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Abstract
This study explores the use of video analysis as a tool for fostering
meaningful learning and developing experimental skills in the study of
oscillatory motion among engineering students. Conducted as a longitudinal
study at the University of Costa Rica, the research examines how video
analysis enables students to visualize and analyse motion using readily
available technology. By eliminating the need for specialized sensors, this
methodology provides an accessible alternative for experimental physics,
particularly in low-resource institutions and distance learning environments.
The results indicate that students found video analysis to be an engaging and
effective complement to their learning process. Feedback highlights that this
approach facilitates the connection between theoretical concepts and
practical applications, reinforcing its role as a valuable tool in physics
education.
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1. Introduction
Video analysis has become an increasingly
popular tool in physics education, offering a
cost-effective and accessible means of studying
motion. In particular, video-based approaches
allow students to record and analyse motion
without requiring specialized sensors, making
them well-suited for low-resource institutions
and distance learning environments. Oscillatory
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motion, a fundamental topic in mechanics, can
be effectively studied using simple materials
and readily available video analysis software,
enabling students to visualize and quantify
motion from real-world experiments conducted
in classrooms or at home.

Laws and Pfister [1] demonstrated how
digital video analysis facilitates the visualization
ofmechanical processes, bridging theoretical con-
cepts with experimental practice. Their findings
suggest that using video recordings for motion
analysis improves students’ ability to engage
with physical phenomena and obtain precise
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measurements without relying on laboratory-
grade equipment.

Similarly, Bryan [2] investigated the applic-
ation of video analysis in energy conservation
experiments, showing that these tools help stu-
dents connect abstract physics concepts to prac-
tical observations. By enabling students to track
motion frame by frame, video analysis enhances
their ability to interpret energy transformations in
dynamic systems.

Brown and Cox [3] expanded on this by
integrating video analysis into traditional physics
experiments, such as projectile motion and col-
lisions. They emphasized the flexibility of this
approach, allowing students to study fundamental
mechanics concepts at their own pace and reinfor-
cing their analytical skills.

Desbien [4] further explored video analysis
by incorporating high-speed cameras to study
rapid motion events, such as collisions and oscil-
lations. This technique provided students with a
clearer understanding of dynamic systems and
allowed for more detailed motion analysis than
would be possible with direct observation alone.

From an educational standpoint, Jaime and
Escudero [5] emphasized the significance of
experiential learning in the domain of physics
education, positing that practical methodologies
such as video analysis are crucial for the reinforce-
ment of theoretical constructs. Their research
underpins the notion that learners derive greater
advantages from actively interacting with empir-
ical data as opposed to solely depending on simu-
lations or theoretical frameworks.

The motivational advantages associated
with video analysis have also been investig-
ated. Lampara and Maquiling [6] discovered that
video-centric experiments foster active learning
methodologies and enhance students’ levels of
engagement in physics courses. Likewise, Putra
[7] demonstrated that video analysis facilitates
students in connecting abstract principles to tan-
gible real-world contexts, thereby rendering phys-
ics more comprehensible and nurturing problem-
solving abilities.

In addition, Tarjanyi andd Tarjányiová [8]
demonstrated that video analysis enhances both
conceptual understanding and practical problem-
solving abilities in mechanical systems. Their
study suggests that video-based learning can

complement traditional instruction by encour-
aging students to critically analyse motion using
real experimental data.

Wee and Lee [9] emphasized the ped-
agogical benefits of video analysis tools like
Tracker, showing that students who actively
analyse real-world data demonstrate increased
engagement with physics concepts. Their find-
ings support the integration of video analysis into
instructional methods to reinforce experimental
learning.

Building upon the existing body of aca-
demic literature, this study outlines a sequence
of carefully constructed video analysis experi-
ments designed to investigate oscillatory motion
utilizing essential materials and readily available
software tools. This empirical methodology is
congruent with investigations regarding the util-
ization of segmented visual representations to
enhance conceptual comprehension, exemplified
by the ‘snapshot’ technique introduced by Knight
and colleagues [10]. Analogous to the manner in
which sequential energy diagrams facilitate stu-
dents’ development of a progressive model of
energy conservation [11], our implementation of
video analysis empowers students to deconstruct
motion into discrete, analysable frames, thereby
promoting a systematic understanding of oscillat-
ory motion.

