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Abstract. This study aims to explore the effect of the inquiry learning model based on
laboratory and achievement motivation toward students' physics learning outcomes. This study
is experimental research with a factorial design. The research sample used 2 class groups in
one high school in the city of Mataram. The first experimental group used inquiry learning
model based on real laboratory and the second experimental group used inquiry learning model
based on virtual laboratory. Virtual laboratory using PhET simulation. The questionnaire of
achievement motivation scale was used to measure the students’ achievement motivation, and a
test was used to measure students’ learning outcomes focusing on cognitive aspects. The
analysis of motivation scores and learning outcomes was carried out descriptively.
Furthermore, the hypothesis testing use the Anova test where the prerequisite test in the form
of normality and homogeneity test is conducted. The research results show that; a) there is no
significant difference between the students’ learning outcomes who learn using the inquiry
learning model based real laboratory and virtual laboratory; b) there is no significant difference
between the students’ learning outcomes who have the high achievement motivation and low
achievement motivation; and c) there is no interaction between inquiry learning model based
real laboratory and virtual laboratory with the achievement motivation (high and low) on the
students’ learning outcomes.

1. Introduction

One of the indicator to determine the achievement of learning objectives is to see the level of leaming
outcomes achieved by students. By looking at the learning outcomes, the ability and quality of
students will be known. In the context of learning physics, it is necessary to do renewal in learning
activities, namely through the presentation of learning that provides opportunities for students to
construct their own knowledge. Presentation of learning is in accordance with constructivist principles
[1]. From a constructivist perspective, students are considered not as people who passively receive
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information from the teacher, but as people who are actively involved in relevant experiences and have
opportunities for dialogue, so that meaning can be developed and constructed. Learning takes place
not in passive classes but in a community characterized by high participation and involvement [2].
One of the leaming presentations according to constructivist principles that can be applied is the
inquiry learning model [3,4].

The inquiry learning model is a learning model designed to bring students directly into the
scientific process through a scientific process carried out by an experimental mechanism [5, 6].
Inquiry learning through experimental activities can be carried out in laboratories in the form of real
laboratories and virtual laboratories. The inquiry model is designed to give students the experience of
the scientific method, which is a pattern of thinking that emphasizes asking questions, developing
hypotheses, and testing hypotheses [7]. This model is suitable for application in physics leaming
because physics is a part of science that focuses on experimental activities [8].

The strong reasons that make inquiry as a choice in learning are; a) inquiry provides methods to
teachers in teaching investigative and systematic skills to students; b) the stages in the inquiry model
give students practice in collecting and analyzing information and providing abilities that can be
applied in other aspects of life; and c) inquiry provides different methods of teaching content to
learners who may be overly saturated with teacher-centered and oriented techniques [9]. In addition,
previous studies have shown that inquiry-based learning activities can train students' higher-order
thinking skills such as critical thinking [10, 11, 12].

Inquiry learning through experimental activities in the laboratory aims not only to achieve learning
results in product aspects, but also to emphasize aspects of process and attitudes. Laboratory activities
that are carried out can take advantage of real lahoratory facilities and virtual laboratories, one of the
simplest ones is by using PhET simulations. By looking at the increasingly rapid development of
science and technology, the use of these two types of laboratories can be chosen as a means of
carrying out laboratory activities. Depends on the suitability with the learning material. One of the
physics materials which in laboratory activities can use these two types of laboratories is dynamic
electricity. With the availability of practicum tools in the laboratory and PhET simulations, it is
possible to apply dynamic electrical material through both real and virtual laboratory activities.

Several previous studies have shown that experimental activities in the laboratory can improve
students’ understanding and science process skills [13], guided inquiry medels can improve students'
physics learning outcomes [ 14], information technology-based laboratory inquiry learning models can
improve generic science skills and skills. creative thinking of students [15], computer simulation can
improve students' understanding of physics concepts [16], the use of PhET simulation is more
effective than the lecture or demonstration method [17], PhET simulation can train science process
skills in learning physics [18] and aspects of knowledge [19].

