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Abstract  Physics outreach is one of the exciting media 
for learning the phenomena. Many sophisticated tools are 
developed and used in various purposes both in the form of 
virtual-based equipment, computing, and simulation 
designed to build a sense of interest in physical phenomena. 
These expensive tools are not available for a rural school. 
This study is to utilize simple physics outreach to 
encourage student learning interest. There are many 
opportunities in applying physics outreach using materials 
collected from the around of school. This research is 
quasi-experimental research with pretest and posttest one 
group design. The objective of this research is to find out 
the influence of the outreach program to the conceptual 
application skills. The learning media for outreach 
activities include Heron' fountain, Lift of the wing, and 
mosquito's spray. Pretest and posttest were measured using 
the essay problems. These problems were arranged for 
higher-order thinking skills of Bloom taxonomy. The 
statistical technique of analysis the result was paired 
sample T-test (two-tailed, alpha = 0.05). Based on this 
study, there is a significant improvement on the conceptual 
application skill after the student was taught using this 
media. The main factor of this increase was fun activities 
during learning.  
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1. Introduction
In today's learning, various efforts are made to grow a 

variety of new skills needed to solve complex problems. 
Competencies expected in the learning process experience 
changes compared to learning in the previous era. Issues 
about critical thinking, collaboration, communication, and 
creativity are essential issues in learning. Learning 

strategies based on ICT develop rapidly to accommodate 
the millennial generation. However, the problem of science 
learning related to interest in science and understanding of 
science concepts and principles is still relatively high felt 
by educators. 

In the field of science learning, many researchers and 
educators conduct research and application of various 
methods or strategies in learning to achieve these 
competencies, one of which is by conducting physics 
outreach. The strategy of implementing the program 
outreach is carried out at various levels of education from 
the level of primary education to higher education. Some 
findings indicate that by implementing outreach, 
participants become increased in their awareness and 
knowledge [1]; motivation for and proficiency in science [2, 
3]; interest in science [4, 5]. These results indicate that 
outreach activities provide a positive learning environment 
for students in science learning. 

Outreach Physics is a term used in school activities or 
research institutions that aims to understand audience 
insights and awareness in the field of physics. The center of 
Physical outreach is generally on developing, providing 
learning resources, and providing participants with a 
variety of arranging ideas for other participants. In this era, 
educators give many efforts to create the application of 
Physics Outreach involving students in the process of 
integrating various phenomena in everyday life. The aim of 
this application is not only to push physics education out of 
traditional one but also to attract students on building their 
new perspectives on physical phenomena. 

Some research shows that these learning strategies are to 
increase critical thinking skills, primarily through 
problem-solving activities [6]. The used problems in 
learning are obtained from various phenomena 
encountered in everyday life as a non-routine problem [7]. 
This simplification physics is a school learning activity in 
support of physical outreach that can encourage learning 
that is interesting and supports the improvement of 
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students' thinking skills [4, 8]. However, searches are 
related to the application of many outreach concepts that 
use sophisticated and expensive research tools. These 
sophisticated tools are developed and used in various 
purposes both in the form of virtual-based equipment, 
computing, and simulation designed to build a sense of 
interest in physical phenomena [9-12]. 

This situation is undoubtedly a plan in schools in border 
areas that do not have sufficient resources. As an 
alternative, it is necessary to develop various equipment 
that will be used in physical outreach using materials that 
are cheap and readily available in the school environment. 
With these tools, activities in physical outreach need to 
accommodate various variations that can be made by 
students who can explain the solutions to the complexities 
of physics. In schools with expensive facilities, the 
development of a variety of simple learning tools with the 
principle of physics is one alternative in the learning 
process. 

There are many opportunities in applying physics 
outreach using materials collected from the around of 
school. Therefore, the purpose of this study is to develop 
and implement physics outreach to improve critical 
thinking skills in secondary school students. This 
development initiative is essential to consider more needs 
in physics teachers who are more scientifically literate. 
These new ways of learning will enable better public 
appreciation of the potential of science in helping real 
problems in everyday life. 

