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Structured inquiry-based learning assisted by a virtual laboratory is necessary for senior high students to help their conceptual mastery
of wave optics. Evaluation of the effectiveness of the method was performed through the analysis of quantitative and qualitative data.
Quantitative data of student understanding of light wave theory was obtained from the implementation of a pre- and a post-test to students
from a high school physics group. Meanwhile, qualitative data was collected from observation, student reasoning, and interviews before and
after the structured inquiry-based learning lesson was given. The results of inquiry-based learning assisted by a virtual laboratory were found
to improve the students’ conceptual mastery of wave optics. Furthermore, it also has been found that students still have some difficulties with
interference and diffraction after learning.
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1. Introduction
The important objective of learning physics is to master the
basic concepts of physics to solve problems in everyday life
[1,2]. Students tend to be able to solve mathematical equa-
tion problems relatively quickly, but the difficulty arises in
solving problems applying concepts [3]. The struggling is
because students only use mathematical equations when at-
tempting to solve problems without understanding the con-
cepts that underlie these mathematical equations [4]. There-
fore, students are expected to gain a deep mastery of concepts
in physics learning.

The overall undertanding of key concepts of light wave
theory by high school students is relatively low. Based on
research [5], as much as 16.67% of 100 high school students
had difficulty learning about sound and light waves. The most
common difficulty is that students tend to only use the geo-
metric optics approach in analyzing the phenomenon of light
waves, as found in the following studies. Students usually
think that if the left gap in the double slit interference experi-
ment is closed, then the left pattern formed on the screen will
disappear because each gap responsible for half of the inter-
ference pattern [6,7]. Students also tend to think that when
the width of a single gap is decreased then the bright central
pattern formed on the screen will become narrower as well.
This is because students’ concepts about diffraction and im-
age formation are still mixed [8].

According to Ref. [9], one of the sources for the difficul-
ties that students face when understanding light wave mate-
rial is the high degree of abstractness of the topic. The se-
lection of inappropriate learning models become a factor in
the lack of mastery of concepts [5,10]. For example, the con-
ventional learning process -with its lack of activities- tends to
make students adopt a passive role where they only listen to
the explanations from their teachers.

Therefore, learning media that include visualization are
needed to reduce the abstractness of the concept of light
waves, one of which is the virtual laboratory. The virtual
platform PhET [11] is a virtual laboratory that has main fea-
tures, including visualization, effective calculation processes,
and interactivity, where those features are very effective in
helping students understand abstract concepts [12].

PhET provides a visualization of the topic of light waves,
especially for interference and diffraction phenomena. By us-
ing wave interference simulations in PhET, interference can
be shown through observing patterns on the screen when only
use a single source also when use two coherent source. Wave
interference simulations in PhET helps visualize the phe-
nomenon of constructive interference and destructive light
waves. Wave interference simulations in PhET displays
wavefronts in the form of circular lines in each gap where
overlapping lines will form bright patterns on the screen; oth-
erwise, when the lines do not overlap, then dark screens will
form. Besides, for the subtopics of double-slit interference
and single slit diffraction, students can conduct experimental
simulations by changing the quantities such as wavelength,
screen distance to a gap, gap space, and gap width quickly.
Then, students can directly observe changes that occur at a
pattern formed on the screen.

Wave interference simulations in PhET as a learning
medium must be used within the appropriate context and in
the right way so that the benefits are optimal. One of them
is by framing it in a conceptual change learning approach
that allows students to develop new concepts and show the
relationships between these concepts [12]. The inquiry is a
science learning model that involves students to play an ac-
tive role in finding the knowledge by asking and responding
to questions, designing investigations, evaluating, and com-
municating their learning [13,14].
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FIGURE 1. General sequence of learning by structured inquiry strategy.

TABLE I. Stage of structured inquiry learning.

No Stage Activity

1 Exploration of Students observe and try

phenomena to understand the problem

through the phenomena

presented by the teacher.

2 Formulate Students identify problems and

statements formulate hypotheses based

and hypotheses on the formulation of the

problem that has been made.

3 Plan Students gather with

investigations their groups to study

trial procedure

4 Carry out Students conduct

investigations experiments in groups then

write the data obtained into

the experiment table.

5 Analyze Students analyze the

data results of the

experiment data.

6 Constructing Student formulating

new knowledge conclusions then linking the

results experiment with

hypotheses that have

been previously formulated.

