












  
 
 

 
 

 
Figure 4: Detailed Function for Each Symbol or Connection 

 
 

4. Functioning Tests of the Virtual Devices 
Tests are performed for manual switches first and then relay switches. 
 

4.1. Manual Switches 
 
Figures 5 to 10 show the ladder diagrams and wiring operations for six basic logic gates with 
all expected results received. 
 

 
Figure 5: AND Ladder Diagram and Wiring 
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Figure 6: OR ladder Diagram and Wiring 

 

 
Figure 7: NOT Ladder Diagram and Wiring 

 

 
Figure 8: NAND Ladder Diagram and Wiring 
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                    Figure 9: NOR Ladder Diagram and Wiring 

 

 
                                  Figure 10: Exclusive OR Ladder Diagram and Wiring 

 

4.2. Relay Switches 

 

Numerous relay-control-related ladder programs were tested with all expected results 

received. Figure 11 is a simple program for NO and NC contacts. When push button A is 

not pressed, L1 should be off and L2 should be on as shown in the figure. Figure 13 

shows that both contact relays Y and L1 are on and the display LED L2 is off when A is 

pressed.  
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Figure 11: Normally Open and Normally Closed Contacts 

 
Figure 12: L1 Is Off and L2 Is On when Push Button A Is Not Pressed 

 

 
Figure 13: L1 Is On and L2 Is Off when Push Button A Is Pressed 

 

Figure 14 shows a memory-seal ladder diagram. In this case, when push button A is 

pressed and released immediately, Y is on and stays on until another push button B is 

pressed. Figure 15 shows the expected result in the wiring. The system resets when B is 

pressed.  
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Figure 14: Memory-Seal Ladder Diagram 

 

 
Figure 15: Y and L2 Are On When A Is Pressed and Released Immediately 

 

4.3. Easy Access for Students 

 

As the virtual laboratory is placed on the website, students can access the software 

through PCs, tablets, and iPhones, etc. Figure 16 shows that the software can run in a 

Windows 8 tablet.  
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Figure 16: Run the Software through a Windows 8 Tablet 

 

5. Classroom Tests 

 

The hands-on software was firstly tested in an on-campus class as there was no distance-

education class scheduled at that time. Table 3 shows the results of survey questions. 

 

Table 3: Results for Survey Questions 
5: strongly agree; 4: moderately agree; 3: agree; 2: partially agree; 1: disagree completely 

Survey Questions Results 

1. The software helps me gain the knowledge in logic-gate wiring. 4.41 

2. The software saves me time to learn logic-gate wiring and improves my 

actual wiring speed significantly. 3.89 

3. The software functions almost exactly the same as the real equipment. 4.00 

4. The software is user friendly. 3.76 

5.  I would highly recommend the software when no real equipment is 

available. 4.35 

6.  It would be helpful to have a version of the software running on tablet 

computers, such as iPad, Surface, etc. 4.18 

7. I would like to have similar software for other labs. 4.35 

8. I hope the software can handle more complex logic and contain more 

instruments. 4.06 

9. I hope the software can run on Apple computers. 4.00 

 

From this survey, encouraging results were received in survey questions 5 and 7. Since 

the software was not available until the third week after the semester started, low scores 

were received in survey questions 2 and 4. As there were only seventeen students taking 

the survey, the instructor will keep testing the software the coming semesters when DE 

classes will be offered.  
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6. Summary 

 

As on-campus students can access the real equipment for their laboratory works, they can easily 

identify the differences between the real and the developed virtual-laboratory devices. The tested 

results through an on-campus class are very encouraging. In the teaching-evaluation survey of 

this class, students particularly wrote the comments, such as “Hands on computer software for 

completing class work” and “The labs were helpful”. Students also highly recommend the 

software when no real equipment is available. When combined with the approach of CD-ROM 

Labs
8
, the virtual-laboratory software can significantly reduce the hands-on issues for distance-

education programs. 
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