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Abstract: Study on the development of computational-based visualization method 

in Physical Chemistry practical course has been carried out. The study was carried 

out by combining the conventional method and the visualization using the 

software. This combination class then was compared to the conventional class of 

the practical course. The cognitive evaluation showed that the distribution of 

students’ understanding for the supporting theory of the practical course was not 

significantly different. The students had relatively the same level of understanding 

regarding the supporting theory. The evaluation of learning outcomes and the 

distribution of final grade showed that the class which combined the conventional 

and visualization method gave a positive result in the learning process 
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1.  Introduction 

Physical Chemistry practical course is a compulsory course for the students in 

Chemistry Department of Universitas Islam Indonesia. This course is given in the 

second year, aiming at giving the soft skill related to the laboratory work for the 

students. Through this course, students are expected to achieve the basic competency 

which is the ability to apply the theories of Physical Chemistry related to energy, 

reaction rate, and thermodynamics.  

The learning process of Physical Chemistry practical course often does not give a 

satisfying theoretical description for the students. Thus, the American Chemical Society 

and the Journal of Chemical Education are making the development of the learning 

process for Physical Chemistry a focus in Chemistry learning process so that the 

learning process of Chemistry can be conducted more comprehensively (Ango, 2002; 

Cook, 2006; Gilbert et al., 2007; Davrut 2008). 

One of the problems related to the learning process of Physical Chemistry practical 

course faced by Chemistry Department of Universitas Islam Indonesia in the year 2015 

is that approximately 80% - 90% of the students did not understand the theories that 

support the practical course. Therefore, a new method that can give an easy-to-

understand explanation related to the theory is needed. In this study, the development of 

visualization method is used to increase the students’ understanding related to the 

theories that support the Physical Chemistry practical course.  
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2.  Literature Review  

Physical Chemistry course is often assumed to be more difficult than other courses in 

Chemistry. There are many physical and mathematical approaches used to explain the 

chemical phenomena or a reaction. The limited learning facilities make the Physical 

Chemistry learning process more difficult. Many efforts have been carried out to 

increase the appreciation, interest, and understanding of the students for the course 

above (Zielinski and Schwenz, 2004; Hanisa, 2012; Fatichatul, 2014).  

The Crystal software is one of the software in Physical Chemistry and is developed 

for the visualization of thermodynamics, kinetics, and energy. This software can convert 

the equation and physical parameters into a numerical form which is much easier to 

understand (Hasruddin, 2009; Ozqelen, 2012). The use of the computational-based 

visualization approach in the design of the learning process of Physical Chemistry 

practical course focuses on giving the theoretical concept, Thus, the quality of students’ 

understanding can increase (Arad and Blonder, 2010). In this study, the development 

concept is carried out for an improvement for the development of the Physical 

Chemistry practical course substance. Also, the computational-based visualization 

method is used in the learning process. The computational-based visualization method 

given at the end of each practical course session is expected to increase the students’ 

understanding related to the supporting theory of the practical course, and those theories 

can be firmly entrenched in their understanding.  

3.  Method 

The study was conducted in Chemistry Department, Faculty of Mathematics and 

Science of Universitas Islam Indonesia, Yogyakarta. The study was conducted for four 

months, starting from August to December 2016. The subject of the study was the third-

semester students. The Physical Chemistry practical course classes were divided into 

two classes. One class was conducted using the conventional method for teaching 

Physical Chemistry practical course, and the other used the combination between the 

computational-based visualization and the conventional method.   

The applied learning model refered to the curriculum for Physical Chemistry 

practical course in Chemistry Department of Universitas Islam Indonesia as given in 

Table 1. The visualization method used the Gaussian09 and Crystal14 software. These 

software helped the students to generate the theoretical data and compare them to the 

data they got from the laboratory work. The students would gain an experience related 

to the learning process for laboratory soft skill and ability to operate the computer for 

supporting the basic theory of the practical course. 

