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GRADE 8 STUDENTS’ LEVEL OF CONCEPTUAL
UNDERSTANDING OF ELECTRIC CIRCUITS
USING VIRTUAL MANIPULATIVE

Abstract: The challenge to Physics teachers is finding ways to address students’ alternative
conceptions and misconceptions. Traditional instruction often fails to change these ideas because
students deeply hold them. In this study, we report the effects of using virtual manipulatives on
students’ conceptual understanding of the topic, electricity. In learning the concepts on DC circuits,
energy, current-voltage-resistance relationship, and potential difference, the students used the
Physics Education Technology (PhET) interactive simulations project of the University of Colorado,
particularly the Circuit Construction Kit DC Virtual Lab simulation app. The virtual activities that
the students conducted were able to augment the class discussion. The results of the post-instruction
administration of the assessment instrument, Determining and Interpreting Resistive Electric Circuits
Test (DIRECT), revealed that the simulations helped the students analyze the physical aspects of
electric circuits. Technology integration in classroom discussion of electric circuits effectively
engaged students to learn more about Physics concepts.
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Introduction

The Philippine education system had undergone too many changes through time. It follows the same
pattern of curriculum development and reform practices as other countries (Cruz, 2003). These
transformations were also caused by the disadvantaged position of the country in international
assessment in education. According to the report cited by Orleans (2007), the Philippines was placed
in a disadvantaged position among participating nations in Second International Science Study (SISS)
and Third International Mathematics and Science Study (TIMSS). The two mentioned studies were
conducted primarily to assess the secondary education of the Philippines. This status shows that
Filipino secondary students lack international standards, particularly in Math and Science.

As part of the dynamic discipline, Science is one of the subjects that undergo a major revision in the
Enhance Basic Education 2013 (Montebon, 2014). The Department of Education (DepEd) allowed
this innovation to construct an enhanced Basic Education curriculum that will satisfy the demand of
21st-century workers of today’s generation.

The Republic Act of 1033, also known as Enhanced Basic Education Curriculum of 2013, was
introduced in the academic year 2012-2013. This new Basic Education Curriculum is tied up
with the new trend of ASEAN countries that extend basic education for two more years, called
Senior High School. From this, the grade 7 to 10 curriculum was changed, which drastically
targeted numerous disciplines, including Science. Montebon (2014) stated that the new science
program has many innovations and two of which the competencies were congested and its
arrangement in a spiral progression manner. Congestion of competencies means that a specific
competency that would take up to 3 weeks to cover will become 1 or 2 weeks because other
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competencies will be discussed in time for the quarter assessment. Meanwhile, the spiral
curriculum has been practiced in western countries, making it more appealing to the Philippine
Department of Education (DepEd) to align our system in that concept. However, the spiral
curriculum also provides benefits, according to the advocators. It allows a logical progression
from simple to complicated ideas (Johnston, 2012). He also highlighted that Bruner’s spiral
curriculum empowers students’ stock knowledge each time the student revisits the subject
matter.

Despite the benefit ascribed by the advocators to spiral curriculum, administrators cannot deny that
following this curriculum will shift the science program into a whole new set-up. Teachers need to
undergo a series of training to practice inquiry-based learning, unpacking the educators' TPACK
(Technological Pedagogical Content Knowledge), which was the most advisable pedagogy for this
new curriculum. Looking at the bigger picture, science educators lack skills and training since most of
the teachers were a product of the Basic Education Curriculum (BEC). In addition, the implementation
of this new curriculum raised many concerns from different sectors of the society (Montebon, 2014).
The research tended to focus on how we can alleviate the current situation of education in the
Philippines with these changes in the curriculum.