2. Methodology
This research is based on a longitudinal exper-
imental study designed to observe the effect of
the educational approach over time [12, 13]. The
study aimed to investigate the impact of video
analysis on the understanding and motivation of
students regarding oscillatory motion. Over the
course of three semesters, students were divided
into small groups and assigned one of four exper-
imental setups. The experiments were conduc-
ted in a controlled laboratory environment, with
students using video analysis tools to record
and analyse the motion of various physical sys-
tems. Each group performed their assigned exper-
iment during the semester, utilizing video ana-
lysis to record the motion of the physical sys-
tems with smartphones. They analysed the data
using Pasco Capstone software [14], which gener-
ated real-time graphs for detailed analysis. After
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completing their experiments, students submit-
ted reports detailing their methods, results, and
reflections on the learning process. In addition, a
survey was administered to collect feedback on
your experiences using video analysis. The sur-
vey responses were notable, as many students
reported an increased understanding of the con-
cepts of oscillatory motion. They described how
video analysis helped them visualize abstract con-
cepts, making the learning experience more inter-
active and engaging. Furthermore, the technique
was highly appreciated for maintaining student
interest and participation, two key components of
effective learning [15].

2.1. Participants and setting

The participants were undergraduate students
enrolled in engineering programs at the University
of Costa Rica. They were selected to represent
a diverse group of individuals who could bene-
fit from improved instructional methods in phys-
ics. The cohort consisted of second and third-year
students, all of whom had previously completed
their first physics course andwere currently taking
General Physics II during the study. Each group
was required to submit a comprehensive report
after the experiment. These reports included both
quantitative data from their experimental work
and qualitative reflections on how video analysis
influenced their learning. The reports provided
valuable insights into how well students grasped
the concepts and their overall engagementwith the
experiments. A final survey was administered at
the end of the semester to further assess the stu-
dents’ experiences. It focused on their perceived
understanding of oscillatory motion, engagement
during the experiment, and overall motivation.

3. Results and discussion

3.1. Experiment 1: spring-mass system

The spring-mass system experiment (see figure 1)
was designed to help students understand the prin-
ciples of harmonic motion by analysing the oscil-
latory behaviour of a mass-spring system. The
students recorded the motion using their cell-
phones and performed video analysis with the
Pasco Capstone software. The results obtained by
the student groups are summarized in the table

below, which includes the angular frequencies for
two different spring cases, the calculated spring
constants (k1), and the error percentages.

In the spring-mass system experiment
(table 1), both groups recorded similar angular
frequencies, with average values of 10.55 rad s−1

and 7.83 rad s−1 for the two cases, demonstrating
consistent and reliable experimental outcomes.
The fact that both groups achieved such close
measurements highlights the precision of their
experimental methods.

Utilizing these angular frequencies, the par-
ticipants engaged in the computation of the
spring constant (k1) pertinent to each scenario.
The experimental spring constants determined
by Group 1 were 6.42 N m−1 initially and
3.37 Nm−1 subsequently, and Group 2 discovered
6.06 N m−1 and 3.36 N m−1 for their respective
experiments. The assessed mean spring constants
among the groups were recorded as 6.12 N m−1

and 3.37 N m−1, reflecting a considerable har-
mony between the groups and further validating
the integrity of their methodological practices.

In order to evaluate the precision of these
experimental spring constants in relation to the
theoretical values, error percentages were com-
puted. For the initial scenario, Group 1 docu-
mented an error percentage of 6.0%, while Group
2 indicated a marginally elevated error of 12.14%,
culminating in an average error percentage of
8.98%. Conversely, for the subsequent scenario,
the error percentages were significantly reduced,
with Group 1 registering an error of merely 0.83%
and Group 2 noting 1.09%, resulting in an average
of 0.96%. These minimal error percentages, par-
ticularly for the second scenario, corroborate the
exceptional accuracy of the experimental findings.