Apart from the use of a learning model, another aspect that affects learning outcomes is
achievement motivation, which includes the motive or desire for success (hope for success) and the
desire to avoid failure (fear of failure). The separation of these two motives shows that students differ
not only in their desire to achieve success, but also in their desire to avoid possible failures [20]. The
level of achievement motivation of students is determined by the level of these two motives. Students
who have high achievement motivation tend to always try to achieve what they want, including to
achieve high leaming outcomes, despite experiencing obstacles and difficulties. As found by several
previous researchers that achievement motivation affects student learning outcomes [21], achievement
motivation affects intellectual talent [22], and there is a relationship between achievement motivation
and critical thinking [23].

This study aims to explore the effect of inquiry learning models based on laboratory and
achievement motivation toward students' physics learning outcomes. In this study, the learning process
uses an inquiry model based on real and virtual laboratories. Virtual laboratory using PhET simulation.
Learning outcomes focus on the cognitive aspects.
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2. Method

This study is experimental research with a factorial design (Figure 1). The research sample used 2
class groups in one high school in the city of Mataram, each class of 28 students. The first
experimental group used inquiry learning model based on real laboratory and the second experimental
group used inquiry learning model based on virtual laboratory. Virtual laboratory using PhET
simulation.

Inquiry Lab (X)
Achievemen Real Lab. (X)) Virtual Lab. (Xz2)
motivation (Y )
High (Y1) =Y K=Y
Tow (Y2) XYz XaYaz

Figure 1. Research Design

The questionnaire of achievement motivation scale (AMS) was used to measure the students’
achievement motivation, this contains a series of statements related to the drive for individuals to hope
for success (HS) and fear of failure (FF). The questionnaire consists of 35 statement items arranged
based on the AMS grid developed by researchers adapted from Lang & Fries [20]. The test instrument
was used to measure students’ learning outcomes focusing on cognitive aspects. The test instrument
consists of 20 multiple choice questions and 5 essay questions, which are arranged based on the
written test instrument grid developed by the researcher referring to the related material indicators.
Cognitive learning outcomes measured through this test are the dimensions of cognitive processes
including the ability to remember (C1), understand (C2), apply (C3), analyze (C4), evaluate (C5), and
create (C6).

The learning tools and instruments in this study were each validated by two validators. The result
is that the lesson plan is very valid criteria, as well as the achievement motivation questionnaire
instrument and the cognitive learning outcome test, both of which are very valid criteria. The analysis
of motivation scores and learning outcomes was carried out descriptively. Furthermore, the hypothesis
testing use the Anova test where the prerequisite test in the form of normality test (Kolmogorov-
Smirnov’s test) and homogeneity test (Levene’s test) are conducted.

3. Results and Discussion

Description of students' physics learning outcomes data based on achievement motivation for both
classes and physics learning outcomes data of students based on treatment classes are presented in
Table 1, Table 2, and Table 3.

Tabel 1. Learning outcome data based on achievement motivation

Achievement motivation n Highest score Lowest score Average

High 28 73.88 34,88 56,71

Low 28 70.25 34,88 54.86
Table 2. Data on the number of students with high and low achievement motivation

Class n  High Achievement Motivation Low Achievement Motivation

Real Lab. 28 15 13

Virtual Lab. 28 13 15

Table 3. Learning outcome data based on treatment class

Treatment classes n Lowest score Highest score Average
Real Lab. 28 34,88 73.88 5345
Virtual Lab. 28 41,75 72,25 58,36
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The prerequisite test results show that the data variants are homogeneous (sig. = 0.21 greater than
0.05) and normally distributed (sig. = 0.20 greater than 0.05). Furthermore. hypothesis testing was
carried out using the two-way ANOVA technique. The Anova test results for statistical analysis of
hypothesis testing can be seen in Table 4.

Table 4. The test results of Anova

Source df Fhitung Sig.
Inquiry lab. (X) 1 3.63 0,06
Achievement motivation (Y) 1 0,93 0,34
Interaction (X*Y) 1 2.24 0.14

ANOV A results in the laboratory inquiry class group (real lab and virtual lab) showed a sig value
(0.06) greater than 0.05, which indicates that the cognitive physics scores of students between the two
class groups (real lab and virtual lab) were not significantly different. Achievement motivation in the
two-class groups showed a sig value (0.34) greater than (.05, meaning that the cognitive physics
values of students between the two groups (high achievement motivation and low achievement
motivation) were not significantly different. The interaction of the inquiry model with motivation
shows that the sig value (0.14) is greater than 0.05, meaning that there is no interaction between the
use of inquiry learning models based on real laboratories and virtual laboratories with achievement
motivation on students' physics learning outcomes.