7 Communicating Each group presents their

new knowledge work in class and group

discussions others may

ask questions or respond

to the presenter group

Source: Llewellyn (2013).

Structured inquiry learning is appropriate for high school
students because they still need guidance in each inquiry until
later they can do self-inquiry from beginning to end [16,17].
In structured inquiry learning, although students dominate
learning actively, the teacher also plays an important role in
giving direct problems to students to be investigated and pro-
viding step-by-step experimental procedures. Then students
must find their own relationships between variables and draw
conclusions [18,19]. Reference [20] argue that by structured

inquiry learning, students are encouraged to work in small
groups to solve problems, they are involved in the process of
learning and it helps them undestand the topic and remember
the information in the future.

In this study, we have applied a structured inquiry learn-
ing strategy to aid students in light wave theory. In particular,
an example using this type of learning sequence was applied
to the understanding of the interference concept in the con-
text of the double slit experiment; the steps are described as
follows. The teacher started the lesson by displaying an ap-
perception picturing wave interference PhET simulations as
shown in Fig. 2. The teacher proceeded to pose the following
question to students: “Why are there differences in patterns
that form on the screen when one source and two sources are
used?”

Most of the students answered that in the second simu-
lation there was interference, but they could not yet explain
how dark and light patterns could form on the screen.

FIGURE 2. Apperception.
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FIGURE 3. Review of sound wave interference.

Then, the teacher presented a PhET simulation demon-
strating sound wave interference (see Fig. 3). The teacher
associates loud and weak sounds of the resulting wave pat-
tern to the constructive and destructive interference associ-
ated with bright and dark patterns on the light waves.

After that, the teacher asked one of the students to go
to the front and demonstrate the fact that the light originat-
ing from two flashlights does not generate bright and light
patterns on the screen, seemingly coming in conflict with the
interference simulations. From these simulations and demon-
strations, students are introduced to the concepts of light
wave interference, constructive and destructive interference
on light waves, and coherent and monochromatic waves.

The next step is exploration of the phenomenon. The
teacher displays a wave interference in a PhET simulation re-
lated to double slit interference as shown in Fig. 4, and gives
students some questions. “This simulation and the one on the
apperception both use one source, but why are the dark and
light patterns formed on the screen different?” The students

FIGURE 4. Double slit interference.

answer that this is because in this simulation the source is
passed through the slit.

The teacher proceeds to ask one more question: “To reach
the same point on the screen, does the light from the top slit
travel the same distance as the light from the bottom slit?
Then, when I change the color of the light source, the distance
of the screen to the slit, and the separation of the slite (done
alternately), will the patter on the screen also change?”. The
students are then asked to reflect on the problem and come up
with hypotheses based on the phenomenon just discussed.

After that, the teacher divides students into 8 groups and
distributes worksheets to each group. The teacher guides stu-
dents in conducting a double slit interference simulation ex-
periment using wave interference simulations in PhET to test
the hypotheses they have made before. The experiment was
focused on finding the difference between the constructive
and destructive interference paths in double slits and the re-
lationship between wavelength, the distance from screen to
the gap, and distance between slits and the distance between
patterns formed on the screen.

After obtaining the data, students conduct group discus-
sions to analyze the experimental data. In the process of de-
riving constructive and destructive interference equations in
a double slit, students have difficulty in modeling the dou-
ble slit experiment using geometric constructions so that the
teacher always guides students in deriving these equations.
After analyzing the data, students gain new knowledge and
then compare it with hypotheses that have been previously
made to draw conclusions. The results of student analysis
and discussion are then discussed with the teacher through
class discussion.

The importance of this research is to provide in-depth in-
formation about students’ mastery of concepts in light wave
material after participating in structured inquiry learning as-
sisted by virtual laboratories and real laboratories.

2. Method

2.1. Research design

This study uses an experimental mixed method design with a
one-group pretest-posttest model [21] The data in this study
are quantitative and qualitative. The study began by tak-
ing qualitative data consisting of interviews to determine the
condition of learning physics before treatment. The second
stage consisted of obtaining quantitative and qualitative data
by giving pretest questions to find out the mastery of initial
concepts related to students answering questions related to
light wave material. Then, a session implementing structured
inquiry models assisted by virtual laboratories was carried
out. In the final step, both a post-test and an interview were
conducted to find out student reasoning around the material
learned.