Science program under the K-12 curriculum envisions the learners to develop scientific literacy
that will prepare them to be well informed and participative citizens who are able to make
judgements and decisions with regards to the applications of scientific knowledge that may have
social, health, or environmental impacts (DepEd, 2018). For the 21st-century teaching strategy,
the use of technology has been abundant in school as the primary material needed by the teacher.
Many universities have supported open education in the past years, wherein students can enroll
and study the modules asynchronously to finish their chosen degree. Another breakthrough in
education was the use of simulations which was also known as the virtual manipulation teaching
technique, and it is widely accepted in education. These innovations and alternative solutions can
be done by utilizing computer technology (Gunawan et al., 2017). It allows the student to fill the
gaps of laboratory experiments as it showcases experimental function in a laboratory to be
performed on a computer. It can provide better quality software, increase pedagogy choice, and
enhance flexibility. This research aims to study the benefit of teaching techniques ascribed in
conceptual change through this innovation in education. The central issue that this paper
addressed is the use of virtual manipulation to increase students' conceptual understanding of
physics concepts. It aims to expand the use of virtual manipulation in Physics class instead of the
traditional laboratory set up in class. More specifically, this research aims to answer the
following question:

1. Prior to instruction, what concepts about electricity do students hold?

2. After instruction, is there a significant difference in the gain score of
students?

3. What were conceptual understandings reflected in the student’s post-test
scores?
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The questions presented are the framework of the treatment used during the study. The gain score
presented in the results showcased the effect of virtual manipulation treatment in the study.

Conceptual Framework

Figure 1. Conceptual framework of the study

Through the spiral progression of Burner, which was reported in the paper of Johnston (2012), the
Department of Education (DepEd) identified eight (8) pedagogies that theoretically support the K
— 12 curriculum. DepEd’s rationale behind K-12's profound change in the curriculum is due to
the demand of other countries with 12-year basic education programs. Robust education will
form throughout the 12 years in basic education since the program will align with international
practices. Based on the World Bank Philippines Skills Report 2009, the Philippines recommend
adding two more years to basic education (Visconde, 2015). These additional years in basic
education increases the chance of getting a job after high school, and Filipino student can
compete outside the country. Despite the vision mentioned in the framework of K-12,
specifically in Science program released last 2011, many educators from higher education
institutions raised their concerns regarding teacher’s training, lack of implementing guidelines,
insufficient resources of implementation, and others. Abdul & Akhilesh (2010) mentioned that
these factors were the reason why teachers’ teaching in basic education must address children’s
science concepts with careful consideration while planning the teaching strategy

Planning the lesson and instructional material to be used is one example of conceptualizing their
pre-conception to the topic. All students are experiencing science in their day-to-day lives that
enables them to strongly hold their beliefs and expectations (Abdul & Akhilesh, 2010). In line
with their pre-conception, students still accept the teacher’s “science” for the duration of the
topic being discussed inside the classroom and return to their intuitive ideas following the
instruction. As learned misconceptions and pre-conceptions may arise as barriers in learning,
replacing them with scientific ones is possible only through conceptual change (Abdul &
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Akhilesh, 2010). Therefore, an effective pedagogy or learning model will be one of the strategies
educators should practice to achieve a proper transition of conceptual change.

Inquiry-based learning or IBL is one of the known pedagogies that most teachers, textbook
writers, and school administrators are using nowadays. It is an active learning model in which
students are given a carefully scaffolded sequence of tasks and are asked to solve and make sense
of them (Ernst, Hogde, & Yoshinobu, 2018). From this, virtual manipulation as a teaching
technique takes place. Active learning for the 21st century is making use of technology as one of
the platforms in teaching. It opens the diverse culture of the students that can easily adapt to
change. Kolb, Doyatzis, & Mainemelis (1999) emphasized the idea of experiential learning
theory, which is defined as the process where knowledge is created through the transformation of
experience. In the impression made by Kolb, D. et al. (1999), they define two modes, Concrete
Experience (CE) and Abstract Experience (AE). As the students learn through simulation with
the use of virtual manipulation teaching technique, they experience CE by observing the ideas
made through simulation, and these reflections are assimilated and distilled into abstract
concepts from which the new implication can be drawn out by the students (Kolb et al., 1999). In
Abstract Experience, students tend to analyze and systematically plan the next step to learn the
lesson well, apply it in the real world while using virtual manipulation.

