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Abstract 
Advances in information technology have led to innovative learning methods that combine 

traditional and online learning, known as blended learning. This pre-experimental study aims to 
analyze the effectiveness of blended learning in increasing prospective physics teacher students’ 
learning motivation and problem-solving ability. There were 14 students who participated in this study. 
They were involved in 70% of face-to-face learning and 30% in online learning. The data of learning 
motivation were collected by the questioner and the data of problem-solving ability were collected by 
test. The research hypotheses were tested by non-parametric statistics, namely the sign test. The 
results of the study indicate that the pre-test score mean of learning motivation was 67.21 (SD= 5.45), 
which was in the medium level and the post-test score mean was 74.98 (SD=5.93), which was at a 
high level. The pre-test score means of problem-solving was 33. 43 (SD = 4.90) which was at a low-
level and the post-test score mean was 63.54 (SD =2.35), which was at a moderate level. The one 
side sign test shows the calculated ZC= 3.43, which was higher than standard Z at a 5% significance 
level. The mean score of prospective physics teacher students’ learning motivation and problem-
solving ability between before and after learning was significantly different. From this finding can be 
concluded that blended learning effective in increasing  prospective physics teacher students’ learning 
motivation and problem-solving ability. 
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1. Introduction 
Mathematical Physics course is one of the compulsory subjects for physics majors 

and physics education in universities in Indonesia. In the physics education department at 
the Universitas Pendidikan Ganesha, mathematical physics courses are divided into two 
courses namely Mathematical Physics I offered in the odd semester and Mathematical 
Physics II offered in even semester. Mathematical physics courses aim to provide a 
mathematical foundation for advanced physics courses such as mechanics, electricity and 
magnetism, optical and wave physics, quantum physics, statistical physics, and solids state 
physics (Kurikulum Fisika KKNI 2016). This course also provides an introduction to 
mathematical methods for solving mathematical problems that appear in the above branches 
of physics. 

In general, Mathematical Physics learning in universities is held face-to-face in class. 
Learners are present in class and all learning activities are carried out in class. The 
commonly used methods are lectures, discussions, and group work. All of these face-to-face 
activities require direct responses from class members. All learning transactions are planned, 
implemented, controlled, and evaluated by the instructor. Learners only follow the learning 
scenario developed by the teacher. The learning process takes place only in a tightly 
scheduled time and place. Students get fewer opportunities to plan, implement, and control 
their own learning. Given the limited learning time, the interaction between students and/or 
students is very limited. As a result, not all students have the opportunity to be optimally 
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involved. Most students tend to be passive and only wait for the direction/guidance of the 
teacher. Starting from these weaknesses, there is a need for alternative methods that are 
more flexible, provide opportunities for students to manage and control their own learning, 
with learning at anytime, anywhere, and utilize a variety of media and learning resources. 
However, this alternative learning method still provides opportunities for direct interaction 
between students and/or students to foster social relations and provide direct guidance. 

The development of educational technology today has improved the learning 
environment that provides a variety of tools that enable the fulfillment of the diverse needs of 
students. Sophisticated network systems have caused a revolution in education that enables 
the application of alternative learning methods "anytime and anywhere" for online learners 
around the world (Oh & Lim, 2005). Through online learning, students can get a variety of 
educational content and build multi-way communication with other students and teachers.   
(Uğur et al., 2011). Students control their learning environment, learning speed, information, 
activities, and time management (Jung, 2001). Advances in web technology have 
encouraged educators to create teaching methods that appropriate to the learning styles and 
students’ needs (Yeop et al., 2016). While online learning guarantees flexibility and the 
achievement of competencies that difficult to achieve in real classrooms, face-to-face 
interaction allows social interaction needed as a guide for students. Integrating the best 
aspects of e-learning and traditional learning accompanied by the application of the 
information technology system creates what is called Blended Learning.  