2. Methods 

2.1. Research Context 

This research is quasi-experimental research with 
pretest and posttest controlled group design. The objective 
of this research is to find out the influence of the outreach 
program to the conceptual application skills. The 
population covered five classes of eleventh-grade student. 
The sample consists of two groups. The student in the first 
group (22 students) was taught using physics outreach 
learning. The other group was taught using face-to-face 
learning as the controlled group (29 students). The 
independent variable is the physics learning strategy using 
outreach concept. The dependent variable is the 
conceptual application skills. This variable was measured 
after all students had finished their learning activity for 
five sessions (90 minutes per session; 2 times per week). 

2.2. Statistical Analysis 

There are three stages of statistical analysis applied. 
The first is comparing the two groups before learning. 
From the results of the measurement of the conceptual 
application skills before learning, a one-way ANOVA was 

performed to find out if there were differences in the mean 
of the pretest scores. If there were no significant 
difference, then the two groups would be used as a group 
to compare results after learning. The second is comparing 
the mean of the posttest to find out the effect of learning 
strategies on the results of the posttest (conceptual 
application skills). The technique is one way ANOVA. 
The third is to analyze a significant score increase from 
pretest to posttest in the treatment group (which was 
taught with the physics outreach approach). The analysis 
technique used is a paired T-test. 

2.3. Instrument 

The learning media for outreach activities include 
Heron’ fountain, Lift of the wing, and mosquito’s spray 
(see Figure 1 to 3). This media supported the Dynamics 
Fluid lesson for eleventh-grade students in Magetan 
Regency, East Java Province, Indonesia (a rural school). 

 

Figure 1.  Heron’s fountain 

 

Figure 2.  Lift force of the wing 

 

Figure 3.  Mosquito’s spray 
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Students experimented using the particular worksheet to 
apply the physics concept. They also explored the 
phenomena of this experiment to improve conceptual 
understanding. 

Pretest and posttest were measured using the essay 
problems. These problems were arranged for higher-order 
thinking skills of Bloom taxonomy. The number of 
problems is ten items. This problem has been analyzed 
related to the item validity, the difficulty index, the power 
of discrimination. The score criteria included 
identification of the problem, interpretations of data or 
information, determination of strategy, application of the 
approach, and reflection or justification. The score of each 
criterion is from 1 to 5. The example of the essay problem 
is shown in Fig. 4. 

 

Figure 4.  The simple example of the Ventury tube problem. The area 
of A tube is 10 cm2, and one of tube B is 4 cm2. The water of velocity at 
the A tube is 10 m/s. Determine the water of velocity at the B tube. The 
flow is from left to right in the horizontal position 

2.3. Learning Activities 

For the physics outreach activity, the teacher arranged 
the particular room to be set up. The room has been 
designed for outreach activities. In this room, students 
experimented following the provided guidelines. This 
activity is carried out in groups. Worksheets provide 
scientific steps that can encourage students to higher-order 
thinking. At the end of the activity, each student gives an 
interpretation of this physics outreach-based learning 
experience. In this way, students can understand the 
concept of dynamic fluid and gain real experience during 
their experiments. 

3. Result and Discussion 
The quality of education in Indonesia, especially in the 

rural area need to be improved [13]. The limitation of the 
learning facilities, especially in physics learning, becomes 
one of the constraints for student skill improvement. 

Teacher in this school is still using conventional learning, 
face-to-face learning, in the classroom for almost all 
learning subject. As consequences, the student's skills in 
the concept application in physics subject is low. The 
understanding of the basic concept in physics is essential 
[14, 15]; unfortunately, many students fail to understand 
and to apply these concepts. 

One of the alternative solutions is developing and 
applying physics outreach to increase the conceptual 
application skills of students [1, 9]. The application of 
concepts is action taken to help to identify an object and 
to learn something new [9]. Physics outreach is an activity 
in the field of education, focusing on broadening the 
audience and physics application, especially in the 
villages [9]. Physics outreach could be training, 
introduction to experiment tools related to physics, 
science libraries, or museums. Besides delivering services, 
outreach has an educational role in raising the awareness 
of the existing services. 

