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Abstract

A discrepant event is a demonstration or phenomenon that produces an unexpected outcome, for example, an object that
appears to be rolling uphill. The purpose of this research paper is to study the effect of such phenomena on the learning process,
to determine whether they can improve students’ understanding of a certain concept. In this study, the learning subject proposed
is the center of mass in Secondary Education. Using the setup provided, students are called to complete two worksheets,
designed according to the SE educational model, with each activity corresponding to one of five phases: Engage, Explore,
Explain, Elaborate, and Evaluate. They are also called to answer pre- and post-tests, which aim to evaluate their understanding
of the concept before and after the learning process. The entire teaching module follows the guidelines of Structured Inquiry,
where students experiment on the provided setup and collect data. In the end, they are asked to make appropriate conclusions

based solely on the results of their investigation.
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1 Introduction

A discrepant event is a phenomenon which produces
a counter-intuitive outcome, a result that is not
expected. A good example of such an event is an
object that appears to go uphill when let on an
inclined  plane. Discrepant  events, or
counterintuitive concepts, are useful in the learning
process for two reasons: Firstly, students often have
a certain intuition that leads to misconceptions when
learning about new scientific concepts [1, 2].
Secondly, the encounter of a counterintuitive
outcome often grabs the attention of students,
making the concept more memorable [1, 2].

This is important to teach that the outcome that a
student expects is not always correct, so intuition
cannot always be trusted when dealing with
scientific phenomena. Furthermore, when an
outcome is counterintuitive, it becomes more
memorable for the student, making the subject more
comprehensive [2]. There is general bibliographical
support for Problem and Experiment-Based learning
[3-6] that suggests this method to be more
interesting and vivid and interactive for the students.

Combining problem-based learning with
counter-intuitive concepts can have significant
effects on the learning process. One application for
this method in the classroom is to ask the students to
predict the outcome of a counter intuitive
phenomenon. After showcasing the actual outcome,

the students are asked to explain the divergence of
their previous answer from the actual outcome [7].

In this study, the discrepant event chosen is a
peculiar object that appears to be rolling uphill. This
object is a double-cone and when placed on an
inclined surface, it rolls uphill (Fig. 1). A side view
shows that the center of mass is moving downwards
when the object is rolling upwards.

Fig. 1 The double cone object that rolls uphill

2 Theoretical Background

2.1 Structured inquiry

Inquiry is an educational technique that encourages
the student to inquire and discover information on
their own, instead of learning information directly
from the teacher. Students can understand science
concepts by actively engaging in the learning
process [8, 9].

So far, there is plenty of research that supports
inquiry-based learning [10-12], thus we chose to
build a lesson plan around the structured inquiry
approach. This means that students were given
specific instructions for each step, accompanied by
the according worksheets. The students’ role is to
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inquire the solutions to the questions given, with the
proper guidance where needed [13].

Different from open inquiry, the structured
inquiry approach supports students’ exploration of
the given topic, while providing given tasks to give
more outcome control to the teacher and make the
process easier for the students [14-19]. In the open
inquiry approach, the educator presents a topic
where the students must choose a procedure to
address it. In the structured inquiry approach, the
educator provides both the learning subject and
procedure which the students will work on, with the
results of the inquiry being unknown to the students
[20].

Structured inquiry is a useful method when
approaching inquiry-based learning for the first
time, because it follows the basis of discovery while
allowing the educator to hold control over the
subjects discussed and the learning outcomes of the
process.

2.2 The 5E model

The SE model is a popular educational model
created by the Biological Sciences Curriculum
Study (1987), based on the Atkin and Karplus
learning cycle, which is supported by cognitive
psychology, and constructivist-learning theory, and
consists of the following steps: Engage, Explore,
Explain, Elaborate, and Evaluate. Each one of these
five steps represents a cognitive learning stage.

The engagement part is the first phase, during
which the teacher aims to introduce the students to
the topic of study. During this stage, the teacher gets
to evaluate the students’ prior knowledge on the
topic and motivate the students’ curiosity before the
next stages begin. The students now mentally
focused on the subject, go through the exploration
part where they can find out more information about
the setup and phenomenon presented to them. This
part is student-centered and provides a hands-on
learning experience. This step promotes inquiry-
based learning, since the students are not yet
provided with typical explanation of the
phenomenon by the teacher. [8, 14, 15]

After that, the explanation phase takes place,
where the students are required to provide concise
answers about their findings from the previous parts,
as well as discuss their findings with the teacher and
ask questions. In this stage, the teacher gets to
introduce certain technical concepts as part of the
discussion, after the students get the opportunity to
share their own findings and opinions. This also
aims to correct any misconceptions the students
might have before going to the next phase,
elaboration.