Blended learning is a combination of face-to-face learning and online learning 
(Briggs, 2014; Dziuban et al., 2018; Graham, 2006; Stacey & Gerbic, 2009; Volchenkova, 
2016; Wong et al., 2014). The Australian National Training Authority as cited by (Shivam & 
Singh, 2015) states "blended learning is a combination of traditional learning and a web-
based approach”. This model will become the main model in the future (Yen & Lee, 2011) 
and allows the material, students, and teachers not in the same space (Williams, N.A. & 
Christie, 2008).  

With blended learning students still have the opportunity to have direct social 
interaction and get guidance from the teacher. Kaur, (2013) state “blended Learning is 
provided by the effective combination of different modes of delivery, models of teaching and 
styles of learning which are exercised in an interactively meaningful learning environment”. 
Sophisticated network systems have caused a revolution in education that allows the 
application of alternative learning methods "anytime and anywhere" for online learners 
around the world (Oh & Lim, 2005).  

Studies show that blended learning is effective in various fields. (Wichadee, 2013) 
indicated that blended learning was effective to develop language skills. Student satisfaction 
from the four learning style groups differed significantly. In Biology teaching, Asquith, (2011) 
states that student scores who study with blended learning and face to face differ 
significantly. Yapici & Akbayin, (2012) conclude Blended learning can significantly improve 
attitudes towards the internet and contribute more to students’ learning outcomes in Biology 
than traditional learning. In mathematics learning, Lin et al., (2017) state that blended 
learning has a positive effect on learning outcomes and attitudes toward mathematics 
learning. Waynick, (2015) has investigated the effectiveness of blended learning in 
mathematics, of 12th-grade students. He found that blended learning more effective in 
increasing students’ understanding than traditional learning. In pre-calculus algebra course 
Yushau, (2006) found that students show a positive attitude towards mathematics and 
computers.  

Evidence of the effectiveness of blended learning as above is enough to be used as a 
reference to implementing blended learning methods in the mathematical physics course. 
Mathematical physics which focuses on mathematical concepts and their application in 
physics (Arslan & Arslan, 2010) has a high-level complexity. Because of that, in learning 
students need guidance through direct interaction with instructors in face-to-face learning 
activities. On the other hand, natural phenomena formula in mathematical language in the 
form of simulations and/or animations available widely and freely on the internet. Various 
media and learning resources of mathematical physics easily accessed at anytime and 
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anywhere via the internet. This means that mathematical physics can also be taught through 
blended learning methods to develop learning motivation and problem-solving abilities. 
Increased learning motivation is one indicator of the effectiveness of learning strategies. 
Meanwhile, problem-solving skills are the ultimate goal of mathematics physics courses. 

Motivation to learn is a process that gives enthusiasm, direction, and persistence in 
behavior (Santrock, 2007). Motivated behavior is behavior that is full of energy, directed, and 
enduring. Oxford Dictionary, (2013) define motivation “as the desire or willingness to do 
something, the condition of being eager to act or work, the power or influence that causes 
someone to do something”. Motivation consists of internal and external motivation. Intrinsic 
motivation is motivation to do something for the sake of something itself (own goals). 
Extrinsic motivation is motivation wherein doing something to get something else (a way to 
meet a goal), it is often influenced by external incentives such as rewards and punishment. 
Student motivation levels will be reflected in their involvement and contribution to the learning 
environment (Gopalan et al., 2017). Mazumder, (2014) states “to succeed in higher 
education, a learner must develop a higher level of motivation towards learning and develop 
proper strategies to meet their respective goals”.  