3.1. Pretest Score Comparison of Two Groups 

Comparison of the mean of the pretest score in the two 
groups is used to determine the students' initial ability in 
the application of concept skills before giving treatment 
(See Table 1). 

Table 1.  The descriptive of pretest score 

Groups N Mean Std.  
Deviation Min. Max. 

Physics Outreach 22 31.227 4.6592 21.00 40.00 

Face-to-face 
Learning 29 32.035 3.5905 27.00 38.00 

Total 51 31.686 4.0620 21.00 40.00 

From Table 1, the mean score of conceptual application 
skills before learning in the control group (32,035) is 
slightly higher than the treatment group (21,227). From 
the standard deviation values, students in the class who 
will obtain learning with physics outreach tend to have 
more significant variation (4.66) than classes that use a 
face-to-face approach (3.59). The results of homogeneity 
analysis with Levene's value model show that both groups 
are homogeneous (p-value = 0.299). 

Table 2 shows the analysis with one-way ANOVA to 
find out whether the mean pretest scores of the two groups 
differed significantly. 

Table 2.  One-way ANOVA of the pretest score 

 Sum of  
Squares df Mean  

Square F Sig. 

Between Groups 8.151 1 8.151 .489 .488 

Within Groups 816.829 49 16.670   

Total 824.980 50    
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The p-value is 0.488, which is higher than the alpha 
(0.05). These results indicate that the mean of pretest 
between the two groups did not differ significantly. The 
next step is to find out the differences in the results of the 
posttest in the two groups. 

3.2. Posttest Score Comparison of Two Groups 

After learning, students had been measured their 
conceptual application skills according to the instrument 
that had been developed. Table 3 shows the descriptive 
statistical results. 

Table 3.  The descriptive of posttest score 

Groups N Mean Std.  
Deviation Min. Max. 

Physics 
Outreach 22 41.682 5.1398 31.00 51.00 

Face-to-face 
Learning 29 34.621 3.3850 30.00 40.00 

Total 51 37.667 5.4760 30.00 51.00 

From Table 3, the average score of the application of 
concept skills after learning in the control group (34,621) 
is lower than the treatment group (41,682). From the 
standard deviation values, students in the class who have 
obtained learning with physics outreach tend to have more 
considerable variation (5.14) than classes that use a 
face-to-face approach (3.38).  

Next, a one-way ANOVA was applied to the posttest 
score to determine the effect of the learning strategy. 
Table 4 shows the results of this analysis.  

Table 4.  One-way ANOVA of the posttest score 

 Sum of  
Squares df Mean  

Square F Sig. 

Between Groups 623.733 1 623.733 34.905 .000 

Within Groups 875.600 49 17.869   

Total 1499.333 50    

From Table 4, the p-value is less than 0.05, which 
means there is a significant difference between the 
average posttest score of the treatment group and the 
control group. In other words, there is an influence of 
learning strategies on conceptual application skills. 

Refer to Table 3; it implies that students who obtain 
learning with physics outreach have a better physics 
conceptual application skill than students who learn 
face-to-face. It is necessary to look at whether there is a 
significant improvement in the conceptual application 
skills to students learning with physics outreach to find 
out the effectiveness of these results. 

3.3. Pretest and Posttest Score Comparison of the 
Treatment Group 

The skill improvement in conceptual applying is found 

by comparing the mean of pretest and posttest. The 
technique used is a paired T-test. Table 5 shows the 
results of measuring the concept application skills at the 
before learning (Pre Test) and after learning (Post Test). 

Table 5.  Paired Samples Statistics 

Pair 1 Mean N Std. Deviation Std. Error Mean 

Pre Test 31.227 22 4.6592 .9933 

Post Test 41.682 22 5.1398 1.0958 

Table 5 shows that the mean of posttest score (41.68) is 
higher than the mean of pretest score (31.23). This score 
shows there is an increase in students' skills after 
participating in physics outreach activities. However, 
there is a tendency for the distribution of skills to spread 
after learning. It can be analyzed from the value of the 
standard deviation. This phenomenon is represented in the 
standard deviation of the posttest score (5.14) higher than 
the standard deviation of the pretest score (4.66). 