Overall, the findings from the spring-mass
system experiment underscore the effectiveness of
video analysis as a tool for accurately measuring
and analysing oscillatory motion. The close align-
ment between the angular frequencies, spring con-
stants, and the low error percentages demonstrate
that students were able to capture and analyse
the motion of the spring-mass system with a high
degree of precision. These results suggest that
integrating video analysis into physics education
can greatly enhance students’ understanding of
harmonic motion and improve the accuracy of
their experimental outcomes.
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Figure 1. (a) Experimental setup of the spring-mass system, using the specified equipment to analyse harmonic
motion. (b) A sample of the students’ analysis, showing the position of the mass as a function of time, generated
through video analysis.

Table 1. Experimental results of the spring-mass system experiment for two student groups.

Group
Angular Frequency
Case 1 (rad s−1)

Experimental k1
Case 1 (N m−1)

% Error
Case 1

Angular Frequency
Case 2 (rad s−1)

Experimental k2
Case 2 (N m−1)

% Error
Case 2

Group 1 10.8 6.42 6.00 7.83 3.37 0.83
Group 2 10.5 6.06 12.14 7.82 3.36 1.09

Average 10.55 6.12 8.98 7.83 3.37 0.96

3.2. Experiment 2: pendulum

The pendulum experiment (see figure 2) aimed to
provide students with a hands-on experience to
visualize oscillatory motion and relate it to the-
oretical concepts through video analysis. The res-
ults obtained (see table 2) by the student groups
are summarized in the table below, which includes
the experimental angular frequencies, the average
angular frequency, the calculated gravitational
acceleration, and the error percentage.

The angular frequencies recorded by both
groups were consistent, with Group 1 obtaining
values of 5.42 rad s−1 and 5.20 rad s−1, and Group
2 obtaining 5.43 rad s−1 and 5.23 rad s−1. These
measurements were used to calculate the aver-
age angular frequency for each group. Group 1
had an average angular frequency of 5.31 rad s−1,
while Group 2’s average was 5.33 rad s−1. The
close similarity in these values indicates good

experimental consistency and precision among
the students.

Utilizing the mean angular frequency, the stu-
dents ascertained the gravitational acceleration.
The anticipated value of gravitational accelera-
tion is approximately 9.7758 m s−2. Group 1 dis-
covered a gravitational acceleration measured at
10.71 m s−2, contrasting with Group 2’s eval-
uation which found it at 10.80 m s−2. Both of
these measurements are marginally greater than
the anticipated value, which may be attributable to
experimental inaccuracies or approximations con-
ducted during the analytical process.

The percentage error was computed to
quantify the divergence of the experimental
gravitational acceleration from the theoretical
value. The findings indicated that Group 1’s
error percentage was 9.60%, but Group 2’s
error percentage reached 10.43%. These error
percentages fall within an acceptable range for
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Figure 2. (a) Pendulum experiment setup with the Pasco Pendulum accessory and Rotary Motion Sensor.
(b) Position vs. time plot from the video analysis, demonstrating the pendulum’s oscillatory motion.

Table 2. Experimental results of the pendulum experiment for two student groups.

Group
Angular Frequency

1 (rad s−1)
Angular Frequency

2 (rad s−1)

Average
AngularFrequency

(rad s−1)

Gravity
Acceleration

(m/s2)
Error

Percentage (%)

Group 1 5.42 5.20 5.31 10.71 9.60
Group 2 5.43 5.23 5.33 10.80 10.43

Average 5.43 5.22 5.32 10.75 10.02

a student-conducted experiment, implying that
the employed methodology and video analysis
yielded results of reasonably high accuracy.