Interviews before and after treatment are conducted using
different open-ended questions. The purposive sampling
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TABLE II. Indicator of student’s concept questions

Item Indicator Competency

Number Achievement

1 Determine phenomena that

will occur when two incoherent

light sources are combined.

2 Determine students’ conceptions

of destructive interference in

transverse waves.

3 Determine the effect

of wavelength on the interference

pattern produced on the screen.

4 Determine the quantities that effect

the magnitude of the angleθ.

5 Determine the quantities that must

be changed to widen the distance

between light patterns in a

double slit interference pattern.

6 Determine of the effect of layer

thickness on patterns formed

in thin layer interference.

7 Determine interference in a thin

layer where students are asked to

determine the dominant color of

light reflected from a thin

layer of oil.

8 Determine a single slit diffraction

in which students are asked

to determine the changes that will

occur in the central bright

width when the quantities that

influence it are changed.

9 Determine a single slit diffraction

in which students are asked to

determine changes in the center of

light width when the color of the

light source used is changed.

10 Determine the quantities that

affect the distance between

consecutive bright patterns on the

screen in the diffraction grid.

11 Determine the characteristics of

multiple slit interference patterns,

single slit diffraction, and

multiple slit interference.

technique was used to select interview samples in which six
students were selected as respondents who could provide as
much relevant information as possible. Interviews were con-
ducted by individuals without any time limit and depending
on the response of each student.

2.2. Participants

The subjects of this study were 29 students of class XI Sci-
ence on an even semester of the year 2018/2019 in one of
the high schools in Malang, Indonesia. Respondents were
selected based on convenience sampling.

2.3. Research instrument

The conceptual understanding, or mastery, was measured
with the help of two tests on light wave theory consisting
of 11 multiple choice questions with open-ended space for
supporting the answer (see Appendix A). Both the pre- and
post-tests used the same problem, allowing them to be com-
pared to understand changes in student mastery throughout
the learning process. Indicators of student concept compe-
tencies are shown in Table II.

The test was designed to assess students’ conceptual mas-
tery of light wave theory with the implementation of multiple
choice questions with open-ended space for argumenting the
reasoning. Students can write down their reasons when an-
swering questions. Indicator of number one question (Q1) is
determine phenomena that will occur when two incoherent
light sources are combined.

• Validation and Student’s Accuracy

The conceptual mastery test developed had 11 questions.
The questions were reviewed and validated by a group of
Physics lecturers. An emprirical validation was also obtained
from 100 students who had received light wave theory ma-
terial to judge the item validity, comparative test difficulty
level and question reliability and relevance; from this anal-
ysis, one question was found to be inadequate and hence, it
was removed from the final instrument.

Analysis of the validity test, the level of difficulty, and the
reliability test of the questions using SPSS while the analy-
sis of different power test questions were done with the help
of Excel. The empirical validation is carried out to obtain a
reliability of 0.782. The results of validity test, comparative
test, difficulty level test, and the reliability test are presented
in Table III.
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TABLE III. Results of validity test, comparative test, difficulty level test, and reliability test.

Item Validity Comparative test Difficulty level Reliability

r Sig Index Category Index Category Index Category

1 0.495 0.000 0.68 Good 0.31 Medium 0.782 high

2 0.713 0.000 0.80 Very Good 0.72 easy

3 0.575 0.000 0..76 Very Good 0.50 Medium

4 0.588 0.000 0.76 Very Good 0.45 Medium

5 0.767 0.000 0.92 Very Good 0..61 Medium

6 0.245 0.014 0.24 Enough 0.55 Medium

7 0.595 0.000 0.84 Very Good 0.46 Medium

8 0.762 0.000 0.96 Very Good 0.55 Medium

9 0.210 0.036 0.24 Enough 0.73 easy

10 0.643 0.000 0.76 Very Good 0.61 Medium

11 0,.535 0.000 0.72 Very Good 0.51 Medium

• Item validity

After being tested on students, an item validity test was
conducted. Item validity was calculated making use of the
biserial coefficients:

rpis =
Mp −Mt

SDt

√
p

q

whererpis are the biserial coefficients,Mp andMt are the
average count of items answered correctly and average total
score, respectively;SDt is the standard deviation, andp and
q are the proportion of students who answer right and wrong,
respectively.

• Comparative Test

The comparative test was performed to determine the abil-
ity of a problem in distinguishing high-ability students from
students who are low ability. The formula to find out the dif-
ference between items is as follows.