Table 6 shows the correlation between the pretest and 
posttest scores. This table is used to find out whether there 
is a relationship between the skill of applying concepts 
before following the physics outreach and after following 
it. 

Table 6.  Paired Samples Correlations 

Pair 1 N Correlation Sig. 

Pre Test & Post Test 22 .932 .000 

From Table 6, the p-value is 0.00 (smaller than 0.05). 
This result indicates that there is a significant correlation 
between the two scores, where the correlation value is 
0.932. 

The results of the analysis by paired-sample T-test was 
used to find out the effect of the application of learning 
models on the concept application. Table 7 shows this 
result. This table shows whether the mean of Pre Test and 
Post Test scores differ significantly. 

Table 7.  Paired Samples Test 

Pair 1 Mean Std. 
Deviation 

Std. 
Error 
Mean 

t df Sig. 
(2-tailed) 

Pre Test 
–Post 
Test 

-10.454 1.870 .398 -26.219 21 .000 

Table 7 shows that the p-value or Sig. is 0.00 (2-tailed), 
which is smaller than 0.05. This result indicates that the 
average pretest and posttest scores are significantly 
different. In other words, there is an influence of the 
application of the learning model on the concept 
application skills. 

From these results, it shows that physics outreach 
provides various opportunities in learning innovation that 
is more enjoyable for students. Students' higher interest in 
everyday science problems becomes a motivator to learn 
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more deeply in various concepts of physics as a part of the 
daily solution. 

During the learning process in groups learning with 
physics outreach, researchers make observations on 
aspects of interest, activity, and collaboration. This result 
can be an explanation for why this strategy can improve 
the conceptual application skills. 

The basic idea of physics outreach is to build awareness, 
knowledge, skills in physics through a variety of exciting 
activities [2, 3]. This concept is indeed relatively too 
broad and can have various meanings following the 
interests of learning. In the learning model applied in this 
study, physics outreach is more focused on the use of 
various simple learning resources in the school 
environment to be able to understand contextual physics 
phenomena. The cases taken are everyday phenomena 
which contain various physical concepts simultaneously. 
The ability of students to understand these concepts and 
explain their interrelationships becomes an alternative to 
gain a deeper understanding of physics concepts [16, 17]. 

During the learning process, students in groups created 
their various equipment (Heron's fountain, lift force of the 
wing, and mosquito's spray). During this process, they 
were encouraged to discuss, seek understanding of the 
concept of dynamic fluid, and explain the mechanism of 
action of the tool. During this activity, students would be 
motivated to be more active in work and study. They 
learned not only in physics but also in the skill of making 
tools and making sure they work well. This way of 
learning is intended not only to master the material but 
also to encourage understanding of physical phenomena 
from the perspective of students [4, 9]. 

Variation of activities is one of the essential keys in the 
application of physics outreach. In this study, various 
types of tools had been provided that explain various 
physical phenomena. These variations could be learned by 
students freely and do not have to be sequential 
sequentially. With this approach, students learned from 
the phenomena that were most interesting to them. 

With the development of information and 
communication technology, the opportunity for the 
development of physics outreach integrated with 
technology is possible. Physical phenomena can be 
monitored, recorded, and transferred digitally for further 
analysis. Physical phenomena may originate from various 
events experienced in daily life. This method is a new 
opportunity for increasing the application of the concept 
of physics outreach. We may use various sensors 
embedded in smartphones [18, 19, physics simulation 
applications [20], physics phenomenon analysis 
applications [21] to develop better physics outreach 
implementation. 

4. Conclusions 
Physics outreach media is developed using materials 

that can be obtained around the school and from used 
materials, especially plastic bottles. The application of 
physics outreach can improve student skills in applying 
physics concepts. A critical factor affected on improving 
this ability is a higher sense of interest when students 
attend physics outreach activities. More in-depth 
observations of several other factors such as motivation, 
understanding of concepts, can be an alternative to further 
study related to physics outreach. 
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