
test data for introductory physics courses, Am. J. Phys.
66, 64 (1998).

L. C. McDermott and E. F. Redish, Resource letter: PER-1:
Physics education research, Am. J. Phys. 67, 755 (1999).
C. H. Crouch and E. Mazur, Peer Instruction: Ten years of
experience and results, Am. J. Phys. 69, 970 (2001).
E.E. Prather, A. Rudolph, and G. Brissenden, Teaching
and learning astronomy in the 21st century, Phys. Today
62, No. 10, 41 (2009).

D. Meltzer and R. Thornton, Resource letter ALIPI:
Active-learning instruction in physics , Am. J. Phys. 80
(478) (2012).

S.J. Pollock and N. Finkelstein, Impacts of curricular
change: Implications from 8 years of data in introductory
physics, AIP Conf. Proc. 1513, 310 (2013).

E. Mazur, Peer Instruction: A User’s Manual (Prentice-
Hall, Upper Saddle River, NJ, 1997).

D. Bruff, Teaching with Classroom Response Systems
(Jossey-Bass, San Francisco, 2009).

L.C. McDermott, Oersted Medal Lecture 2001: Physics
education research—The key to student learning, Am. J.
Phys. 69, 1127 (2001).

N. D. Finkelstein and S. J. Pollock, Replicating and under-
standing successful innovations: Implementing tutorials in
introductory physics, Phys. Rev. ST Phys. Educ. Res. 1,
010101 (2005).

L. C. McDermott and P. S. Shaffer, Tutorials in Introductory
Physics (Pearson Custom Publishing, New York, 2002).
C. Henderson and M. Dancy, Impact of physics education
research on the teaching of introductory quantitative
physics in the United States, Phys. Rev. ST Phys. Educ.
Res. 5, 020107 (2009).

Reperes et références statistiques, www.education
.gouv.fr/statistiques/rers, Table 1, Sec. 6.4, and Table 3,
Sec. 6.10, ISBN 978-2-11-099368-7.
http://www.shanghairanking.com/ARWU2012.html.
Reperes et références statistiques (Ref. [13]), Table 1,
Sec. 8.8.

The choice of second-semester classes was based on when
the first author was available to visit UPMC on sabbatical
and the readiness of the UPMC faculty to implement ILS.
http://astronomy 101.jpl.nasa.gov/teachingstrategies/
teachingdetails/?StrategyID=23.

R.E. Scherr and A. Elba, Enabling informed adaptation of
reformed instructional materials, AIP Conf. Proc. 883, 46
(2007).

http://www.ptec.org/lavideo/.

R.E. Scherr and R.M. Goertzen, Effective Practices in
Preservice Physics Teacher Education: Recruitment,

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

[34]

010103-18

Retention, and Preparation, edited by E. Brewe and C.
Sandifer (to be published).

For details on the model and implementation for this
type of questioning see, e.g., E. Mazur, Peer Instruction:
A User’s Manual (Ref. [7]); D. Duncan, Clickers in the
Classroom: How to Enhance Science Teaching Using
Classroom Response Systems (Pearson Education, San
Francisco,  2005);  http://astronomy101.jpl.nasa.gov/
teachingstrategies/teachingdetails/?StrategyID=23.

D.R. Sokoloff and R. K. Thornton, Using interactive lec-
ture demonstrations to create an active learning environ-
ment, Phys. Teach. 35, 340 (1997).

In the E&M classes, only one small recitation section in
one class used tutorials, so we were unable to isolate their
effect for this set of classes.

E.E. Prather, A.L. Rudolph, G. Brissenden, and W. M.
Schlingman, A national study assessing the teaching and
learning of introductory astronomy. Part I. The effect of
interactive instruction, Am. J. Phys. 77, 320 (2009).

C. Henderson, M. Dancy, and M. Niewiadomska-Bugaj,
Use of research-based instructional strategies in introduc-
tory physics: Where do faculty leave the innovation-
decision process?, Phys. Rev. ST Phys. Educ. Res. 8,
020104 (2012).