DB =
BA

JA
− BB

JB
, (1)

whereDB is the comparative test of items,BA andBB are
the number of group participants who answered right and
wrong, respectively, andJA andJB are the number of top
and bottom group participants.

2.4. Data analysis

Descriptive statistical analysis was performed on the pretest
and post-test scores because the data were normally dis-
tributed and continued with t-test for paired samples to see
the difference between the pretest and post-test scores. Fur-
thermore, to see how much improvement in students’ mastery
of concepts after learning, N-gain calculations was used [21].
The calculation of d-effect size is done to see the strength of
the effectiveness of learning towards increasing the student
mastery of concepts [22].

A quantitative analysis was carried out on the reasoning
provided by students in the conceptual test on light wave the-
ory. On the other hand, the student interviews served as sup-
porting data in order to evaluate whether structured inquiry-
based learinng assisted by a virtual laboratory had an influ-
ence on student conceptual understanding improvement. To
analyse the result of students’ reason and interviews, constant
comparative techniques are used [24]. Then, a categoriza-
tion (coding) of data is made by comparing the data to obtain
several categories. This process is continued until the core
categories are not interdependent.

3. Result and discussion

The main objective of this research is to find the effectiveness
of using virtual laboratories in learning structured inquiry to
improve students’ mastery of concepts on the topic of light
waves with limited testing. Statistical calculations show that
the structured inquiry learning method using virtual reality is
effective for increasing students’ conceptual mastery of light
waves. This result is based on the n-gain that is shown in
Table IV.

TABLE IV. Descriptive Statistical Analysis and N-gain

Minimum Maximum Mean Skewness

±SD

Pretest 0 54.5 26.67± 15.36 -0.079

Posttest 45.5 100 73.62± 15.36 -0.329

N-gain 0.25 1 0.65± 0.19 -0.210

Based on the skewness value, which is in the range between−1

and 1, it can be seen that the data is normally distributed (Mor-

ganet al., 2011). T-test for paired samples is performed, where

the value oft = −15.885 is obtained;df = 28; andp = 0.000,

so it can be concluded that there are significant differences bet-

ween the pretest and posttest scores.

Rev. Mex. F́ıs. E18 (1) 10–22



ANALYSIS OF HIGH SCHOOL STUDENTS’ MASTERY IN LIGHT WAVE THEORY USING STRUCTURED. . . 15

The results of quantitative data analysis showed that
structured inquiry learning model assisted by a virtual labo-
ratory can improve students’ mastery of concepts on the topic
of light wave theory. The results of the t-test for paired sam-
ples evidence that there is a significant difference between
pre- and post-test scores. In addition, the average N-gain cal-
culation was of 0.65 in the “high” category and 3.00, very
large, for the d-effect size; this is in accordance with previ-
ous research which states that learning with inquiry models
assisted by virtual laboratories can help students in improving
mastery of concepts [25]. The reason for this is that virtual
laboratories can assist students in visualizing abstract con-
cepts such as double slit interference and single slit diffrac-
tion. Table IV also shows that before the treatment, students
got 26.67 as their average score, and the maximum score was
only 54.5 out of 100. In contrast, after being exposed to the
Phet virtual laboratory, the average score increases to 73.62
out of 100. These result support the arguments given by stu-
dents during their corresponding interviews.

The analysis that will be carried out next is done to under-
stand the process of increasing students’ mastery of concepts
of light wave material in pre- and post-test. It is assumed that
an improvement of the student understanding of concepts is
reflected in the form of an increase in the number of correct
answer in the post-test, as well as in-depth analysis of several
questions. The results of the number of questions answered
correctly during the pre- and post-test are shown in Fig. 1.

FIGURE 5. The number of students that answered each question
correctly.

FIGURE 6. Distribution of Student Answers Number 1.

3.1. Analysis of question number 1 (Q1)

Question number 1 aims to find out students’ conceptions of
phenomena that will occur when two incoherent light sources
are combined. The correct answer choice for question num-
ber 1 is D, “2 only” which states that the phenomenon that
will occur when two flashlights are held close together so that
overlap then directed at a distant screen are cannot produce a
stable interference pattern.

When pretesting, 79% students chose E, “3 only” which
is sates that “there are interference patterns that can be ob-
served on the screen”. Based on the analysis of the interview
responses and the written reasoning given, students chose E
because they thought when an interference phenomenon oc-
curs, there must be an interference pattern that can be ob-
served on the screen. An example of the reasoning used to
solve this question is shown in Fig. 7.

