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Abstract  
Traditionally, textbooks for Statics in Engineering request the final answers of the exercises without 
providing a guide for the students to verify step by step their procedure with partial answers, so that a 
virtual platform was used to implement multiple-choice questions with single response as an 
alternative to guide students in the solution of exercises. This work presents the use of the learning 
management system, Moodle, with embedded answers (cloze) to program the topics of the course 
through exercises and apply assignments and tests with multiple-choice questions with single 
response methodology, as a result, we compared exercises developed in the platform with exercises 
on the book about structures of engineering, and it is obtained a better procedural guide for students. 
In conclusion, it can be said that the method used in the Statics course in EAFIT University is a good 
pedagogical practice because students can perform a partial verification of the answers 
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1 INTRODUCTION  
Statics is a basic course in the training of engineers and is included in the curriculum of most 
engineering programs [1]. The difficulty in his learning has been widely studied and requires attention 
because it is a basic course  for Dynamic, Mechanics of Materials, and in a level advanced, design of 
technical systems and structures [2], [3]. The final purpose of Statics is to analyze the conditions of 
balance of a structural system applying the physical concepts of mechanics, assuming that the bodies 
are rigid. To evaluate the achievement of this purpose, it is necessary to show that, given a physical 
system, the student knows how to identify the external forces and determine the relationship between 
them. 

Statics evaluates by means of the solution of exercises that allow to evidence the learning of the 
students [4], these exercises are usually taken from traditional textbooks [5], [6] which require the final 
answers of the exercises and do not allow students partial answers to ensure their procedure. An 
example, which is taken in this work, is to determine the shear force in a conventional pruner [5]  to 
show the strategy of guiding the student in his procedure through multiple-choice questions with single 
response that allow to confirm the answers and motivate  him to continue until the final solution or to 
return to verify some failure. 

To study physical sciences, as Statics, it is common to find works developed in virtual platform to 
support teaching and learning processes. In particular for Statics course, literature shows works that 
review the implementation of virtual platforms and its efficiency to improve student performance [7],  
[8], for this reason a virtual environment is used in Moodle that allows embedded answers (cloze) to 
program multiple questions for the same exercise or task. 

With respect to multiple-choice questions with single response, their application is extended in several 
contexts of learning and and they are one of the most common alternatives for summative or formative 
evaluations [9]. Although multiple-choice questions can affect the development of argumentative and 
writing skills [10 ], it is not a problem that affects its application in Statics because the course is based  
on mathematical and interpretive procedures, which allows to use this type of questions to guide the 
student through partial answers. 

2 METHODOLOGY 
In order to compare the methodology of the traditional textbooks versus the administration of the 
exercises in a virtual platform with a strategy to verify procedures in a partial way as proposed in this 
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work, it is selected an exercise of the theme "Frames and Machines" which has the following 
statement [6]: 

“The pruner multiplies blade-cutting power with the compound leverage mechanism. If a 20-N force is 
applied to the handles, determine the cutting force generated at A. Assume that the contact surface at 
A is smooth.” 

In addition to this, the exercise has a graphic with the dimensions and positions to analyze based on 
the laws of mechanics, Fig. 1 shows the pruner: 

 
Figure 1 – Pruner from textbook (R.C Hibbeler). 

Now, from the exercise of the traditional textbook, some processes in JAVA language are performed 
to generate embedded answers (cloze)with multiple-choice questions with single response that allow 
to achieve the goal of determine the cutting force generated at A but with previous verification step by 
step the procedure by the student. 

The algorithm structure produces various versions of the questions and generates the archive with the 
tasks to be provided to students on Moodle [11]; it changes variables previously defined in a process 
presented in Fig. 2:  

	  
Assigning	  values	  to	  variables	  

Context	  generation	  and	  graphic	  for	  a	  
generic	  problem	  

Task	  statement	  

Programming	  task	  solution	  

Programming	  of	  incorrect	  options	  

Writing	  task	  in	  a	  compatible	  
format	  with	  LMS	  platform	  	  (cloze)	  

	  
 

Figure 2 - Algorithm structure automatic questions generator. 
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Assigning values to variables: It uses random values for the variables in defined ranges.  

Context generation and graphic for a generic problem: Context and graphics are built according to 
variables values; in this point the question is programmed with JAVA packages. 

Task statement: The task to assess is defined, it is possible to have multiple questions with the same 
context and graphic. 

Programming task solution: The solution equations and matrixes are built and they are integrated to 
the context. 

Programming of incorrect options: From correct solution, it is changes equations intentionally with 
common students’ mistakes. 

