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ABSTRACT: There is a well known phenomenon related to physics students that concerns the 
difficulty that these have to understand conceptually what is being taught, since, not infre-
quently, these show bad results and learning difficulties. Based on this, the present article aim 
a literature review on different learning methods of physics teaching, among them, two in par-
ticular, the Peer Instruction and the Modeling Instruction. While in Peer Instruction the stu-
dents meet with colleagues and discuss a certain theme among them, in most cases with con-
ceptual testes, the Modeling Instruction is based on the use of interactive whiteboards and ex-
position of content through the student itself, as well as recommends experiments and other 
sources of pedagogical support. Many authors advocate that the student, even those with low 
performance in his classes, can learn better when they work in a interactive way or when they 
work with their peers. It is starting on this premise that studies in these subjects are based.  
Keywords: Peer Instruction. Modeling Instruction. Physics Teaching. 

 
1 INTRODUCTION 

 
It is easy to observe the difficulties that a 

student has when he is studying subjects 
like mathematics, physics, chemistry or bio-
logy. Many high school students go through 
their entire education without understan-
ding conceptually well what they are stud-
ying or why they are studying it, and a lot of 
this happens because of the traditional way 
of teaching these subjects. Brewe, Kramer 
and O’ Brien. (2009) argue that what differs, 
in the case of sciences, an expert student 
from a novice is their capacity to unders-
tand conceptually what is being studied. In 
this way, different teaching methods emer-
ged with the purpose of helping and mini-
mizing these difficulties. Two of them in 
special, the Modeling Instruction and the 
Peer Instruction will be analyzed in the pre-
sent literature review. Dewey (1897), the 
greatest precursor of the progressive scho-

ol, said that the instincts and powers of the 
student provides material and are the star-
ting point of education, and when the tea-
cher manages to connect with the student’s 
own initiative, teaching becomes easier. We 
will stress the differences between both 
methods, among each other, and in relation 
to the traditional method. 

As a starting point, it is important to de-
fine what each one represents and what are 
their main objectives. The Modeling Instruc-
tion has a main objective of introducing the 
student to scientific practices, among them, 
for example, the creation and development 
of scientific models, as the name suggests, 
among others: contact with classmates, 
self-learning, etc… The usage of whiteboar-
ding and interactive whiteboards is thus 
particularly important for this model of tea-
ching and, as Blanton (2009) argues, the 
technology used for this purpose should be 
seen as pedagogical support, and not the 
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other way around. 
Peer Instruction, on the other hand, 

works on the premise that students often 
learn more from their peers than from their 
teachers. By organizing the students in 
groups or in pairs, the method promotes 
debate and mutual support among them 
with the aim of improving their performan-
ce and their conceptual understanding of 
the various themes studied. Miller et al. 
(2014) notes that studies in the field sug-
gest that Peer Instruction is a superior me-
thod of teaching, and that this should repla-
ce the traditional method. Thus, by applying 
conceptual tests before and after the dis-
cussion with their peers, the method en-
courages scientific debate among students, 
thereby making them come to a more cor-
rect conceptual definition on the subject. 

As it will be evidenced throughout the ar-
ticle, it is important to emphasize that there 
are differences between these two me-
thods; what are the specific benefits that 
each one brings to the learning and how 
they act in the classroom. Thus, the study 
aims to demonstrate, through a literature 
review, these aspects and how they were 
implemented in several physics disciplines, 
among them, in principal, in the disciplines 
of Mechanics and Electromagnetism, both 
in high school courses and in higher educa-
tion courses. 

 
2 METHODOLOGY 

 
Using several articles published in the 

mentioned areas, the study aims a literatu-
re review about those, always stressing the 
methodologies used by the authors, since 
all of them use tests or quizzes in classro-
oms, in direct contact with the students. 
Both in the study of Modeling Instruction 

and in Peer Instruction, the authors use 
questionnaires, either to analyze a stu-
dent’s response time, the way in which he 
understands physics or the teaching me-
thods that are being applied, what differen-
ces they make to their learning as well as to 
analyze student’s self-efficacy. It is worth 
emphasizing that this is a preliminary study 
when dealing with the subjects studied and 
that a more in-depth study is necessary if 
one wants to better understand the topics 
addressed. The study of teaching methods 
is broad and maintains a constancy, so it is 
always changing, since new things are dis-
covered almost daily. 