Meanwhile, students who choose option D, “2 only”, un-
derstood that when there are two or more combined sources
of light, interference will take place. Students also under-
stand that in order for the interference pattern to be observed,
both sources must be coherent and monochromatic. It shows
that

FIGURE 7. Examples of student answers to question number 1 Pre
test.

FIGURE 8. Example of student answers to question number 1 Post
test.
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students already have a correct understanding after the les-
son.

For this particular question, students benefited from a
demonstration by combining the light from two flashlights,
so students could observe directly that although the two lights
from the flashlight were interfering, there was no interfer-
ence pattern that they could observe. As a consequence of
the demonstrations, students become aware of the require-
ments needed to meet for interference effects to be observed.
This proves to be an effective strategy for teaching abstract
concepts to sudents, also making them more engaged along
the way [21].

3.2. Analysis of question number 8 (Q8)

Question number 8 aims to find out the student’s conception
of a single slit diffraction in which students are asked to deter-
mine the changes that will occur in the central bright width
when the quantities that influence it are changed. For this
specific question, the correct answer was A, “the width of the
central bright becomes larger”.

When pretesting, 41% of students chose answer B: “The
width of the central bright becomes smaller”, 31% chose an-
swer D: “Half the left center bright pattern disappears so that
the center bright width becomes half of the initial width”,
24% chose answer C which is “Half the right center bright
pattern disappears so that the center bright width becomes
half of the initial width”, 0% chose answer E which is “There
is no change in the pattern formed on the screen”, and only
4% chose answer A: “The width of the central bright becomes
larger”. Based on the interviews and written reasoning of the
students, it was concluded that students attempted to use their
understanding of geometric optics in answering the problem.
Students work on pretest questions with initial abilities and
knowledge gained from daily experience. Knowledge is frag-
mented, causing students to develop misconceptions [22].
Based on the analysis, the student reasoning results showed
that students used the concept of geometric optics [6,7,23].
Students commonly stated that light travels in a straight path,
failing to realize that light will diffract when passing through
a narrow slit. It is because students have not yet grasped the
concept of physical

FIGURE 9. Distribution of student answers number 8.

FIGURE 10.Example of student answers to question number 8 Pre
test.

FIGURE 11. Example of student answers to question number 8
Post test.

cal optics, so the concepts of diffraction and image formation
are mixed.

Students who answered correctly when pretested were
only 4%, but there is a significant increase to 86% on their
posttest. Students who chose option A as the answer on the
post-test showed that they have used the concept of physi-
cal optics. Students gained the understanding that by closing
a half gap-narrowing th width of the slit- the width of the
light become greater. It was also seen that students became
to explain the behavior o the brightness width formed on the
screen, being inversely proportional to the width of the slit.

The performance of students in question 8 is caused be-
cause during learning students conduct simulations of double
slit interference experiments using wave interference simu-
lations in PhET. Through simulation experiments, students
change the distance of the screen to the slit, the width of the
slit/distance between slits, and the wavelength of the light
source to determine the changes that occur in the patterns
formed on the screen. According to Ref. [29] the use of
wave interference simulations in PhET can improve the com-
prehension of concepts because students can easily change
the desired variables and after that they can directly observe
the effects on the dependent variable in which case the pattern
is formed on the screen.

3.3. More results of other numbers

Problem 2 was designed to inspect the conceptions that stu-
dents might have related to destructive interference in trans-
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verse waves. During the pretest, 62% of students chose an-
swer B: “2”. Based on the analysis of the interview answers
and the student written reasoning, it was concluded that they
already have a good concept related to destructive interfer-
ence in transverse waves, but the number of students do not
relate it to the concept of opposite phase waves. During the
posttest, the number of students who answered correctly in-
creased to 86%. The concept of opposite phase waves was
widely used, students explained that destructive interference
arises whenever two waves are in opposite phase.