Problem-solving is one of the primary goals of physics courses (Shishigu et al., 
2018).  Toluk & Olkun (Çaliskan et al., 2010) define “problem-solving as a cognitive process 
that requires memory and uses it to choose the right activities and work systematically”. 
Problem-solving is the process to find the solution of problem.  Polya quoted by (Cildir, 2019) 
state problem-solving consists of four-stage, namely: (1) understanding the problem, (2) 
state the solution plan, (3) execute the plan, and (4) evaluate the results. Heller et al., (1992) 
describes more detail the problem-solving in physics into five stages namely: (1) 
understanding problems, (2) the ability to describe problems into physical descriptions, (3) 
formulating physical phenomena into mathematical problems, (4) planning solutions, (5) 
executing solutions, and (6) testing the correctness of the solution. Problem-solving can 
include operating a mathematical system or operating system involving critical thinking skills. 
The problem of mathematical physics is a mathematical proposition about physical 
phenomena that must be solved.  So, to solve mathematical physics problems in addition to 
understanding the problem-solving steps students must also understand the physical 
phenomena that are represented through mathematical language. 

The aim of this study is to analyze the effectiveness of blended learning in increasing 
prospective physics teacher students learning motivation and problem-solving ability. The 
effectiveness of blended learning in this study is measured by the difference in students’ 
learning motivation and problem-solving ability between before and after treatment. The 
questions of the study that will be answered are: (1) is there a difference in prospective 
physics teacher students’ learning motivation between before and after blended learning? 
And (2) is there a difference in prospective physics teacher students’ problem-solving ability 
between before and after blended learning? 

 

2. Method 
The one-group pre-test-post-test design was used to answer the research questions. 

There were 14 prospective physics teacher students participated in this study. They took the 
mathematical physics course in the third semester of the 2019 academic year. Blended 
learning was carried out with a portion of 70% face-to-face and 30% online with Google 
Classroom platform. 

The data collected in this study were the prospective physics teacher students’ 
learning motivation and problem-solving ability score. Both data were collected by the test 
technique. Learning motivation data were collected by the questionnaire that includes 5 
dimensions, namely (1) self-efficacy, (2) active learning strategy, (3) learning values, (4) 
performance goals, (5) achievement goals, (6) learning stimulation environment. Each item 
of the questionnaire consists of 5 alternative answer choices, namely: strongly agree, agree, 
fairly agree, disagree, strongly disagree. Scores for each alternative answer choice are as 
follows: strongly agree =5; agree= 4, fairly agree= 3, disagree= 2, and strongly disagree=1. 
The reliability of this questionnaire is r=0.83. The data of problems solving ability scores were 
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collected by problem-solving ability test, which has a reliability index r= 0.80. This test in the 
form of essays consisting of 5 items. The scoring for each item based on problem-solving 

aspects namely (1) problem visualization, (2) mathematical description, (3) plan of the 

solution, (4) executed the plan; and (5) check of the solution. 
Data on prospective teacher students’ learning motivation and problem-solving 

abilities were analyzed with non-parametric statistics and descriptive techniques. Descriptive 
analysis was performed to describe the mean score and standard deviation (SD). The level 
of the mean score qualification was determined by criteria as shown in Tabel 1. 

 
Table 1. Mean Score Level Criteria 
 

Interval mean score Level of qualification 

85- 100 very high 
70- 84 High 
55- 69 Medium 
45- 54 Low 

<45 very low 

 
There are two null hypotheses tested in this study, namely: (1) there is no difference 

in the learning motivation of prospective physics teacher students between before and after 
blended learning, (2) there is no difference in the problem-solving of prospective physics 
teacher students between before and after blended learning. The research hypotheses were 
tested with non-parametric statistics, the sign test. The formula is  

   

 

−
=

X
Z

 

 
Where, μ = np, with n = number of samples, and p = probability of obtaining the sign 

(+) or (-) = 0.5 
 
            X = number of positive signs minus 0.5 
 

            npq= , with q = 1-p = (0.5) 

 
Hypotesis testing was done at a significant level of 5%. H0 is rejected if Z > Zα (Critical value). 
  
 

3. Results and Discussion  
Table 2 shows the summary of students’ learning motivation and problem-solving 

ability data analysis.  