 
3 RESULTS AND DISCUSSION 
 
3.1 RECOMMENDATIONS 

 
According to Turpen and Filkelstein 

(2009), Erik Mazur is the developer of Peer 
Instruction. Croch and Mazur (2001) sug-
gest the book Peer Instruction: A User’s 
Manual, written by Erik Mazur and the 
website “galieo.harvard.edu”.  

Arizona State University’s Modeling Ins-
truction studies are prominent and can be 
accessed at “modeling.asu.edu” (JACKSON 
et al., 2008). 

 
3.2 WHAT IS 
 
3.2.1 Modeling instruction 

 
Using mainly whiteboards for the Mode-

ling Instruction, teachers are continually 
aiming to create groups and thus assigning 
to all of them the same task, with a time to 
be completed. After that time, the groups 
must form circles and show their results to 
the entire class, which promotes debate, 



Physics teaching methods: an analysis on peer instruction and modeling instruction 53 

Estação Científica (UNIFAP)                                                                             https://periodicos.unifap.br/index.php/estacao 
ISSN 2179-1902                                                                                                         Macapá, v. 7, n. 3, p. 51-60, set./dez. 2017 

since the results are generally different. The 
teacher, in this case, always stays out, just 
giving one tip or another during the presen-
tation (HINRICHS, 2013). Halloun and Hes-
tenes (1986) used the Modeling Instruction 
to refine the teaching of physics by teaching 
problem solving in introductory mechanics 
while focusing in the discussion of the re-
presentation of these problems as dia-
grams, graphs and other mathematical sup-
port. 

Jackson, Dukerich and Hestenes (2008) 
describes the Modeling Instruction as a me-
thod that emphasizes the construction of 
conceptual models that centralizes the le-
arning and understanding of science. For 
them, the method is done in two stages, the 
first is the creation of the model and the 
second is the development of this one. The 
use of interactive whiteboards, where both 
teacher can change their classes as it is pre-
sented, and student can interact with the 
teacher’s classes, is also important (BLAN-
TON, 2008). Hinrichs (2013) stressed that, 
although there were initial disagreements 
in debates, students were always able to 
reach consensus. 

Modeling Instruction makes the students 
more confident by replicating an important 
activity of scientists that is the model buil-
ding and discussion, and it promotes in stu-
dents an engagement with the practices 
and norms of physics (BREWE et al., 2010). 
Malone (2008) describes Modeling Instruc-
tion as a pedagogy that teaches students to 
organize their knowledge using basic phy-
sics models and data from laboratories by 
giving different representations to the 
them.  

 
3.2.2 Peer instruction 

 

Peer Instruction is a student-centered 
teaching method where the teacher has 
little involvement, serving as an intervener 
when the student fail to come up with an 
exact conceptual response. Students are 
advised to solve conceptual tests and when 
they receive these, they must solve them 
alone and then turn to their peers for dis-
cussion, and then retake the test (CROCH; 
MAZUR, 2001). To Croch and Mazur (2001), 
the greatest differential of Peer Instruction 
is its ability to adapt to different concepts 
and educators. 

Miller et al. (2014) addresses Peer Ins-
truction by measuring students response 
time before and after working with peers, 
noting that response times decreases whe-
never students talk to peers and that the 
wrongs answers take longer to be answe-
red, which suggests that students make 
mistakes because they do not know the 
answer, rather than finding the wrongs 
answer to be right. The authors also speaks 
of a self-efficacy test asking questions about 
the confidence that the student has in gi-
ving the right answers for physics. 

By promoting peer-to-peer discussion 
during the conceptual tests, students are 
encouraged to discuss with each other du-
ring the test, rather than applying it twice; 
they spend the initial minutes in silence, 
trying to solve the test themselves, and 
then ask for peer assistance (TURPEN; FIN-
KELSTEIN, 2009). 

Crouch et al. (2007) describes Peer Ins-
truction as an engaging method that makes 
students go through their disciplines with 
activities that requires the understanding of 
the concepts and encourages them to ex-
plain those concepts to other students, 
which makes all of the students in class be 
more involved since it incorporates a pro-
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cess of questioning more structured and 
that this process is different from the tradi-
tional method, that only engages a few stu-
dents in the activities. 