The third problem was intended to evaluate students’ un-
derstanding of the effect of wavelength on the interference
pattern seen on the screen. During the pretest, 59% of stu-
dents chose answer C: is “Bright and dark lines that alter-
nate”. Based on the analysis of the interview answers and
the reasoning written by students, it was evident that it was
thought that an interference pattern must be a pattern of dark
and bright light regions; students do not seem to realize that
the color of the light source affects the resulting interference
pattern. During the posttest, 52% of students chose answer A,
which is “White in the middle with a rainbow on the right and
left”. Now, most students have understood that each color
making up white light produces a pattern of double slit inter-
ference where each wavelength produces a maximum pattern
by bending at different angles. However, there are still 41%
of students who chose option B, “Just rainbow color”. This
fact suggests that students tend to forget that white light is the
result of the overlap of all polychromatic colors.

Problem 4 was set out to find out students’ understand-
ing of the quantities affecting the magnitude of the angleθ.
During the pretest, 48% of students chose answer B, which
is “Become half of the initial angleθ”. Based on the analysis
of the interview answers and written responses students think
that the distance of the screen to the slits is inversely propor-
tional to the angle. During posttest, 86% of students chose
answer C: “The magnitude does not change”. Now, students
have understood that the magnitude of the angleθ does not
depend on the distance between the screen to the gap, as in-
dicated by the equationd sin θ = mλ.

Question 5 was directed toward the assesment of student
understanding of the quantities that affect the distance be-
tween light zones of high intensity for the double slit inter-
ference pattern. During the pretest, 42% of students chose
the answer E, which is “(3) only”. Based on the analysis
of the interview answers and the the written responses, it was
concluded that students seem to have the correct intuition that
the narrower a slit is, the more light will spread when passing
through; however, they did not realize that a change of color
in the light source is tantamout to changing the wavelength
of incident light. During the posttest, 79% of students chose
answer D: “(2) and (3)”. Now, students were found to have
understood that changing the color of a light source is the
same as changing the wavelength of the light source used.

Problem number 6 aims to find out students’ understand-
ing of the effect of the thickness of a layer on patterns formed
in thin layer interference. During pretest, 48% of students

chose option B, “No interference occurs at the top”. After
the proper analysis of students’ answers in the interviews and
reasoning section, it was seen that, in general, they do not un-
derstand that it is not that no interference is occurring, but that
destructive interference is taking place. During posttest, 38%
of students chose answer C: “The place has a very thin of
layer thickness so that no visible light can interfere construc-
tively”. This time, students understood that the thickness of
a layer affects the interference pattern that is formed. Nev-
ertheless, there are still 34% of students who chose answer
B. This shows that some students still have difficulty in un-
derstanding the interference mechanism that determines the
color of a thin layer.

In the case of Problem 7, students were inquired about
determining the dominant color of the reflected light from a
thin layer of oil. During pretest, 72% of students chose an-
swer A, which is “Violet”. Analysis of interviews and writ-
ten reasoning given by students showed that only common
knowledge was used, instead of any scientific explanation.
During posttest, 79% of students chose answer B: “Blue”.
Students realized that when the light reflected from the upper
and lower surface of the layer, both undergoes a 180◦ phase
change, so that light will be subjected to constructive inter-
ference based on the equation2t = m(λ/n).

Problem 9 was aimed to determine students’ conception
of a single slit diffraction, where students were asked to find
out the effect of changing the light source color on the width
of the central light zone of high intensity. During pretest,
59% of students chose option E: “Becomes 2/3 times the ini-
tial width”, but based on the analysis of the interview answers
and the argumentative reasons given, students tend to directly
compare the wavelength of the source used without know-
ing the underlying concepts. During posttest, students who
chose E increased to 66%. Now, students have used the con-
cept of the effect of wavelengths on the width of the central
bright, they realize that changing the color of the light source
used means the same as changing the wavelength of the light
source.

Problem 10 was inteded to find out students’ understand-
ing of the quantities that affect the distance between sequen-
tial bright patterns on the screen in the diffraction grid. After
the pretest, 34% of students chose answer C: “(2) and (3)”.
Based on the answers given by students, it was concluded
that they tended to re-describing the answer without giving
a meaningful reason. The post-test results showed a share
of 66% of students that chose answer B, “(1) and (4)”. It is
clear that students had now understood that the distance be-
tween bright patterns on screen is proportional to the light
source wavelength and the distance of the screen to the slits,
but inversely proportional to the gap between slits.

