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Abstract: In college computer teaching, teachers should not only pay attention to the 

teaching of basic knowledge, but also guide students to train their computational thinking. 

Therefore, college computer teachers should actively update their teaching idea, constantly 

innovate teaching methods, adopt novel computational thinking teaching methods, pay 

attention to the combination of basic computer knowledge and various application software, 

cultivate students' computational thinking ability and practical ability, guide students to 

think and explore at multiple levels, and improve students' information quality. In college 

computer courses, "the conversion between different bases" is a difficult and key point in 

teaching. Through discussion with other teachers in the computer medicine team, we 

realized the transformation from problems to computational thinking by using calculators 

and Excel formulas, and gave teaching examples. At the same time, Python programming is 

used to realize the deep expansion training of computational thinking from problems to 

codes. Through this progressive teaching method, the students' understanding of decimal 

conversion to binary is deepened and the computational thinking ability of medical students 

is improved. 

1. Introduction 

Computational thinking is one of the most critical information core literacy of college students of 

all majors, and it is very helpful to cultivate the innovation ability of medical students. What is 

computational thinking? At present, there is no standard definition of computational thinking in the 

field of education. This is the fundamental problem of computational thinking, and the research on 

it has been continuing. George Polya proposed calculation and the corresponding way of thinking in 

1945 [1]. In 2006, Professor Wing defined computational thinking as a series of thinking activities 

covering the breadth of computer science that apply basic concepts of computer science to problem 

solving, system design, and understanding of human behaviour [2]. In 2011, the International 

Society for Technology in Education (ISTE) and the Computer Science Teachers Association 

(CSTA) more accurately defined computational thinking as a problem solving process with six 

characteristics. First, formulate solutions to problems so that computers and other tools can be used; 

Second, reasonably organize and analyse data; Third, data are represented by abstract means such as 
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models and simulations; Fourth, realize the automation of solutions through algorithmic thinking; 

Fifth, analyse and evaluate solutions to achieve the most effective combination of processes and 

resources; Sixth, transfer problem solutions and processes to other types of problems [3]. The 

International Association for the Evaluation of Educational Achievement (IEA) also explains the 

definition and structure of computational thinking: computational thinking refers to the ability of 

individuals to identify all aspects of real world problems that are suitable for formula calculation, 

evaluate and form algorithm solutions to solve these problems, and ensure that the solutions can be 

operated by computers [4]. By learning the definition of computational thinking, teachers can 

improve their understanding of computational thinking and students' ability to apply computational 

thinking when facing practical problems in practical teaching and learning. How to develop a 

scientific and reasonable computational thinking scheme to improve the teaching effect of 

university computer courses and Python programming courses is a painful problem facing public 

computer teachers. Let's take the teaching difficulty of "conversion between different bases" as an 

example to introduce the comprehensive teaching reform experience of our computer medicine 

teaching team. 

The remainder of the paper is structured as follows. In section 2 we explain the conversion 

between different bases. Section 3 describes three approaches and related tools. Section 4 provides 

our conclusion. 

2. Background 

In a computer system, all data is represented in binary form. However, binary has many 

disadvantages when representing a large number. For example, there are many digits, writing is 

easy to make mistakes, and recognition and memory are difficult. Therefore, when people write 

computer programs, they often write them as corresponding hexadecimal or octal numbers or 

familiar decimal numbers. When students learn about data representation in computers, the 

computer teacher needs to explain the conversion between binary, octal, decimal, and hexadecimal 

numbers. There are many conversions between different bases. For instance, decimal numbers are 

converted into binary numbers, binary numbers into decimal numbers, binary numbers into octal 

numbers, octal numbers into binary numbers, binary numbers into hexadecimal numbers, 

hexadecimal numbers into binary numbers. Different transformations have different approaches. As 

there are many methods, for the sake of simplicity, we will only take the following method of 

converting decimal numbers into binary numbers as an example. Generally speaking, when 

converting a decimal number to a binary number, you should convert the integer part and the 

decimal part separately, and then combine them. Firstly, we introduce the method of converting a 

decimal integer to a binary integer. The name of this method is "inverse sorting mod by two". The 

concrete step is to divide the decimal integer by two successively until the quotient is zero, and then 

arrange the remainder from the bottom to the top to get the converted binary number. For example, 

convert the decimal integer 75 to a binary number. The method of inverse sorting mod by two is 

adopted, and the calculation process is shown in Figure 1 (a). So the answer to this example is 75D

＝1001011B. Secondly, we explain how to convert decimal to binary decimal. The name of this 

method is "multiply two to get integer and arrange in order". The specific methods are: multiply 

two by the decimal fraction to get a product, which includes the integer part and the decimal part; 

Take out the integer part of the product, and then multiply two by the remaining decimal part to get 

a new product; Then take out the integer part of the product, and continue to multiply two by the 

remaining decimal part; In this way, the integer part is taken out every time, and then the decimal 

part is multiplied by two until the decimal part in the product is zero or the required precision is 

reached. Then, the decimal parts are arranged in order. The first integer is the high digit of the 

91



 

binary decimal, and the integer taken later is the low digit, so that the binary decimal can be 

obtained. For example, convert decimal 0.625 to binary decimal. With the above method, the 

calculation process is shown in Figure 2 (a). So the answer to this example is 0.625D = 0.101B. 

3. Approach 

When teachers teach the conversion between different bases, there are the following pain points: 

First, the calculation method is still manual calculation, and students have low enthusiasm for 

learning. Second, when the data is slightly large, the calculation is tedious and prone to calculation 

errors. After discussion and exploration, we successfully solved these pain points through three 

teaching reform approaches. 