D. Hestenes, M. Wells, and G. Swackhamer, Force
Concept Inventory, Phys. Teach. 30, 141 (1992).
http://modeling.asu.edu/R&E/Research.html.

D. P. Maloney, T.L. O’Kuma, C.J. Hieggelke, and A. Van
Heuvelen, Surveying students’ conceptual knowledge of
electricity and magnetism, Am. J. Phys. 69, S12 (2001).
C.S. Wallace and J. M. Bailey, J. M., Do concept inven-
tories actually measure anything?, Astron. Educ. Rev. 9,
010116 (2010).

R. M. Goertzen, E. Brewe, L. H. Kramer, L. Wells, and D.
Jones, Moving toward change: Institutionalizing reform,
Phys. Rev. ST Phys. Educ. Res. 7, 020105 (2011).

We ran a regression analysis of the full FCI, which simply
confirmed the null result we found in our analysis of
normalized gain. Hence, we do not present it.

A.L. Rudolph, E.E. Prather, G. Brissenden, D. Consiglio
and V. Gonzaga, A national study assessing the teaching
and learning of introductory astronomy. Part II. The con-
nection between student demographics and learning,
Astron. Educ. Rev. 9, 010107 (2010).

Note that the absolute scores vary from year to year due to
differences in grading, so scores cannot be simply com-
pared between years without some normalization.

C. Henderson, A. Beach, and N. Finkelstein, Facilitating
change in undergraduate STEM instructional practices:
An analytic review of the literature, J. Res. Sci. Teach.
48, 952 (2011).


http://dx.doi.org/10.1119/1.18809
http://dx.doi.org/10.1119/1.18809
http://dx.doi.org/10.1119/1.19122
http://dx.doi.org/10.1119/1.1374249
http://dx.doi.org/10.1063/1.3248478
http://dx.doi.org/10.1063/1.3248478
http://dx.doi.org/10.1119/1.3678299
http://dx.doi.org/10.1119/1.3678299
http://dx.doi.org/10.1063/1.4789714
http://dx.doi.org/10.1119/1.1389280
http://dx.doi.org/10.1119/1.1389280
http://dx.doi.org/10.1103/PhysRevSTPER.1.010101
http://dx.doi.org/10.1103/PhysRevSTPER.1.010101
http://dx.doi.org/10.1103/PhysRevSTPER.5.020107
http://dx.doi.org/10.1103/PhysRevSTPER.5.020107
www.education.gouv.fr/statistiques/rers
www.education.gouv.fr/statistiques/rers
http://www.shanghairanking.com/ARWU2012.html
http://astronomy101.jpl.nasa.gov/teachingstrategies/teachingdetails/?StrategyID=23
http://astronomy101.jpl.nasa.gov/teachingstrategies/teachingdetails/?StrategyID=23
http://dx.doi.org/10.1063/1.2508688
http://dx.doi.org/10.1063/1.2508688
http://www.ptec.org/lavideo/
http://astronomy101.jpl.nasa.gov/teachingstrategies/teachingdetails/?StrategyID=23
http://astronomy101.jpl.nasa.gov/teachingstrategies/teachingdetails/?StrategyID=23
http://dx.doi.org/10.1119/1.2344715
http://dx.doi.org/10.1119/1.3065023
http://dx.doi.org/10.1103/PhysRevSTPER.8.020104
http://dx.doi.org/10.1103/PhysRevSTPER.8.020104
http://dx.doi.org/10.1119/1.2343497
http://modeling.asu.edu/R&E/Research.html
http://dx.doi.org/10.1119/1.1371296
http://dx.doi.org/10.3847/AER2010024
http://dx.doi.org/10.3847/AER2010024
http://dx.doi.org/10.1103/PhysRevSTPER.7.020105
http://dx.doi.org/10.3847/AER0009068
http://dx.doi.org/10.1002/tea.20439
http://dx.doi.org/10.1002/tea.20439