Question 11 was planned to determine the student under-
standing on the characteristics of the double slit interference,
the single slit diffraction, and multiple-slit interference pat-
terns. During pretest, 41% of students chose answer A, which
is “1, 2, and 3”. Based on the analysis of the answers, it
was shown that students can understand the characteristics of
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multiple slit interference patterns well, but they have diffi-
culty in distinguishing between the characteristics of double
slit interference patterns and single slit diffraction patterns.
During posttest, all students chose answer C, which is “2,
1, and 3”. It was concluded that students had understood
the characteristics of each diffraction and interference pattern
and were capable of distinguishing the patterns of double slit
interference, single slit diffraction, and diffraction grating ac-
curately.

3.4. Result of the interviews

The results of student interviews show that learning with a
structured inquiry model assisted by a virtual laboratory en-
hances student understanding of concepts on light wave the-
ory. Evidence of this are interview responses, where students
state that it had become easier to distinguish the characteris-
tics of multiple-slit interference patterns, single slit diffrac-
tion, and diffraction grating after conducting ecperiments
through the virtual laboratory due to the fact that they can ob-
serve the patterns directly in each situation. In addition, the
reasons for the students’ answers on the pretest and posttest
show that students no longer only use their naive intuition in
answering but they use the scientific conceptions they have
acquired during learning.

4. Conclusion and suggestion

Based on the results of the analysis and discussion of the re-
sults of the study, it was concluded that structured inquiry
learning assisted by a virtual laboratory is effective in in-
creasing the concept proficiency on light waves. From the
final interview, it was found that students felt more confi-
dent and said that they could master the concepts taught after
learning with a structured inquiry model assisted by a vir-
tual laboratory. The existence of resources such as virtual
laboratories helps them visualize interference and diffraction
phenomena directly. Nevertheless, it turns out that students
remain to experience some difficulties related to interference
and diffraction of light waves after the instruction. These
difficulties are as follows. (1) Students think that when in-
terference phenomena takes place there must be observable
interference patterns, (2) students do not realize that each
color of white light used in double slit interference experi-
ences different deflections according to the wavelength, (3)
students assume that in the thin layer of dark soap there is
no interference, (4) students have difficulty in explaining the
relationship between wavelengths against the central bright
width of a single slit diffraction, and (5) students have dif-
ficulty explaining the quantities that affect the distance be-
tween bright patterns in diffraction grating. Suggestions for
further research are to compare the mastery of the concepts of
students who take virtual laboratory-assisted inquiry learning
with students who take virtual laboratory and real laboratory-
assisted inquiry learning.

Appendix

A. The conceptual mastery test in light

1. If the two flashlights are held close together so that they
overlap, then directed at a distant screen, the following
phenomenon will occur:

1) The light from both flashlights does not interfere.

2) Cannot produce a stable interference pattern.

3) There are interference patterns that can be ob-
served on the screen.

Correct statements are indicated by numbers

F. 1,2, and 3

G. 1 and 2

H. 1 and 3

I. 2 only

J. 3 only

The Reason: ......

2. The following figure shows two transverse waves. If
the two waves interfere with each other, then in what
seconds will destructive interference occur?
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A. 1

B. 2

C. 3

D. 15

E. 17

The reason: ......

3. If in a double slit experiment white light is used as the
light source, then the pattern formed on the screen is...

A. White in the middle with a rainbow on the right
and left.

B. Just rainbow color.

C. Bright and dark lines that alternate.

D. The screen looks bright, there are no rainbow col-
ors or dark lines.

E. The screen looks dark, there are no rainbow col-
ors or dark lines.

The reason: .....

4. In a double slit experiment, red light is used which is
passed on two narrow slits with a gap between slits is
d and a screen placed as far as L from the slit as shown
below.

If the screen is moved away from the slits so that the
distance between the screen and the slits becomes2L,
then what happens to the angleθ?

A. Become one quarter of the initial angle.

B. Become half of the initial angle.

C. The magnitude does not change.

D. Becomes two times from the initial angle.

E. Becomes four times from the initial angle.

The reason: .....

5. Light from a blue laser passes through a double narrow
slits then hits the white screen so that it forms a dark
and bright pattern on the screen. Then do the following
treatment.

(1) Bring the screen closer to the slits.

(2) Replacing the blue laser with the red laser.

(3) Replacing the slits with a slits that has a smaller
gap between slits.

What can be done to widen the distance between bright
patterns is...

A. (1), (2), and (3)

B. (1) and (2)

C. (1) and (3)

D. (2) and (3)

E. (3) only

The reason: .....

6. The thin layer of soap is held vertically in the air. When
white light illuminates it, the layer looks like the fol-
lowing picture.