3.1. Using the Windows Calculator to Solve the Problem 

To solve the problem that converting decimal integers to binary numbers needs manual 

calculation, the calculator application in Windows operating system can be used to improve 

students' learning enthusiasm. The first example converts the decimal integer 75 into a binary 

number using a calculator. The specific steps are as follows. Firstly, open the calculator program in 

the Windows operating system. The operator clicks Start Menu, All Programs, Accessories, and 

Calculator in turn. Secondly, enter the decimal integer 75. Click the View menu, Programmer, 

Decimal radio button, and then click the 7 and 5 command buttons. Thirdly, calculate the binary 

number corresponding to decimal integer 75. Click the Binary radio button. You should see the 

result of your calculator 1001011 in the text box. The key steps for this example are shown in 

Figure 3. 

 

 

(a) Traditional teaching method (b) Innovative teaching method 

Figure 1: Comparison of teaching methods for converting decimal integers to binary numbers 

3.2. Using Excel Formulas to Solve the Problem 

The use of calculators has solved the problem of students' enthusiasm for learning, but this 

method cannot reflect the calculation thinking of "inverse sorting mod by two". For this reason, our 

teachers in the computer medicine teaching and research team have improved by discussing and 

using INT function and MOD function in Excel application software [5-8]. INT function is used to 

round a number to the nearest integer [5-6]. MOD function returns the remainder of two numbers 

after division [7-8]. 

The first example is converting the decimal integer 75 to a binary number. The traditional 

teaching method is manual calculation. See Figure 1 (a) for details. Firstly, open the Excel 

application. Secondly, enter the corresponding contents in turn into the cells with the green 

background, as shown in the right picture of Figure 1. Thirdly, enter the formula =INT(B2/A2) into 

cell B3 and formula =MOD(B2, A2) to cell C3 respectively. Drag the mouse to select B3 and C3 
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cells, namely the blue area, and then drag down the filling handle to fill other cells. The calculation 

results obtained are shown in B3:C9 on the left side of Figure 1(b). F3:G9 area is B3:C9 formula 

used to represent, which plays an illustrative role in actual teaching. 

  

(a) Traditional teaching method (b) Innovative teaching method 

Figure 2: Comparison of teaching methods for converting decimal to binary fraction 

This innovative teaching method can well reflect the calculation rule of "inverse sorting mod by 

two ". This is a method suitable for training computational thinking. Compared with the traditional 

teaching method, this method can play a good role in training students' computational thinking. As 

an exercise, students can calculate the binary number corresponding to decimal integer 170. 

The second example is to convert the decimal 0.625 to a binary fraction. The traditional teaching 

method is manual calculation. See Figure 2 (a) for details. This problem cannot be calculated with 

the calculator of Windows operating system, because the programmer mode of the calculator only 

has the function of integer conversion, not decimal conversion. This pain point problem can be 

solved by exploring IF function of Excel application software [8-10]. The IF function is one of the 

most commonly used functions in Excel. It makes logical comparisons between cell values and 

expected values. The return value of IF function can be in two cases. The first case is true, if the 

logical comparison is true, the second case is false, if the logical comparison is false. The specific 

solution for the second example is shown in Figure 2 (b). Firstly, open the Excel application. 

Secondly, enter the decimal you want to calculate into the cell with the green background. Thirdly, 

input the formula =IF(A1*2>=1, A1*2-1, A1*2) into cell A2 and the formula =IF(A1*2>=1, 1, 0) 

to cell B2 respectively. Drag the mouse to select cells A2 and B2, namely the blue area, and then 

drag down the filling handle to fill other cells. The calculation results obtained are shown in A2:B4 

on the left side of Figure 2(b). The D2:E4 region is represented by the formula used in A2:B4, 

which plays an explanatory role in practical teaching. 

  

Figure 3: Convert decimal integer 75 to binary number 

3.3. Using Python Programming to Solve the Problem 

For the problem of converting decimal integers to binary numbers, the disadvantage of using 
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Excel's formula is that the division times of decimal integers cannot be controlled. It is a semi-

automated method. In order to further improve the calculation efficiency, we used Python language 

to improve it again. Since the decimal integer input is uncertain, the number of divisions is also 

uncertain. It is suitable to use while loop to solve the problem when the number of cycles is 

uncertain [11]. The reverse sorting problem can be solved in python using the reverse method of list 

[12]. The Python program code is shown in Figure 4(a). The test results using the first example are 

shown in Figure 4(b). 

 

 

(a) code (b) test 

Figure 4: Code and test for converting decimal integers to binary numbers 

For the problem of converting decimal numbers to binary numbers, the method of using Excel 

formulas is also a semi-automated method. To solve the problem of judging 0 and 1, we use the if 

else statement in the while loop [13-14]. The Python program code for converting decimal to binary 

is shown in Figure 5(a). The test results using the second example are shown in Figure 5(b). 

 

 

(a) code (b) test 

Figure 5: Code and test for converting decimal to binary fraction 
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4. Conclusions 

The example problems in teaching are mostly verifiable example problems, with little or no 

innovative content, and students' enthusiasm to participate in learning is not high, resulting in poor 

teaching effect, this situation has become more and more unable to meet the cultivation of college 

students' information quality in the new era. In recent years, computational thinking has attracted 

much attention, and the combination of various computer applications is undoubtedly a very 

effective way in many teaching innovation practices. The organic combination of teaching content 

and application software can actively mobilize students' interest in practice, greatly improve 

students' learning initiative, and effectively improve the teaching quality. Through the analysis of 

the teaching content and the correct learning guidance of a variety of application software, students' 

innovative spirit and computational thinking ability can be cultivated, and students' scientific 

research ability can be improved so as to realize the cultivation of high-quality medical talents in a 

real sense. 
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