 

Figure 1. Design of the Development Method 
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Table 1. Physical Chemistry Practical Course Topics 

No. Practical Work Computational and practical Approach 

1 Thermochemistry  

2 Isotherm adsorption  

3 Viscosity and activation energy   

4 Solubility as the temperature 

function  

 

5 Kinetic of phenolphthalein 

solubility in alkaline solution 

 

 

The stages of learning model include: 

1. Preparation  

The evaluation of students’ understanding of the basic theories that support the practical 

course was conducted using CBCE (Computer Based Competence Evaluation) system. 

This aimed to know how far the students have understood the theories in Physical 

Chemistry and the software as well as the multimedia technology. The evaluation in this 

stage resulted in the cognitive data of the students related to the program. 

2. Laboratory work  

In this stage, the conventional and the combination classes were given the same action 

that is the students must conduct the laboratory work according to the given topic as 

listed in Table 1. 

3. Computational practical work 

The students in combination class were given the materials and special training to be 

able to operate the software for the simulation of the practical course they have 

previously conducted. The students in the conventional class were not given those 

actions. In this stage, the author can evaluate the physio motoric of the students 

regarding the given program.  

4. Evaluation 

At the end of the program, the evaluation by involving both classes was conducted. 

With the same evaluation method, the data regarding the success of the program based 

on the previously set indicators. 
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Figure 2. Design of the class  

The output of this evaluation is SAP (Course Plan), RPS (Course Plan for One 

Semester), module, etc. 

4.  Result  

The evaluation of students ability related to the computational practical work is given in 

Figure 3.  
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Figure 3. Evaluation of the computational practical course 

Figure 3 shows the evaluation of the students’ response to the given visualization 

methods.  

 

Figure 4. Evaluation of the Final Program 
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analysis of data and information 

from the instruments  

obtained data. 

3 LO 19: Having an ability to use 

software to perform analysis and 

synthesis in physical chemistry  

Computational-visualization Practical Work Students are able or not 

able to use the software  

4 LO 23: Understanding and 

mastering the analytical skills in 

physical chemistry  

Solubility 

Question:  

1. How is the theoretical principle of viscosity? How 

is the viscosity determined in the experiment of 

viscosity and activation energy? 

1. Knowledge 

2. Students’ 

Understanding 

 

Table 2 shows the assessment for the attainment of learning outcomes and Figure 5 

shows the distribution of the final grade for Physical Chemistry practical course.      

 

Figure 5. Final Grade for Physical Chemistry Practical Course 
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students in operating the software and modifying the data according to the procedures of 

the experiment. Figure 3 shows the evaluation of the students in responding the given 

visualization methods. There are only 5 data of experiments as listed in Table 1. For the 

critical micelle concentration and enthalphy of gelatine in various temperature, the 

software are unable to perform the modeling on the evaluation of molecular dynamics. 

In thermochemistry, adsorption isothermal and solubility as a function of temperature 

experiments, the response of the students in conducting the independent practical course 

to obtain and interpret the data seems good. However, in the experiment of viscosity and 

activation energy and the experiment of the kinetics of phenolphthalein dissociation in 

alkaline solution did not run as expected. This is because, in those experiments, an 

advanced skill in inputting data into the software is needed, while the students will take 

the course related to data inputting using computational software in the next semester 

(4
th

 semester). 

The evaluation of learning outcomes attainment was conducted at the end of the 

program through final test method. This evaluation was conducted to assess the success 

level of the program as well as the learning outcomes attainment. Figure 4 shows the 

evaluation of students’ ability in answering the theoretical questions related to the 

practical course they have conducted in the laboratory. It is seen that there is an increase 

in the ability of the students, in which the visualization method is applied, to answer the 

supporting theories of the practical course.  

The attainment of the course learning outcomes of both classes was compared. Table 

2 shows the assessment for learning outcomes attainment and Figure 5 shows the 

distribution of the final grade for Physical Chemistry practical course.      

6.  Conclusion 

The synchronization between theories and laboratory work for Physical Chemistry 

practical course can be performed using the computational-based visualization method. 

The success of the program can be seen from the result of the cognitive and phsyo 

motoric evaluation of the students. The use of the facilities in the computational 

laboratory gives a positive value for the learning process in Physical Chemistry practical 

course.  
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