At this point, the students are asked to use their
understanding of the phenomenon in a discussion
with peers, a design of a new experiment, or an
application of the phenomenon on a new idea, as a
result of the knowledge they have acquired from the

previous process. The last phase is the evaluation,
which serves as an assessment of their knowledge.
This can be done by any traditional (written
evaluation, verbal quiz) or non-traditional
assessment form (peer-evaluation, etc.). The phases
can be used in order during a lesson, but a rewind to
a previous stage is always possible. In this research,
the parts are followed in the lesson plan in serial
order. [8, 14, 15]

The 5E model follows the necessary steps to
make the learning process both interactive and
understandable for the student. There are multiple
sources that confirm the advantages of the usage of
this model, with great results showing improvement
in the educational process in STEM subjects [20].
Studies report a better understanding of scientific
concepts, an effect on the decrease of formation of
misconceptions, and an increase in scientific
achievement [21-24].

3 Results

3.1 Overview of the lesson plan

The lesson plan is designed for the course of
Physics, with the learning subject being the center of
mass. The application should take 3 hours (study
periods), consecutive or separated. The application
space can either be in physics class, or in an after-
school physics club. The lesson plan was designed
to be applicable on students at the high school grades
(10™, 11t 12,

The center of mass appears in the Greek syllabus

in paragraph 4.2 (kinematics of solid bodies). The
definition of the center of mass according to the
textbook is the following:
“The center of mass of a solid body is the point that
moves like a point mass with mass equal to the mass
of the solid body, if all the forces that are applied to
the solid body are applied to it.” [25]

In the textbook there is also information about
the path of the center of mass during the movement
of a solid body. The lesson plan aims to teach the
students the concept of the center of mass, the ability
to locate it on different shapes, and the ability to
predict the motion of an object on an inclined
surface.

3.2 Worksheets

The students are given two worksheets, which
accompany the lesson plan in detail. The worksheets
contain precise diagrams and pictures of the setup
that accompany each question, to make the learning
experience more descriptive. All the questions are
formed in a way that supports both the structured
inquiry base, and the 5E model phases. The first
worksheet contains the Engage and Explore parts,
with the second worksheet containing the rest. Some
expository questions from the worksheets are shown
in Fig. 2, 4, 5, 6.
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Worksheet 1

A) Let the object move on the inclined ramp. What are your observations regarding the
direction of its motion?

B) Let the object move from different starting points on the ramp. Does the direction of
motion change? From your observations, conclude whether the starting point affects the
direction of motion:

Fig. 2 Example of Worksheet 1: Questions from the
"Engage" phase of the SE model

The first part of the lesson plan is based on the
“Engage” part of the 5SE model. At this stage, it will
be important to familiarize the students with the
experimental setup. They will be given the inclined
ramp and double-coned object. They will be asked
to let the object move on the ramp and place it on
different starting points and then observe the
direction of motion each time. The students should
observe that the direction of motion is the opposite
of that expected - the object moves uphill.

Continuing the application of the 5SE model, the
students will now move on to the “Explore” part.
They will be given four different objects to
experiment with. The objects are shown in Fig. 3.
They will be asked to note the direction of the
motion of each object. They are to observe that the
direction of motion will vary. This will lead them to
the conclusion that the center of mass is the
parameter that explains the wupwards (and
downwards) motion.

Fig. 3 Cylinder, Sphere, Double-cone homogeneous,
Double-cone hollow
The third phase of the lesson plan is the
“Explain” part. At this stage, students will be called
to pinpoint (approximate) the position of the center
of mass in the four objects for various timestamps of
the motion of each object. They will do this for all
the four objects. During this time, there will also be
a discussion for the center of mass of the hollow
double cone. Students are called to find that the
center of masses of the two double cones is in the
same spot, even though the one is hollow. An
example of the pinpointing the center of mass is
given below:

Fig. 4 Example of approximate placement of the center
of mass on the cylinder motion stamps

Because the images of the timestamps in the
worksheets are given in 2D view (from the side), it
is important to also hold a discussion about the
location of the center of mass with the students on
the actual experimental setup. It is advised to ask
them to also pinpoint where they think the center of
mass is on the real object. This discussion is well
fitted as part of the explanation part of the SE model.

Worksheet 2

A) On the following images, note approximately where the center of mass lies on the object
on the different timestamps of its motion:

Cylinder:

Double cone homogeneous:

Fig. 5 Example of Worksheet 2: Questions from the
"Explain" phase of the SE model

The next part is the “Elaborate” part, a
continuation of the previous part, where the students
are asked to connect the points, they have drawn and
show the path of center of mass on each object. By
finding the path, and noting the direction of motion,
they will come to an important realization: The
center of mass is always moving downwards. They
now come to explain, that the objects that move
uphill are simply an illusion, since their center of
mass is rolling downwards.