The results of the pendulum experiment
demonstrate that the use of video analysis tools
can yield reliable and educationally valuable data.
The consistency in the angular frequencies and
the relatively low error percentages indicate that
the students were able to accurately capture and
analyse the pendulum’s motion. The slight over-
estimation of the gravitational acceleration sug-
gests areas for improvement in the experimental
setup, such as minimizing friction and ensuring
precise measurements of the pendulum’s length
and oscillation period. Overall, the experiment
successfully achieved its educational objectives,

allowing students to directly relate their observa-
tions to theoretical physics concepts and validat-
ing the effectiveness of video analysis in enhan-
cing their understanding of oscillatory motion.
These findings support the continued integration
of video analysis tools in physics education to
foster active learning and improve conceptual
comprehension.

3.3. Experiment 3: circular and oscillatory
movement

The experimental investigation into circular
motion and oscillatory motion (see figure 3)
was meticulously designed to elucidate the rela-
tionship between these distinct forms of motion
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Figure 3. (a) Top view of the experimental setup for
studying circular motion using the Electrical Cable
Cap. (b) Position vs. time plot for the circular motion.
(c) Side view of the same setup for studying oscillat-
ory motion. (d) Position vs. time plot for the oscillatory
motion.

and to substantiate the theoretical equivalence of
their respective angular frequencies. The students
meticulously documented recordings of an elec-
trical cable cap affixed to a solid disk, effectively
capturing the circular motion from a superior per-
spective and the corresponding oscillatory motion
from a lateral perspective. The findings acquired
by the student groups are systematically compiled
in the table below, which encompasses the angu-
lar frequencies pertaining to both circular and
oscillatory motion, in addition to the percentage
disparity observed between them.

During the experimental analysis (see
table 3), Group 1 documented an angular fre-
quency of 15.8 rad s−1 for circular dynam-
ics and 16.7 rad s−1 for oscillatory dynamics.
Alternatively, Group 2 accomplished an angular
frequency of 16.5 rad s−1 for the circular motion
and 16.8 rad s−1 for the oscillatory motion. The
proximity of the angular frequencies for both cir-
cular and oscillatory motions across both groups
effectively illustrates the theoretical equivalence
inherent to these two forms of motion.

The percentage difference between the angu-
lar frequencies was computed to evaluate the
precision of the measurements. Group 1 exhib-
ited a percentage difference of 5.54%, signify-
ing an exceptionally high degree of accuracy in

their experimental outcomes. In contrast, Group
2 demonstrated a marginally elevated percentage
difference of 1.80%, which nonetheless indicates
a commendable level of accuracy. These minimal
percentage differences substantiate the anticip-
ated theoretical correlation between circular and
oscillatory motions.

The results of this experiment validate the
theoretical prediction that the projection of a cir-
cular motion can be described as an oscillatory
motion with equivalent angular frequencies. The
consistency in the measured angular frequencies
and the low percentage differences highlight the
effectiveness of video analysis tools in capturing
and analysing complex motions. These findings
support the continued use of video analysis in
physics education to help students visualize and
understand the intricate relationships between dif-
ferent types of motion, thereby enhancing their
overall comprehension of physical concepts.

3.4. Experiment 4: coupled oscillations

The coupled oscillations experiment (see figure 4)
aimed to investigate the interaction between two
oscillating systems using a Pasco Spring Set, an
Aluminum Dynamics Track, and a Pasco PAScar.
Students recorded the motion of the PAScar and
analysed the data using video analysis techniques
to understand the effects of coupling on the
oscillatory behaviour. The results obtained (see
table 4) by the student groups are summarized in
the table below, which includes the angular fre-
quencies for two different cases and the corres-
ponding error percentages.

In the experiment concerning coupled oscilla-
tions, Group 1 documented an angular frequency
of 7.13 rad s−1 for the initial case and 6.18 rad s−1

for the subsequent case. In a comparable manner,
Group 2 registered results that were similar, log-
ging angular frequencies of 7.12 rad s−1 for the
initial case and 6.19 rad s−1 for the latter case.
The close correspondence between the measure-
ments obtained by the two groups signifies that the
experimental methodology was uniformly imple-
mented and that the data acquiredwas dependable.