 
3.3 WHAT RESULTS CAN BE EXPECTED 
FROM THE USE OF THESE METHODS 

 
Hinrichs (2013), advocates that the Mo-

deling Instruction method is important and 
that students can learn better interactively. 
Also holds that, in the method, students can 
reach consensus on a debate without the 
help of a teacher. Brewe, Kramer and O’ 
Brien. (2009), shows the view of some stu-
dents, including James and Katie, who argue 
that the use of interactive whiteboards in 
lessons and experiments are two important 
factors that have made them see physics as 
something more. The Modeling Instruction 
aims the debate in classrooms so that the 
students can reach a conclusion, as well as 
they can have more freedom, both to dis-
cuss and to use the interactive whiteboards 
(HINRICHS, 2013). The use of the Modeling 
Instruction for discussion with colleagues 
has become important in promoting group 
work (BREWE; KRAMER; O’ BRIEN, 2009). 
Brewe, Kramer and O’ Brien. (2009), there-
fore, shows that the pedagogical support of 
Modeling Instruction not only serves to in-
troduce a concept of real world in the stu-
dent, but also serves to their socialization. 
The organization of knowledge in Modeling 
Instruction allow the students to show mo-
re expert like problem-solving skills as they 
appear to be more alike the skills of an ex-
pert physicist (MALONE, 2008). Halloun and 
Hestenes (1987), showed that, in introduc-
tory physics courses, the Modeling Instruc-
tion manages to give a higher achievement 
and better performance for groups applying 

it. 
After the conceptual tests, the number of 

wrong answers changed to right answer is 
greater then the opposite, and, after a se-
mester of Peer Instruction, when students 
came across traditional teaching again, they 
showed above-grade performance (CROCH; 
MAZUR, 2001). Croch and Mazur (2001) 
argue that in Peer Instruction it is important 
for the teacher to apply conceptual testes 
in accordance with the student’s difficulties 
and knowledge and hence the task of class 
planning becomes easier as the teacher be-
comes familiar with the difficulties of his 
class. In leveled conceptual tests, which are 
neither too easy nor too difficult, Peer Ins-
truction becomes effective, and most often 
students change to a right answer after dis-
cussing with peers, except those with low 
self-efficacy; on the other hand, in very dif-
ficult tests, self-efficacy is not relevant, and 
it is up to the teacher to make conceptual 
tests in steps, so that the student can level 
up as he solves the various problems (MIL-
LER et al., 2015). It is indispensable to dis-
cover the philosophical thought between 
scientific thought, even in conjecture, since 
this thought keeps jumping on light sup-
ports, always looking for better supports, 
seeking knowledge (NIETZSCHE, 2013). To 
Goulart (1987), it would be ideal for tea-
chers to make, through observation of the 
students, an adaption of their school mate-
rial in favor of the their intellectual path. 
With the use of Peer Instruction, students 
can obtain experience in a variety of scienti-
fic practices (TURPEN; FILKESTEIN, 2009). To 
Turpen and Filkestein (2009), applications 
of student-centered methods, such as Peer 
Instruction, are important to the growth 
and conceptual learning of the student.  

Peer Instruction creates a perfect cir-
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cumstance for the teaching of physics and 
other science subjects. Students engaged 
with this method shows more easiness in 
relating abstract ideias and theories with 
observations, as well as show better per-
formance compared to the students lear-
ning with the traditional methods. Peer Ins-
truction is very effective at the construction 
of scientific knowledge and understanding 
of science in various situations (HUSSAIN; 
ANWAR; MAJOKA, 2011). Zhan, Ding and 
Mazur (2017), shows that Peer Instruction 
can express more benefits to the students’ 
beliefs and attitudes than the traditional 
method and that female students benefits, 
in terms of attitudes, from the method mo-
re then male students. Students that works 
with the same peer during the entire course 
other than using different peers, as usual in 
Peer Instructions, seemed to improve their 
attitudinal views more than the others 
(ZHAN; DING; MAZUR, 2017). It is important 
to note that peer instruction is a collabora-
tive method whose principles can be abbre-
viated as in schema below: 

 
Figure1. Representative scheme for Peer Instruction 

 
Source: the authors. 