D) The following objects are given below. Can you estimate, based on their center of mass,
whether they will move up or down the inclined plane?

1) Ellipsoid:

Fig. 6 Example of Worksheet 2: Questions from the
"Evaluate" phase of the SE model

For the last phase of the 5E model, the
“Evaluate” part, students are asked to evaluate their
understanding of the center of mass by predicting
the direction of motion in two objects shown to
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them. The objects given are an ellipsoid and a cube.
By now, the students should be able to predict the
direction of motion of a given object. This shows
that they have understood the setup in depth.

3.3 Pre-Post tests

A pre-post test is designed to test the students’
performance and the efficiency of the lesson plan
introduced in teaching the concept of the center of
mass. The test covers a basic level of understanding
of the concept of the center of mass. Specifically, it
tests the students’” knowledge on the definition of the
center of mass, the ability to point the center of mass
in 2D and 3D objects, and to predict the path of an
object on an inclined ram. It is hypothesized that
before the lesson, the students will predict that all
objects will move downhill on the inclined ramp.
After the lesson, the students should have learned
that this is not always the case.

2) Forthe following shapes, note where the center of mass lies (assume that they are 2D
and homogeneous):

4) The following objects are placed on an inclined ramp. The pictures show multiple
to make the setup Draw the expected path with an arrow
showing the direction of motion in all pictures:

a)

<12 i

Fig. 7 Example of some questions from the pre-post test

4 Discussion

Students often have many misconceptions about
scientific phenomena, based on their intuition.
These misconceptions can be used to the educator’s
benefit, with the application of discrepant events in
the classroom. This is why discrepant events could
be a great tool to teach students certain concepts that
are otherwise challenging. The concept of the center
of mass is often difficult to absorb, because it is a
theoretical concept (not something the students can
directly see and sense).

The lesson plan designed opts to challenge the
students to discover the center of mass on their own
while conducting experiments with unexpected
outcomes. Both experimenting and seeing
unexpected results, helps the students get a
memorable and hands-on learning experience,
guaranteeing that the concept taught will be easily
absorbed. Finally, the material given to the students
(worksheets and pre-post test) aims to help the
educator apply the structured inquiry approach
while using the SE model.

The teaching materials presented in this
work are set to be used for an application at an after-
school club for high school students that have a high

interest in physics, which will ensure the highest
possible interest for the given subject. Although the
initial group size will be small, consisting of 15
students, the application will be later done in a
larger-scale audience in order to acquire more
accurate results for the efficacy of the method
presented.

References

1. B. Guzzetti, Learning counter-intuitive
science concepts: What have we learned
from over a decade of research? Reading &
Writing Quarterly, 16, 89-98 (2000) DOI:
10.1080/105735600277971

2. Use discrepant teaching events to address
students’ misconceptions. Oakland
University Center for Excellence in
Teaching and Learning. (n.d.)
https://oakland.edu/Assets/Oakland/cetl/fil
es-and-
documents/TeachingTips/DiscrepantEvent

3. K. Goodnough, M. Cashion, Exploring
problem-based learning in the context of
high school science: Design and
implementation issues. Sch. Sci. Math.,
106(7) 280-295 (2006).
https://doi.org/10.1111/j.1949-
8594.2006.tb17919.x

4. A. A. Ogegbo, U. Ramnarain, Teaching
and learning Physics using interactive
simulation: A guided inquiry practice.
South African Journal of Education, 42(1)
(2022).
https://doi.org/10.15700/saje.v42n1al1997

5. K. De Witte, N. Rogge, Problem-based
learning  in  secondary  education:
evaluation by an experiment. Education
Economics, 24(1), 58-82 (2014)
https://doi.org/10.1080/09645292.2014.96
6061

6. M. A. Pease, D. Kuhn, Experimental
analysis of the effective components of
problem-based learning. Sci. Educ. 95.1
57-86 (2011)
https://doi.org/10.1002/sce.20412

7. W. J. Gonzalez-Espada, J. J. Birriel, 1.
Birriel, Discrepant events: A challenge to
students’ intuition. The Physics Teacher,
48(8), 508-511 (2010)
https://doi.org/10.1119/1.3502499




EPJ Web of Conferences 365, 07002 (2026)
BPUI2 Congress

https://doi.org/10.1051/epjcont/202636507002

8.

11.

15.