Science instruction was done best using demonstrations. This technique allows immediate
response and feedback from the students, especially in a complex concept in science. The
Predict-Observe-Explain (POE) model of White and Gunstone (1992) creates a condition for
students to use their initial ideas prior to the instruction and explore the concept afterward. This
model is widely accepted under the constructivist approach.

Significance of the Study

The research study provided educators with an effective teaching technique that follows the DepEd
prescribed pedagogy without eliminating students' learning capacity. It considered students' prior
knowledge of the concept and gathered the misconception that will also help the teacher create
appropriate instructions for conceptual change. This research will also help school administrators
provide training to non-physics major teachers who are teaching physics in the spiral curriculum
approach of the K-12 Program. At the same time, it will add to research that focuses on the advantage
of virtual manipulation as teaching techniques and conceptual understanding through conceptual
change. Therefore, it will boost the literature on virtual manipulation, which will help educators know
the benefit of this teaching technique.

Research Methodology

The participants for this research were grade 8 students from a private school in Bacoor, Cavite,
Philippines. Students were composed of good numbers of old students, and only 10% of the sample
are transferees. They were sectioned heterogeneously; it only showed that they were assigned to their
respective section without any reservation or factors to consider. Participants also had their elective
class in Grade 7, which is a science-based subject. Basic Electronics was their elective class that most
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likely would help the student form a good pre-conception to the topic discussed during the
implementation. Thirty (30) of the participants were male, and thirty-two (32) were female, with a
total of sixty — two 62 participants for this study.

Instrumentation

Determining and Interpreting Resistive Electric Circuits and Concept Test Version 1.2 or DIRECT of
Engelhardt and Beichner (2004) is a twenty-nine (29) multiple-choice questionnaire used to tease out
students’ misconceptions on electric circuit topics. This inventory test has a good reliability and
validity result as this was tested among 1135 students, 681 at university level and 454 at high school
level (Engelhardt & Beichner, 2004). For this research, the researcher used the instrument to evaluate
the student’s progress in learning concepts with virtual and physical manipulation treatment
intervention. The effectiveness of the teaching techniques was determined by the changes in pre and
post-test scores during the two-week implementation if the teaching technique being studied reveals
students’ conceptual change; retention test is also facilitated 3 months after the post-test to check the
level of conceptual change. Low scored items were referred to as the misconception of the student in
the pre-test. Students used scannable answers sheet provided by the researcher. The instrument was
given on the first day of the first two weeks of data gathering. The pre-testing of DIRECT helped the
researcher to know the misconceptions of students about the topics. The post-test score facilitated the
level of conceptual change in the topic provided with the treatment of teaching techniques for the

group.

Data Collection

The researcher introduced the content to the students by giving them background lectures about
electricity. On the other hand, the teacher facilitated the pre-instruction of DIRECT to the student.
Announcement of the scores was done 2 days after the examination for protocol purposes.
Unannounced pre-testing was designed to help the researcher in acquiring accurate data for students’
misconceptions. Through the data in the pre-test score and low areas in DIRECT, the researcher used
this to analyze which area to focus more on the activities and discussion. The DIRECT assessment
was coined as the “Electricity Concept Survey Test” to prevent the student from looking up the
answers to the question on the internet. Additional to the DIRECT questionnaire, the researcher
provided sets of the question for their demographic profiling. This additional information like their
sex, computer familiarity, and years of stay in the school helped the researcher conceptualize the level
of conceptual change.

Virtual Manipulation (VM) group had their one-day orientation about the use of simulation. In this
orientation, students had their background orientation and user interface familiarity with the
simulation. Instructions for the use of Google Classroom during the lesson were discussed in the said
orientation.