Table 2. The summary of data analysis 

Variabel Pre-test Post-test Z value 

Mean SD M SD Calculated Z Standard Z 

Learning Motivation 67.21 5.45 74.98 5.93 3.43 1.96 

Problem Solving Ability 33.43 4.09 63.54 2.35 3.43 1.96 

 
From Table 2 appears the pre-test score mean of students’ learning motivation was 

=67.21 (SD=5.45), which was at a low level, and the post-test mean score =74.98 (SD=5.93), 
which was at a high level. These evidences indicate that blended learning method can 
increasing students learning motivation from the low level to the high level. The one-sided 
sign test indicated that the calculated Z value ZC =3.42. In this case, ZC>1.96 at the 
significance level of 5%. This means that the null hypothesis which states “there is no 
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difference in students' learning motivation between before and after blended learning” was 
rejected. In other words, there was a significant difference in the learning motivation of 
prospective physics teacher students between before and after blended learning.  

In detail the post-test score means of the dimensions of students learning motivation 
can be seen in Figure 1. 

 

 
Figure 1. The Post-test Score Mean of Learning Motivation Dimensions 

 
Figure 1 shows that there were increases of all of the learning motivation dimension 

mean score from before the treatment and after treatment. This consistent with the 
increasing of learning motivation in general. From these facts, can be concluded that blended 
learning can increasing prospective physics teacher students’ learning motivation on 
mathematical physics course. 

Table 01 also indicates the pre-test mean score of students’ problem-solving ability 
was =33.43, with SD=4.90, which was a very low level. Meanwhile, the post-test mean score 
was =63.54, with SD=2.35, which was at a medium level. These facts indicate that blended 
learning methods can increase students’ problem-solving from the low level to the medium 
level. All students can pass the prescribed limit of 60.0. The one side sign test indicates that 
the calculated Z was 3.42, where the Zα>1,96 at a significant level of α=0.05. This evidence 
indicates that the null hypothesis which states “there is no difference in students' problem-
solving ability scores between before and after blended learning” was rejected.  In other 
words, there was a significant difference in the score of the problem-solving ability of 
prospective physics teacher students between before and after blended learning.  

Figure 2 shows problem-solving ability mean score for each dimension namely: 
dimension 1= problems visualization, dimension 2= physics/mathematics descriptions, 
dimension 3= plan of solution, dimension 4=execute the plan, and dimension 5= check the 
solution. 

In Figure 2 appears that there were increasing all of the problem-solving ability 
dimensions from before the instruction to after the instruction. Before the instruction, all 
dimensions were at a low level. But, after the instruction, except dimension 1 (visualization) 
all the other dimensions were at a medium level. The highest mean score occurs at the 
problem visualization dimension, which was at a high level, and the lowest mean score 
occurs at the check the solution dimension. From these finding can be concluded that 
blended learning increasing students’ problem-solving ability. 
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Figure 2. The Mean Score of the Dimensions of Problem-Solving Ability 

 

 
The enhancement in learning motivation of prospective physics teacher students can 

be seen as a result of the positive response of students to blended learning. The interview 
results state that by online assignments students can increase their discipline, discuss online 
more freely without having to feel uncomfortable with classmates, study at any time and 
wherever, and access material online from various sources. Positive responses of students 
not only have an impact on increasing prospective physics teacher students’ learning 
motivation but also increasing prospective physics teacher students’ problem-solving 
abilities. 

Through blended learning, learning carried out in offline or online mode, lecturers, 
and students get more time to discuss issues in class. Some topics can be studied online, 
while topics that feel heavy are learned face to face activities. By online learning students 
can access the various learning material, and interact to other students and teachers via 
various media quickly and easily, while through face-to-face learning, students get the 
guidance needed through direct social interaction (Uğur et al., 2011).  