The error margin for the first instance was
calculated at 3.33% for Group 1 while Group 2
showed a margin of 3.47%. Shifting focus, in rela-
tion to the second situation, the frequency of errors
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Table 3. Experimental results of the circular and oscillatory motion experiment for two student groups.

Group
Angular Frequency

Circular Motion (rad s−1)

Angular Frequency
Oscillatory

Motion (rad s−1)
Percentage

Difference (%)

Group 1 15.8 16.7 5.54
Group 2 16.5 16.8 1.80

Average 16.15 16.75 3.67

Figure 4. (a) Experimental setup for the coupled oscillations system, showing the PAScar and springs. (b) Position
vs. time analysis of the system’s oscillatory motion.

Table 4. Experimental results of the coupled oscillations experiment for two student groups.

Group
Angular Frequency
Case 1 (rad s−1)

Error Percentage
Case 1 (%)

Angular Frequency
Case 2 (rad s−1)

Error Percentage
Case 2 (%)

Group 1 7.13 3.33 6.18 0.60
Group 2 7.12 3.47 6.19 1.80

Average 7.13 3.40 6.19 1.2

saw a significant downward trend, as Group 1
logged an error of 0.60% while Group 2 logged
an error of 1.80%. These relatively low error per-
centages imply that the experimental methodo-
logies employed by the students, along with the
video analysis, were executed with a high degree
of accuracy.

The outcomes of the coupled oscillations
experiment illustrate the efficacy of video ana-
lysis tools in capturing and scrutinizing the intric-
ate interactions present in coupled oscillatory sys-
tems. The uniformity in the angular frequencies,
along with the comparatively low error percent-
ages, suggests that the students successfullymeas-
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ured the coupled oscillations and comprehended
the impact of coupling on the behaviour of the sys-
tem. These results underscore the importance of
integrating video analysis into physics education
to enhance students’ comprehension of complex
oscillatory phenomena and to augment the preci-
sion of their experimental endeavors.

4. Student feedback and analysis
To assess students’ perceptions of video ana-
lysis as a tool for studying oscillatory motion,
a semantic differential scale survey was con-
ducted (refer to figure 5). The survey examined
various aspects of students’ experiences, includ-
ing engagement, interest, ease of implementation,
adequacy of time allocation, clarity of instruc-
tions, and overall usefulness of the method in con-
ducting physics experiments.

A large proportion of students found the
video analysis experiments engaging, with
70.37% rating their experience positively. Only
11.11% responded neutrally, and none rated the
experience as negative. Furthermore, 59.26% of
students reported that they enjoyed the process,
while 25.93% considered it somewhat enjoyable.
These results suggest that video analysis provides
an interactive and accessible way to conduct oscil-
latory motion experiments without requiring spe-
cialized laboratory equipment.

In terms of interest, 51.85% of students
described the experiments as captivating, and
33.33% found them moderately interesting. A
smaller proportion (14.81%) remained neut-
ral, and none found the experiments uninter-
esting. This indicates that the method effect-
ively maintained student attention and curiosity
while providing a hands-on approach to studying
motion.

The perceived ease of conducting the exper-
iments showed more variation. While 25.93% of
participants found them straightforward, 11.11%
described them as somewhat easy, and 33.33%
were neutral. Meanwhile, 22.22% found them
somewhat challenging, and 7.41% considered
them difficult. This range of responses suggests
that some students may benefit from additional
guidance or refinements in the experiment design
to ensure accessibility for all learners.

With respect to the time span assigned for
the experimental undertakings, 48.15% of the
participants asserted that the time allocated was
adequate, while 11.11% deemed it moderately
adequate, and 11.11% conveyed a neutral sen-
timent. Conversely, 25.93% expressed the opin-
ion that the allotted time was somewhat inad-
equate, and 3.70% classified it as entirely insuffi-
cient. Although the majority of students success-
fully completed the tasks within the designated
timeframe, the data indicates that modifications in
scheduling or the provision of supplementary sup-
port materials could enhance the overall experi-
ence for all participants.