Learning activities that have been carried out by students, both using real laboratories and virtual
lahoratories, both have shown the results of learning in the cognitive domain through the final tests
given to students where the use of real laboratory-based inquiry learning models and virtual
laboratories does not make a significant difference to learning outcomes. Based on the initial analysis
by looking at the characteristics of the laboratory-based inquiry learning model, the researcher
predicted that the laboratory-based inquiry learning model by utilizing real laboratories and virtual
lahoratories would have a significant effect on the learning outcomes of students in the cognitive
realm, where the virtual laboratory-based inquiry learning model would provide a better effect of the
real laboratory-based inquiry learning model, where the learning outcomes using virtual laboratories
will be higher than the learning outcomes using real laboratory facilities. This is based on several
considerations, among others, the virtual laboratory-based inquiry learning model, which in this case
utilizes the PhET simulation program, is able to display simulations that can reduce real situations
from scientific symptoms that can increase the absorption and concentration of students, as revealed
by Wiyvono and Taufik [16] stated that a virtual laboratory is able to provide an interactive
environment so that it will effectively describe the causal relationship and related representations of a
number of experimental parameters carried out by students. PhET simulation programs are also
capable of displaying phenomena that are not visible in the real world, for example, the flow of
electrons in an electrical circuit [17]. However, from the results of the research that has been done,
there was no significant difference in the cognitive physics leaming outcomes of students using both
real and virtual laboratories.

Other results revealed in this study were those related to the effect of achievement motivation on
students' physics learning outcomes in the cognitive domain. From the research, it was found that the
average score for the cognitive domain of students who had high achievement motivation was 56.71,
while the average score of students who had low achievement motivation was 54.86. This data shows
no significant difference between groups of students who have high or low achievement motivation. In
addition, the results of this study indicate that there is no interaction between the inquiry learmning
model based on real and virtual laboratory with the achievement motivation on students' learning
outcomes. Therefore, has inquiry learning model based on real and virtual laboratory has no different
effects on students’ leamning outcomes in the cognitive domain who have high or low achievement
motivation. Achievement motivation is an important area in developing skills or abilities. However,
high achievement is not achieved only with high motivation but also by ability [24].
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The inquiry learning model base on the laboratory is a series of activities designed to bring
students directly into the scientific process to give students the experience of the scientific method
through experimental activities carried out in the laboratory. Meanwhile, achievement motivation is a
boost from within students, in the form of encouragement to achieve success and avoid failure, which
allows students to achieve better achievements or results by applying a certain measure of excellence,
either themselves or others. Achievement motivation is relatively stable and already exists in each
student. Achievement motivation is influenced by intrinsic and extrinsic factors [25], while the inquiry
learning model is a series of activity steps that the teacher gives to students, which students get during
learning activities. Although in practice it is influenced by extrinsic factors such as achievement
motivation, this learning model is not inherent in students, as achievement motivation. In the
achievement of leamning outcomes, the inquiry learning model and achievement motivation have
separately. Real and virtual laboratory-based inquiry models as a regulator of learning activities
according to its syntax, while achievement motivation is a psychological process.

One of the factors that affect the results of this study is that students are not familiar with
experimental activities carried out in laboratories or virtual ones. One of the requirements for inquiry
activities to run well is that students must be familiar with science process skills that are trained
continuously. In addition, the teacher should as much as possible control the process of learning
activities using inquiry models [26, 27, 28] and scaffolding students [18], wherein this study it is an
unobserved variable. This deficiency can become a recommendation for further research in the future.

4. Conclusion

The research results show that; a) there is no significant difference between the students’ leaming
outcomes who learn using the inquiry learning model based real laboratory and virtual laboratory; b)
there is no significant difference between the students’ learning outcomes who have the high
achievement motivation and low achievement motivation; and c) there is no interaction between
inquiry leaming model based real laboratory and virtual laboratory with the achievement motivation
(high and low) on the students’ learning outcomes.
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