The researcher helped the students to assess themselves in the teaching technique to be used by having
a tutorial lesson on how to use simulation properly. The tutorial served as supplementary material for
the students throughout the lesson. During the implementation of the treatment, the students utilized
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both classroom and computer laboratory for the assistance of the teaching technique. Probing
technique was used during the discussion and simulation.

Figure 2. P-O-E Model

Figure 2 depicts how the learners’ understanding develops from an interactive discussion (Zacharia,
2005). Students have more “think time” when using this technique. It helped the researcher analyze
whether the students have misconceptions regarding the topic and address it immediately with the
pedagogy used in that learning episode.

Throughout the two-week implementation, the researcher used Physics Education Technology (PhET)
Interactive Simulation, a project at the University of Colorado Boulder. This free interactive
simulation is user-friendly and has a great number of computer simulations in different science fields.
The researcher used the Circuit Construction Kit: DC — Virtual Lab simulation to treat the virtual
group. It was accompanied by discussion in a regular classroom set-up or while using the simulation.

After the two-week implementation, the researcher administered the post-test of DIRECT to the
students. This posttest determined the effectiveness of teaching techniques if a conceptual change
occurs in the two-week implementation using Gain Score Test and the item analysis to show the data
for conceptual change.

At the end of the quarter, the researcher facilitated a retention test. This assessment measured the
amount of retained concepts and evaluated the level of conceptual change acquired. It managed the
period of transition that may have a significant impact on the students (Mathys, Veronneau, & Lecocq,
2019). The review conducted by Singer et al. (2006) on 37 studies as cited by Bahrami et al. (2012)
indicated that, compared to individual learning, cooperative learning not only improves the attitude of
students but also enhances their retention.
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Research Findings

Table 1: Prior knowledge of the students

QUESTION ~ OBJECTIVE LEARNING AREA

NUMBER NUMBER

18 2 The physical aspect of DC electric circuits
22 5 The physical aspect of DC electric circuits
27 3 The physical aspect of DC electric circuits
16 10 Potential difference

Figure 3. Summary of Pre-test Scores

Figure 3 shows the pre-test scores of the VM group. The group accumulated an average group score of
6.27. According to the presented data, questions number 14, 8, 13, and 3 got the highest score from the
assessment prior to the instruction. Students from this group accumulated the highest score in question
number 14 under objective 4 of the DIRECT assessment. The question focused on the total resistance
of the given series-parallel connection of resistors. Students tend to use their prior knowledge about
the flow of electricity in a household since the question used a familiar term like “switch is closed.”
Another question that got the highest score in the DIRECT assessment is question number 8. This
guestion focused on the comparison of current in two points in a series connection. The choices
provided in question number 8 follow only 50% of the chances of getting the correct answer since two
(2) of the given choices point to the same thought based on the diagram in the question. It provided the
students with a good context clue in getting the correct answer. Question numbers 3 and 13 got the
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same score in the assessment. Both questions used a diagram as an option that helped the student to
determine the correct answer. Using familiar words like “energy” also increases the chance of getting
the correct answer. Question number 13 used a realistic series-parallel circuit with a battery, making
the question more familiar to the student.

Based on the data shown in table 1, students showed an increase in learning that describes the
effectiveness of teaching techniques. The simulation used for the group helped the students grasp the
idea of correct circuiting.

Following the model of conceptual change espoused by (Hewson 1992). This study used the category
below in describing the types of conceptual change.

Table 2 shows the identified 4 categories in analyzing the conceptual change persist by the group
using the pretest and posttest scores. The category is based on the nature of the given answer in pretest
or posttest, identified as correct and wrong.

Table 2: Category of Conceptual Change

CATEGORY OF CONCEPTION TYPE OF CONCEPTUAL CHANGE
Wrong to wrong Negative

Wrong to correct Positive

Correct to correct No conceptual change

Correct to wrong Negative
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Figure 4. Conceptual Change Reflected by Virtual Manipulation Group

Figure 4 revealed the conceptual change manifested by the Virtual Manipulation (VM) group after the
treatment made using Physics Education Technology (PhET) simulator. The individual answers for the
pre-test and post-test of the VM group have been analyzed and grouped into 4 categories: wrong to
wrong, wrong to correct, correct to correct, and correct to wrong. This category was assigned based on
their answer from pre-test to post-test, respectively. The researcher assigned this category to identify
the conceptual change of each group.