3.4 WHAT IS THE RELATIONSHIP THAT THE-
SE METHODS HAVE WITH OTHERS 

 
Brecker (1999), discuss three pedagogical 

methods and epistemological models, the 
directive pedagogy, the non-directive peda-
gogy and the relational pedagogy. He talks 
about directive pedagogy first, where the 
student only respond to the teacher, kee-
ping silence and order; a pedagogy where 
the teacher believes to be the holder of all 
knowledge and that everything the student 
learns will be through him, by norm and 
repetition, doctrine and discipline. He criti-
cizes this method by saying that nothing 
new happens and that the student becomes 
tired and discouraged. Then he talks about 
non-directive pedagogy, where the teacher 
believes that everything is learned through 
the student and that he has nothing to do; 
that he should stay on the side and only 
encourage the student to think for himself, 
never teaching, because he does not belie-
ves in teaching, he believes that the student 
already brings knowledge from the crib and 
that this knowledge should be nurtured. He 
criticizes this method of teaching by saying 
that the most needy students do not bring 
so much knowledge from home, and by not 
having a teacher's tutoring, he will learn 
much less than the most favored. Then he 
talks about the relational method, where 
the teacher both teaches and learns; where 
he believes that the student can teach so-
mething and that this one has prior kno-
wledge, and that these knowledge’s should 
be stimulated with models, with drawings 
or anything that incite the student to work 
with what he already knows in order to le-
arn new things. He says that this teaching 
method is the most advisable in the eyes of 
pedagogy, but also that the old pedagogical 
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methods do not end with a sociological cri-
ticism, although this is important, but with 
the epistemological criticism; the way in 
which the teacher approaches the classro-
om, and that when there are no criticism, 
the teacher is stuck to such primitive me-
thodologies and common-sense epistemo-
logies that he becomes unable to be aware 
of what he is doing wrong. 

Hestenes (1987) believes that “the ma-
thematical modeling should be the central 
theme of physics instruction”, hence pro-
blem solving in physics is a modeling pro-
cess which constitute a difficult situation 
since traditionally, when solving a problem, 
the students only memorize the formulas 
and manipulate it with substitutions, not 
caring about the conceptual meaning of it. 
The ideas of physics are much more than 
experience and so they can contribute to 
explain it (BUNGE, 2007). 

Blanton (2008), states that with the use 
of technology, the interaction teacher-
student is romanticized once they meet wi-
th this new way to approach teaching. Araú-
jo, Veit and Moreira (2004), observes that 
by aborting mostly modeling and simulati-
on, models that use of the computer are 
more concentrated in the Newtonian Me-
chanics and introductory physics courses 
and that the development of the instruction 
must walk hand-in-hand with the teaching 
research; using technologies without the 
support of a study on education might be 
an error. Technology is a pedagogical sup-
port and should not be seen in the opposite 
way, otherwise it is just “an expensive toy” 
(BLANTON, 2008).  

Brewe, Kramer and O’ Brien (2009) 
shows, through the Colorado Learning Atti-
tude About Science Survey (CLASS), a ques-
tionnaire with 42 questions, that the attitu-

de of physics students improve when faced 
with Modeling Instruction. Dewey (1897), 
believed that that social life of the student 
is the foundation of all his growth and that 
it gives a unconscious unity of all his efforts, 
relationships and realizations. The Modeling 
Instruction has shown to be very effective 
in expanding the conceptual understanding 
and problem-solving abilities of the stu-
dents in contrast with nonmodeling stu-
dents (MALONE, 2008). Halloun and Heste-
nes, (1987) advocates that the common 
sense works to the detriment of scientific 
thinking in physics courses and that the tra-
ditional method can not correct this flaw, 
showing how important student-centered 
teaching methods and model-centered ap-
proaching are to managing the students 
beliefs when faced with introductory phy-
sics courses. 

In the traditional method, the teacher 
must explain how to solve each calculation 
and each problem and say when it is right 
or wrong. This method contradicts a thesis 
of psychology that consists in giving a main 
role to the activity of the student in the 
construction of his own knowledge (GOU-
LART, 1987). The traditional method can 
only show good results in advanced physics 
courses where the students are already a-
ware of the scientific thinking and the way 
that the teachers give their classes; for in-
troductory physics courses, the Modeling 
Instruction show better results since the 
students don’t yet know how scientific thin-
king works and hence they need to analyze 
and work with their own perceptions in or-
der to the common sense give place to sci-
entific beliefs (HALLOUN; HESTENES, 1987). 
Teachers who have implemented Modeling 
Instruction are no longer traditionally vie-
wed as something to be feared and are now 
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seen as instructors or coaches, always en-
couraging students to understand physics 
by their own efforts (JACKSON; DUKERICH; 
HESTENES, 2008). Jackson, Dukerich and 
Hestenes (2008) holds that the student u-
pon entering high school sees Newtonian 
mechanics only with his concept of the wor-
ld that was previously founded, a concept 
that is usually wrong, and that traditional 
teaching can not change that conception 
into the correct one. The Modeling Instruc-
tion, in turn, can circumvent this failure, 
making the student visualize for himself, in 
practice, what is the correct concept and 
why the previous one was wrong. Kant 
(2009) says that the criticism of reason le-
ads to science and that dogma in reason, 
without criticism, causes unsubstantiated 
statements that lead to more unsubstantia-
ted statements, following up skepticism.  