Blended learning provides broader, more complete, and freer communication 
coverage than traditional learning. With blended learning, students get strengthening 
professionalism in developing self-qualities such as self-motivation, self-responsibility, and 
self-discipline. Self-motivation, responsibility, and self-discipline are critical determinants of 
learning success. Through blended learning, students can learn according to their rhythm. 
They can learn wherever and whenever they want. Blended learning increases the 
involvement of students in learning (UNESCO, 2017), provide a wider range of educational 
opportunities for students (Krasnova & Shurygin, 2019). The higher the involvement of 
students in learning, the learning outcomes tend to be higher. This form of blended learning 
helps balance learners' knowledge in groups through independent learning and assignments 
provided for learning and done by the instructor. There is an opportunity for students to train 
at a better level, to learn more complex material. So, the principle of individual approach for 
students can be achieved. 

The findings of this research are supported by several studies such as (Alsalhi et al., 
2019; Ceylan & Elitok Kesici, 2017; Ekosiswoyo, 2016; Fazal & Bryant, 2019; Harahap et al., 
2019; Hesse, 2017; Kazu & Demirkol, 2014; Lee et al., 2016; Oweis, 2018; Vernadakis et al., 
2012; Yapici & Akbayin, 2012). They showed that students’ learning achievement who get 
blended learning are higher than those who study traditionally or face-to-face learning. In 
mathematics learning for Junior High School Students, Tseng et al., (2014) found that 
blended learning is significantly more effective than traditional learning. Blended learning can 
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develop the character of preservice mathematics teacher students (Fisher, D. & Kusumah, 
2018).  

Concerning learning motivation and attitude, (Ghazali et al., 2018; Lin et al., 2017; 
Oweis, 2018; Yushau, 2006) found that blended learning can develop students’ motivation 
and attitude. Hesse, (2017) found that blended learning is effective in increasing the 
involvement, learning outcomes, and students' perceptions of learning. Students also 
develop other skills such as the ability to self-peace and self-direction. Maskar & Wulantina, 
(2019) found that students feel Blended Learning makes the learning process interesting, 
effective, fosters motivation, fosters an attitude of independent learning, active, and creative, 
improve students' understanding, and learning outcomes.  

The research evidence above is empirical support for the effectiveness of blended 
learning in a mathematical physics course in the context of developing learning motivation 
and problem-solving abilities. Base on this evidence, it is recommended blended learning in 
various subjects, to make learning more efficient, easily accessible, and improve students' 
ability to apply information technology. Behind the success of proving the effectiveness of 
blended learning in this study, there are some weaknesses that can reduce the validity of this 
study. First, the weaknesses of the research design. The design of this study is the one-
group pre-test post-test design. This design is not able to control other variables that can 
affect student learning outcomes, so whether this learning outcome is really only caused by 
the treatment given, it still needs to be further investigated. Second, the limitations of blended 
learning tools. In this study, the teaching materials provided are only textbooks, modules, 
lecture dictates, and sources downloaded from internet links. While there are no learning 
media developed according to the characteristics of participants. Third, the research time is 
relatively short because it follows the university's academic calendar. As a result, the 
mathematical physics topics used in blended learning was relatively limited. To apply 
blended learning, it is very important to find the characteristics of learning material, so that 
the learning material is suitable for online and face to face learning. This identification has 
not yet been carried out comprehensively and automatically not all of the mathematical 
physics topics have been taught with blended learning. Fourth, in this study student learning 
styles were not considered in the design and application of blended learning. Each student 
has their learning style that may be suitable for blended learning. 

 

4. Conclusion 
This study has combined face-to-face learning and online learning and tested its 

effectiveness in increasing students' learning motivation and problem-solving ability. 
Referring to the results of this study can be concluded: (a) The implementation of blended 
learning in mathematical physics course effective in developing prospective physics teacher 
students’ learning motivation (b) Blended learning method effective in developing prospective 
physics teacher students’ problem-solving ability. The mean score of prospective teachers’ 
students’ learning motivation was increasing from medium level to a high level. Likewise, the 
problem-solving ability increased from low to moderate levels. Through Blended learning, 
students can learn flexibly anywhere and anytime, manage their learning environment 
individually, and access learning material from various sources by using various media. 
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