Based on the analyzed data, the VM group has an evident number of wrong-to-wrong conception after
the instruction. According to the data, question number 2 has the highest number of students with
identified “strong misconception” (Sadler & Sonnert, 2016), also recognized as negative conceptual
change. The objective of the question is to apply the concept of power to series and parallel circuits.
Students need to use their prior knowledge about power to answer question number 2. The question
tends to be more difficult to answer since the given question requires pre-conception regarding power.
The pre-requisite topic is not part of grade 7 physics based on the curriculum guide provided by the
Department of Education (DepEd) in the Philippines. In addition, the content tested was not covered
during the two-week implementation.

On the contrary, the students showed a wrong to correct conception after the treatment, which is
evident in the figure above. Question number 8 has the highest value of wrong to positive conception.
This conceptual change was identified as a positive conceptual change. Students were able to
differentiate the correct answer from the distractor in the question. The question’s objective is to
understand and apply the idea of conservation of current to a variety of circuits. This test question used
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the series connection of the light bulb to the battery, strengthening the chance to understand the
concept of the question. Students thought that the simpler the circuit is, the better it is to understand.
This conclusion was based on the researcher’s initial classroom observation during the
implementation. The concept behind the question is simple and easier to understand; the given
distractor is also easier to differentiate from the correct answer. The two points given from the figure
in the question are strong accounts in getting the correct answer.

The table below is presented to determine the significant difference in the gain score that predicted the
conceptual change.

Table 3: Gain Score

TEACHING TECHNIQUE PRETEST (%) POSTTEST (%) GAIN SCORE

Virtual Manipulation 21.17 23.04 0.03

The average score gained of the VM group is 0.03. However, quantitatively speaking, this number
reflects less than 1 (<1) percent gain score. It only indicates that there is only a small amount of
positive gained. Another thing to consider from the given gain score is the value of the highest positive
and negative individual gain score. Even though it does not reflect the whole group, it has significance
based on its value. The highest negative gain score is 7, while the highest positive gain is 8. As Cohen
et al. (2003) stated, the gain score can often overcorrect the post-test by the pre-test, but the
interpretation depends on our theoretical model of change. In this paper, the theoretical model of
change refers to the effectiveness of the teaching technique in creating conceptual change. Virtual
manipulation of a teaching technique applied in this study showed a small value of positive gain and
negative gain. It only shows that there are only small infractions from which the group can
comprehend conceptual change using the virtual manipulation teaching technique.

Table 4: Retention Gain Score.

DELAYED RETENTION GAIN

TEACHING TECHNIQUE PRETEST(%) POSTTEST (%) SCORE
()

Virtual Manipulation 21.17 25.81 0.05

Table 4 depicts the retention gain score of the group. As shown in the table, there is an increase in the
scores in the delayed posttest. A gain score of 0.05 is recorded through the analysis. It describes that
the concepts retained from the discussion. It is also helpful that the researcher supplies necessary
remediation during the post-implementation and provides supplementary material for the topic.
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Table 5: List of Common Conception of Virtual Manipulation Group

QUESTION
NUMBER IN
DIRECT

OBJECTIVE
NUMBER

OBJECTIVE

COMMON
CONCEPTION

Understand and apply
conservation of current
(conservation of change in
a steady state) to a variety
of circuits.

The current (1)
possessed by a series
connection is equal
throughout the circuit.

Interpret  pictures and
diagrams  of  various
circuits, including series,
parallel, and combinations
of the two.

Series connection is
always connected in a
single path, while the
parallel is  always
connected separately.

1 19,27

Identify and explain a
short circuit.