L. B. Duran, E. Duran, The SE instructional
model: A learning cycle approach for
inquiry-based science teaching. Sci. Educ.
Rev., 3(2), 49-58 (2004)
https://files.eric.ed.gov/fulltext/EJ1058007
pdf

M. J. Prince, R. M. J. Felder, The many
faces of inductive teaching and learning. J.
Coll. Sci. Teach. 36 (5), 14-20 (2007)

. S. Kapon, Doing research in school:

Physics inquiry in the zone of proximal
development. J Res Sci Teach, 53, 1172-
1197 (2016)
https://doi.org/10.1002/tea.21325

N. Af’idayani, 1. Setiadi, F. Fahmi, The
effect of inquiry model on science process
skills and learning outcomes. European
Journal of Education Studies, 4(12), 177—
182

(2018) https://doi.org/10.5281/zenodo.134
4846

. G. Gunawan, A. Harjono, M. Nisyah, M.

Kusdiastuti, L. Herayanti, Improving
students’ problem-solving skills using
inquiry learning model combined with
advance organizer. International Journal of
Instruction, 13(4), 427442
(2020) https://doi.org/10.29333/1ji.2020.1
3427a

. A. C. Cooper, K. M. Southard, J. B.

Osness, M. S. Bolger, The instructor’s role
in a model-based inquiry laboratory:
Characterizing instructor supports and
intentions in 40 teaching authentic
scientific practices. CBE—Life Sciences
Education, 21(1), ar9. (2022).
https://doi.org/10.1187/cbe.21-07-0177

. K.D. Tanner, Order matters: Using the SE

model to align teaching with how people
learn. CBE—Life Sciences Education,
9(3), 159-164 (2010)
https://doi.org/10.1187/cbe.10-06-0082

W.R. Puspita, F. Fardillah, The
effectiveness of the learning cycle model
(5e and 7e) in learning to build flat side
sides viewed from student self-efficacy.
InJournal of Physics:  Conference
Series (Vol. 1764, No. 1, p. 012110)
(2021), 10P Publishing
DOI 10.1088/1742-6596/1764/1/012110

16

17.

18.

19.

20.

21.

22.

. T. Bunterm, K. Lee, JN.L. Kong, S.
Srikoon, P. Vangpoomyai, J.
Rattanavongsa, G. Rachahoon, Do
Different Levels of Inquiry Lead to
Different Learning  Outcomes? A
comparison between guided and structured
inquiry. International Journal of Science
Education, 36(12), 1937-1959 (2014) DOIL:
10.1080/09500693.2014.886347

M. Zion, R. Mendelovici, Moving from
structured to open inquiry: challenges and
limits. Science Education
international, 23(4), 383-399 (2012) ISSN-
2077-2327

R.O. Nelson-Gray, J.R. Haas, B. Romano,
J.D. Herbert, D. L. Herbert, Effects of
open-ended versus close-ended questions
on interviewees’ problem-related
statements. Perceptual and Motor Skills,
69(3-1), 903-911 (1989)
https://doi.org/10.1177/00315125890693-

136

R.B. Toma, Confirmation and structured
inquiry teaching: Does it improve students’
achievement motivations in school
science? Canadian Journal of Science,
Mathematics and Technology Education,
22(1), 28-41
(2022)https://doi.org/10.1007/s42330-022-
00197-3

Inquiry-Based Learning, Central Michigan
University https://www.cmich.edu/offices-
departments/curriculum-instructional-
support/explore-instructional-
methods/inquiry-based-
learning#:~:text=Structured%20Inquiry%
20%E2%80%93%20An%?20instructor%20
provides,results%20are%20not%20alread
y%20known

J.R. Polanin, M. Austin, J. A. Taylor, R. R.
Steingut, M. A. Rodgers, R. Williams,
Effects of the 5E instructional model: A
systematic review and meta-analysis.
AERA Open, 10, (2024)
https://doi.org/10.1177/233285842412698
66

H. Ruiz-Martin, R. W. Bybee, The
cognitive principles of learning underlying
the SE Model of Instruction. International
Journal of STEM Education, 9(1), Article
21 (2022) https://doi.org/10.1186/s40594-
022-00337-z




EPJ Web of Conferences 365, 07002 (2026)
BPUI2 Congress

https://doi.org/10.1051/epjcont/202636507002

23.

24.

25.

F. Garcia-Grau, C. Valls, N. Piqué, H.
Ruiz-Martin, The long-term effects of
introducing the SE model of instruction on
students’ conceptual learning. International
Journal of Science Education, 43(9), 1441—
1458 (2021)

S. L. Hokkanen, Improving student
achievement, interest and confidence in
science through the implementation of the
SE learning cycle in the middle grades of
an urban school. (2011)
https://scholarworks.montana.edu/items/7f
781d09-elbc-470d-a732-155ab48ed72f

Physics Grade 12 Schoolbook, Ministry of
Education and Religious Affairs. (Section
4.2 AR Digital School),
https://ebooks.edu.gr/ebooks/v/html/8547/
2728/Fysiki-G-Lykeiou-ThSp_html-apli/