Students also provided feedback on the com-
prehensibility of the instructions, with 66.67%
evaluating them as clear and 14.81% as some-
what clear. A minor fraction (7.41%) remained
neutral, while 11.11% found the instructions to
be somewhat unclear. Although a significant num-
ber of students did not encounter challenges, the
refinement of instructional materials to enhance
clarity could further assist those who experienced
difficulties.

In conclusion, students were solicited to
assess the efficacy of video analysis in the con-
text of studying oscillatory motion. A substan-
tial 51.85% regarded the experiments as highly
beneficial for their comprehension, while 37.04%
classified them as somewhat useful. The remain-
ing 11.11% maintained a neutral perspective, and
none indicated that the experiments were ineffect-
ive. These findings imply that video analysis con-
stitutes a viable approach for conducting phys-
ics experiments in contexts where conventional
laboratory resources may be constrained.

In summary, the feedback from students
underscores video analysis as a pragmatic and
engaging instrument for the exploration of oscil-
latory motion. Its accessibility enables students
to engage in meaningful experimental activities
without necessitating costly sensors, rendering it
particularly advantageous for remote learning and
educational environments with limited resources.
Additionally, this methodology can be imple-
mented using various software tools, including
open-source and freely available options, further
enhancing its accessibility and adaptability. The
survey results support the continued integration
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Figure 5. Results from the semantic differential scale poll, showing students’ perceptions of the video analysis
experiments, including engagement, enjoyment, and educational value.

of video analysis into physics education as a
flexible alternative to traditional laboratory-based
experiments.

Our findings suggest that video analysis
provides students with an intuitive way to study
oscillatory motion, particularly by allowing them
to analyse movement frame by frame. This
approach bears similarities to the ‘snapshot’meth-
odology discussed by Knight [10] and the model-
building approach outlined by Hoellwarth and
Moelter [11], where students develop concep-
tual understanding through progressive refine-
ment of visual representations. By enabling stu-
dents to engage with real experimental data in
an incremental manner, video analysis serves
as a complementary tool for physics instruc-
tion, particularly in low-resource settings where
traditional laboratory experiments may be less
accessible.

5. Conclusion
This study presents video analysis as a prac-
tical and accessible tool for studying oscillatory
motion in physics education. The experimental
results demonstrate that students were able to con-
duct meaningful motion analysis without requir-
ing specialized sensors, highlighting the adaptab-
ility of this approach for various learning envir-
onments, including remote and resource-limited
settings. The consistency in the measured angular
frequencies and spring constants across multiple
trials suggests that video analysis provides reli-
able experimental data using simple, readily avail-
able materials.

Student feedback further supports the feasib-
ility of this method, with the majority of parti-
cipants reporting that the experiments were enga-
ging and enjoyable. The ability to record, visual-
ize, and analyse motion using common devices
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such as smartphones and open-source software
provided an intuitive and interactive approach to
studying oscillatory motion. The findings suggest
that video analysis is an effective alternative for
students who may not have access to traditional
laboratory equipment.

While the methodology proved signific-
antly useful, some areas for improvement were
identified. A subset of students found certain
aspects of the experiments challenging, indic-
ating that adjustments in instructional materials
and additional guidance may enhance accessibil-
ity. Similarly, minor modifications in the exper-
imental design could further optimize the clarity
and usability of video analysis for students with
varying levels of experience.

In conclusion, the present investigation
underscores the promise of video analysis as
an instrumental resource for the education of
physics. Its inherent flexibility enables learners
to execute experiments across varied environ-
ments, rendering it especially pertinent for remote
instruction and educational establishments with
constrained laboratory facilities. Through the
incorporation of video analysis into physics edu-
cational frameworks, instructors can provide an
alternative methodology that preserves experi-
mental integrity while enhancing accessibility for
a more extensive spectrum of learners.
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