3 RESULTS 
After implementing the exercise, you get a code that can be adapted to a learning management 
system (LMS), in this case Moodle, with the following structure that generates the exercise in the 
virtual platform: 

Embedded answers (cloze): 

“<p>Las tijeras se utilizan para cortar ramas ejerciendo fuerzas verticales de corte en las cuchillas en 
el punto A. Las tijeras est&#225n formadas por los elementos ABF, ABE, CDG y ED. Las 
dimensiones son c = 10 mm, b = 26 mm y a = 31 mm . Para que cada componente este en equilibrio 
al aplicar cargas P de magnitud 48 N en los puntos F y G, determinar:</p> <div id = 
"titulo">Marcos_19_1</div> 

<p><img style="font-size: 10pt; line-height: 1.5em;" 
src="http://pan.eafit.edu.co/moodle/draftfile.php/5/user/draft/958970206/CUsersjbarbosaDropboxProy
ecto Evaluacion EstaticaSistemaEvaluacion2ImagenesMARCOSMarcos_19.png" alt="" /></p> 

<p>1. Fuerza en el elemento axial ED:</p> 

<p>{1:MULTICHOICE:%0%100.6 N#Mal~%0%133.1 N#Mal~%0%354.1 N#Mal~%100%407.2 
N#Bien}</p><p>2. La magnitud de la reacci&#243n en el pasador C:</p> 

<p>{1:MULTICHOICE:%0%186.3 N#Mal~%0%214.3 N#Mal~%100%374.8 N#Bien~%0%431.1 
N#Mal}</p><p>3. La magnitud de la fuerza de corte ejercida en A:</p> 

<p>{1:MULTICHOICE:%100%311.9 N#Bien~%0%358.7 N#Mal~%0%545.6 N#Mal~%0%627.5 
N#Mal}</p><p>4. La magnitud de la reacci&#243n en el pasador B:</p> 

<p>{1:MULTICHOICE:%100%665.5 N#Bien~%0%765.3 N#Mal~%0%880.1 N#Mal~%0%1164.0 
N#Mal}</p>” 

Afterwards to upload the file, the statement of the exercise is shown, a graphic with the dimensions 
and points to be analyzed, and several multiple-choice questions with single response. Unlike the 
textbook, the student must find four forces and not only the cutting force, because the solution of the 
cutting force depends on finding forces that preceded it, so that the student before performing the 
whole procedure can check these forces, also the order in which the answers are required serve as a 
guide for the student to analyze how he should start his solution 

In Fig. 3 the exercise obtained in the platform is shown, in addition to varying the parameters a, b, c 
and P in the statement in the exercise, different versions are obtained for each student seeking to 
learn the concepts of Statics and not the memorization of results. 

8487



 
Figure 3 - Pruner from virtual platform. 

To verify that the exercises developed with the methodology proposed in this work guide the student 
through partial answers, Table. 1 lists the steps that students should follow for a complete solution and 
it is compared the possibility of checking the answers in the traditional book and on the platform. 

Table 1.  Verification exercise – Textbook vs Virtual platform. 

 Textbook Virtual 
Platform 

Step 1: Draw free-body diagrams by disassembling parts of the pruner No No 

Step 2: Perform summation of moments in pin C and find the force FED No Yes 

Step 3: Perform summation of forces and find the reactions on pin C No Yes 

Step 4: Perform summation of moments in pin B and find the cutting 
forcé in A Yes Yes 

Step 5: Perform summation of forces and find the reactions on pin B No Yes 

According to the information in Table 1, the textbook allows verifying 20% of the steps for a complete 
static analysis of the physical system, while the one developed in the virtual platform for the present 
work allows to verify 80% of the steps that must follow the student. 

4 CONCLUSIONS 
The methodology used to administer exercises to students through multiple-choice questions allows to 
verify a greater percentage of solution steps than the traditional textbook, which implies that the 
development of the work is a better practice. 
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The student verifies his partial answers and finds a solution of an intermediate step in the options of 
single response, he can feel confident and motivated to advance to next steps until carrying out a 
complete analysis, in case of not finding any coincidence in the offered options he can return to a 
previous step and verify his solution procedure. 

The code generated in JAVA language for cloze type questions with variable parameters such as 
dimensions and forces can be used to generate different questions for each student, which gives the 
teacher certainty that the answers will not be copied in the administration of tests. 

Future work consists in developing tools that allow the verification of 100% of the steps in solution of 
exercises of Statics and to apply the methodology proposed to other course in engineering. 
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