In Peer Instruction, self-confident stu-
dents take less time to answer questions, 
even if they are answered wrongly, while 
students with little confidence take longer. 
Self-confidence is a key factor in building a 
student’s knowledge (MILLER et al., 2014). 
Miller et al. (2015) suggests that interventi-
ons should be made to increase students’ 
self-efficacy, either with modeling experi-
ence or social encounters to address the 
ability of students to succeed in their studi-
es, or to reduce stress by not applying tests 
beyond the ability of the class, among o-
thers. All ethics begins when you take into 
account that each person is infinitely impor-
tant (NIETZSHE, 2013). When a teacher fails 
to teach the students a given subject, they 
struggle to learn it alone with inferior alter-
natives in order to deal with their difficulti-
es and they are left to unravel important 
knowledge’s by observing the performance 
of professors and assistants and struggling  

with practice problems (HESTENES, 1987). 
Bonamino et al. (2010) says that literacy, 

whether in reading or in science, is connec-
ted to the knowledge and skills that stu-
dents need to have in order to function ef-
fectively in society, being acquired throu-
ghout life, even after school, and interac-
ting with peers, with colleagues and with 
community are considered fundamental for 
the improvement of their literacy. Each tea-
cher has his or her particlar application of 
Peer Instruction and students receive seve-
ral benefits during Peer Instruction, as well 
as demonstrate better results as compared 
to the traditional instruction (TURPEN; FIN-
KELSTEIN, 2009). 

Brewe et al. (2010), advocates that in in-
troductory physics, students were learning 
with the traditional teacher-centered me-
thod and passive students, and that this 
method isolate them as well as encourages 
competition and do not focus on conceptu-
al learning. Modeling Instruction is an inclu-
sive teaching method that can be supporti-
ve for all students, including those that are 
historically under-represented and that re-
formed instruction, a practice that encou-
rages collaboration other than competition, 
is an important way of creating an inclusive 
learning environment (BREWE et al., 2010). 
Goulart (1987) states that in the behaviorist 
model, learning must be observed from the 
responses that students give. Thus, the tea-
cher has the role of making sure, when ma-
nipulating the conditions of the student’s 
environment, that the student is learning, 
and the student has the role of learning and 
accomplishing goals, which are evaluated 
according to his behavioral changes.  

The Just-in-Time teaching is a web-based 
assignment response system where the 
students submit their answer before the 
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class so the teachers can learn, see the dif-
ficulties of the student and “tailor the class-
room sections” just-in-time. Student-
student interaction, student-faculty interac-
tion and time on task are important factors 
to the successfulness of Just-in-Time tea-
ching (PATTERSON, 2005). Sambataro 
(2000) says that Just-in-Time teaching does 
not replace classrooms instruction and that 
IT lends to just-in-time learning. Just-in-
Time teaching is a useful tool for Peer Ins-
truction by helping choose the appropriate 
concept test to class according to the stu-
dents’ difficulties (LEMOS; ROCHA; MENE-
ZES, 2016). Zhan, Ding and Mazur (2017), 
shows that students using Peer Instruction 
seem to show better attitudinal shifts when 
compared to the students using the traditi-
onal method and that while in the traditio-
nal method, students tend to have a more 
novicelike attitudes, in Peer Instructing they 
showed more expertlike attitudes. Noviceli-
ke beliefs being described as seeing physics 
knowledge as disconnect facts, which is dif-
ferent from the expertlike beliefs that is the 
belief that physics is a coherent topic that 
uses reason to solve problems and questi-
ons. 

 
4 CONCLUSION  

 
The application of different teaching me-

thods is important in the construction of 
student’s learning. Modeling Instruction has 
a number of attributes, including the oppor-
tunity for students to feel like real scientists 
and to be able to debate with groups, tea-
chers, and colleagues. By being encouraged 
to study for themselves, students learn to 
deal not only with current disciplines but 
also with the later ones. Peer Instruction 
also promotes this kind of relationship, as it 

also encourages them to study for them-
selfs before and after school, as well as sti-
mulates discussion and conversation among 
the class. As shown in the papers analyzed 
here, the two teaching methods showed a 
great influence on the improvement of stu-
dent performance and on their conceptual 
understanding of what is being studied, 
thus being important implementations in 
classrooms. 
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