Note that the layer looks dark at the top. The correct
statement regarding the incident is...

A. At that place there is no layer of soap.

B. No interference occurs at the top.

C. The place has a very thin of layer thickness so
that no visible light can interfere. constructively

D. The place has a layer thickness greater than half
of the visible light’s wavelength.

The reason: ......

7. The thin layer of liquid (n = 1,2) that floats on water is
lighted by white light that is close to the normal surface
line. This layer thickness is 200 nm. The color of light
visible to our eyes is...
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Table of wavelength for each color.

Color Wavelength (nm)

Violet 380-450

Blue 450-495

Green 495-570

Yellow 570-590

Orange 590-620

Red 620-750

A. Violet.

B. Blue.

C. Green.

D. Yellow.

E. Orange.

The reason: ......

8. In a single slit diffraction experiment, blue light is
passed through the slit then hits the screen. What hap-
pens to the pattern that forms when the left half of the
narrow alit is closed?

A. The width of the central bright becomes larger.

B. The width of the central bright becomes smaller.

C. Half the right center bright pattern disappears so
that the center bright width becomes half of the
initial width.

D. Half the left center bright pattern disappears so
that the center bright width becomes half of the
initial width.

E. There is no change in the pattern formed on the
screen.

The reason: ......

9. Single slit diffraction experiments were carried out us-
ing green light. If the green light in the experiment
is replaced with red light, how will the changes occur
in the center of the bright width? (λgreen = 500 nm;
λred = 750 nm).

A. There is no change, the width of the center of
light does not depend on wavelength.

B. Becomes 1/3 times the initial width.

C. Become 3 times the initial width.

D. Becomes 2/3 times the initial width.

E. Becomes 2/3 times the initial width.

The reason: ......

10. Ultraviolet light with a wavelength of 350 nm comes
on a diffraction grating with a width between slits d and
the screen as far asL, then the location of its bright pat-
terns is marked on the screen. Furthermore, red light
with a wavelength of 700 nm is passed on the diffrac-
tion grating to form another diffraction pattern on the
screen. Bright patterns will be located on the signs that
were made before on the screen if:

(1) The screen is moved toL/2 distance from the diffrac-
tion grating.

(2) The screen is moved to2L distance from the diffrac-
tion grating.

(3) The diffraction grating is replaced by a diffraction grat-
ing which has a gap between slitsd/2 .

(4) The diffraction grating is replaced by a diffraction grat-
ing which has a gap between slits2d.

Correct statements are indicated by numbers...

A. (1) and (3)

B. (1) and (4)

C. (2) and (3)

D. (2) only

E. (4) only

The reason: ......

11. The following pictures show a dark and light pattern
on the screen formed by several experiments.
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The patterns formed from double slit interference ex-
periments, single slit diffraction, and multiple slit in-
terference (diffraction grating) are respectively shown
by the number picture...

A. 1, 2, dan 3.

B. 2, 3, dan 1.

C. 2, 1, dan 3.

D. 3, 2, dan 1.

E. 3, 1, dan 2.

The reason: ......

B. Interview guide before treatment structured
inquiry-based learning assisted by a virtual lab-
oratory

1. How do you feel when you study physics?

2. What are the difficulties that you encounter when
studying physics?

3. How are the physics learning activities carried out at
school now?

4. Can the activity help you in mastering the concepts be-
ing taught?

5. Did you ever do practical activities during physics
learning?

6. Are you trained to make a hypothesis which is then in-
vestigated and proven true?

7. Have you been invited to do practical activities through
a virtual laboratory media?

8. How do you expect to learn physics?

C. Interview guide after treatment structured
inquiry-based learning assisted by a virtual lab-
oratory

1. Does the structured inquiry model assisted by a virtual
laboratory or real laboratory facilitate you in mastering
the physics concepts that have been taught?

2. Which activities can help you master the concepts
taught?

3. What difficulties did you encounter when learning
physics by using a structured inquiry model assisted
by a virtual laboratory or real laboratory?

4. Have practicum activities either directly or through a
virtual laboratory been used effectively and can help
you master the concepts taught?

5. Is the virtual laboratory or real laboratory assisted
structured inquiry model suitable for Light Wave ma-
terial?

6. What needs to be improved from learning physics us-
ing a virtual laboratory or real laboratory assisted struc-
tured inquiry model?
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