A series connection has
the  same current
throughout the circuit;
therefore, all the bulbs
connected in series will
have the same
brightness.

Apply the concept of
resistance (the hindrance
to the flow of charges in a
circuit), including that
resistance is a property of
the object (geometry of
object and type of material
with which the object is
composed) and that in
series, the resistance
increases as more
elements are added. In
parallel, the resistance
decreases as more
elements are added.

The resistance of the
circuit serves to limit
the amount of current
through the circuit with
a given amount of
voltage supplied by the
battery if the circuit is
closed.
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Understand the functional The electrical foot

two-ended circuit contact and the screw

elements. thread should be
connected on the
different sides of the
battery.

Identify a complete circuit The electrical foot
and understand the contact and the screw
necessity of a complete thread  should  be
circuit for current to flow connected on  the
in the steady-state (some different sides of the
3 27 charges are in motion, but battery.

their velocities at any

location are not changing,

and there is no excess

charge accumulation

anywhere in the circuit).

In general, the virtual manipulation group holds a strong misconception in all the content of the
DIRECT assessment. One evident factor seen during the implementation is the short period to discuss
the content. Congestion of competency in electromagnetism for Science 8 curriculum leads to poor
performance of the treated group with virtual manipulation teaching strategy. The DIRECT
assessment used general knowledge questions, which consist of general topics about electromagnetism
concepts that have an accepted value of validity and reliability for high school and college physics
classes. It was also observed that the students could not handle simultaneous changes of variables in
circuitry (Engelhardt and Beichner, 2004) during the discussion.

Table 5 depicted the common conceptions held by the Virtual Manipulation group based on their
highest scores in positive gain, which refers to wrong to correct conception. Based on the highest-
ranked objectives, the group excelled on questions that tend to ask the complexity of the circuit based
on its electron flow. The Circuit Construction Kit, which the virtual treatment of the group has tackled
the electron flow in the variety of circuits that helped the respondent answer questions regarding the
application of electron flow to the different factors.
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Conclusion

Based on the findings of this study, it has been shown that the respondents of both groups exhibited
positive conceptual change throughout the implementation. Out of 11 objectives of the DIRECT
assessment, the VM group performed positive conceptual change in 9 of the objectives. The
participants showed differences in the focus where they had their positive conceptual change. The
virtual Manipulation (VM) group performed well in analyzing the circuit's physical aspect based on
the learning areas set by DIRECT.

In conclusion, Virtual Manipulation can produce positive conceptual change provided with proper
materials and guidance from the teacher. The use of Predict — Observe - Explain model is effective to
use in probing the conceptions held by the students, which can help identify their misconceptions.
With the help of technology and the proper use of traditional teaching techniques, educators can
produce conceptual change among the students.

Pedagogical Implication

This study addressed the different learning styles of the students. Teachers must be equipped with
proper training to implement these effectively. Students nowadays are technology-dependent learners.
In that case, teachers who incorporate advanced technology in their discussion can effectively engage
the students to learn more about physics. The new knowledge brought to them must be linked with
their previous knowledge so that the students will be able to accommodate the change. These changes
can override the misconception and increase the correct concept. The intensity of the intervention
would also be important because aiming for conceptual change to the students that have been used for
years will be a challenging task. The intervention must be strong enough and useful to make the
students accept the change. Through intervention, teachers would be able to test different teaching
strategies that would be most effective for the students. These teaching strategies should be based on
the existing learning of the students so that a connection may be established between the old and new
learnings. Once the connection is established, providing new concepts would be easier, and the teacher
would become more efficient.

Vertical progression of the basic electricity concept is also advised in this study. The researcher had a
hard time explaining the simple concept to the student since this is the only grade level they
encountered the topic aside from having it as an elective subject when they were in grade 7 in the same
school. This vertical progression will help the student nurture the topic from grade 7 to grade 10, with
simple to complex ideas across the junior high school science. It will help the teacher to explain the
different topics in proper phasing because of their preconception on the said topic.
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