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An Online System to Help Students  

Successfully Solve Statics Problems 
 

 

Abstract 

 

Engineering Statics is often the first core engineering course that many students take.  Most 

students do not find it to be conceptually difficult, but are often overwhelmed by the myriad of 

small decisions that they must get correct if they are going to successfully solve a problem.  Too 

often, this causes a student to question if he/she should continue to study engineering. Described 

herein is an online computerized leaning system, called ARCHIMEDES, which helps students 

overcome the major obstacles to success in Statics. The system allows the student to draw free-

body diagrams and write free-form equilibrium equation in the same way as they would with 

paper and pencil.  At key times in the process, the system assesses the student's work and gives 

immediate feedback on the correctness, completeness, and consistency of his/her solution.  The 

instant feedback allows students to correct errors early and avoid the fruitless efforts that result 

from errors made during the early parts of a solution.  A pilot study has been conducted to 

quantitatively assess the effectiveness of the new system in helping students successfully solve 

problems in Statics; over 65% of the students felt that ARCHIMEDES helped build their 

confidence in solving Statics problems.  Additionally, 65% of the students also felt that using 

ARCHIMEDES would help them improve their grade and half wanted to have it available for the 

remainder of the semester. 

 

Introduction 

 

Engineering mechanics, comprised of Statics, Dynamics, and Mechanics of Materials, is a 

sequence of lower-division courses that are the first real problem-solving courses that many 

engineering students encounter. Most students do not find these courses to be conceptually 

difficult; they sit in lecture and feel that they understand all the material, but are unsuccessful in 

applying the methods on their own to new problems.  They are often overwhelmed by the many 

small decisions that they must get correct in order for them to successfully solve a problem.  The 

resulting frustration often causes a student to question if he/she should continue to study 

engineering. 

 

In many universities, Statics is taught almost the same way today as it was nearly two decades 

ago.  A typical Statics course consists of lectures given by a professor, in which the students are 

given the fundamental tools and techniques; lectures often include the solution of sample 

problems.  Recitation sessions follow, in which students practice solving problems, with an 

instructor available for help when requested.  Students then are supposed to hone their skills by 

solving several problems (from the book) for homework.  Several changes have been proposed to 

these methods
1,2

, with varying degrees of success. 

 

After teaching Statics for several semesters, it became clear that sometimes homeworks helped 

students as intended (usually for the good students).  Unfortunately other students rarely 

completed the problems satisfactorily.  When questioned why their work was incomplete, the 

students would often say: “I didn’t know what to do”.  After further questioning, it became 
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apparent that they actually did know what to do (or at least what to try), but they often made little 

mistakes, which caused all the rest of their work to be incorrect.  For example, having the wrong 

reactions in a free-body diagram cause the equilibrium equations to be wrong and then the 

resulting answer to be wrong.  These students quickly get frustrated that they “never” get a 

problem right, and hence tend to give up. 

 

With the proliferation of computer technology on campus and in the classroom, several attempts 

have been made to use technology to help improve the teaching approach.  These computer-

based systems fall into three groups – dissemination, demonstration, and evaluation – which are 

described in the next few paragraphs.  Note that some systems combine elements of more than 

one of the approaches. 

 

Dissemination systems
3-11

 are those in which materials are prepared by the instructor and then 

disseminated to the student, usually via the internet.  The types of information that are 

disseminated include lecture notes and slides, homework problems, and sometimes solutions.  In 

essence, these dissemination systems serve as an online textbook and do not really change the 

methods of instruction and subsequent understanding. 

 

Demonstration systems
7,12,13

 are those that give students hands-on experience with Statics 

problems.  For example, some systems pose a problem and let the student vary either the 

geometry or the forcing functions, and then observe (possibly via a plot or an animation) the 

effect of the changes.  These systems can be effective in giving students the “experience” on 

which they can build instincts and intuition, both of which are important in engineering.  

Unfortunately these systems do not help student learn “how” to set up and solve problems. 

 

Evaluation systems
7,9,10,14

 are those that pose problems to the student and then ask the student to 

respond with a short answer, usually either multiple choice or fill-in-the-blank.  Such systems are 

good at helping students with the low-level skills, such as taking the cross product of two 

vectors, but they don’t help with the overall problem-solving skills with which many students 

struggle. 

 

Described herein is a new online computerized leaning system, called ARCHIMEDES, which 

helps students overcome the major obstacles that they are likely to encounter. The key idea 

implemented in ARCHIMEDES is a just-in-time feedback process for enhanced learning of 

problem-solving strategies, especially for visually and analytically complex problems.  In the 

new system, students prepare free-body diagrams on the computer in a similar way to paper-and-

pencil solutions; the system analyzes the free-body diagrams and points out errors, omissions, 

and inconsistencies.  A help system then guides the student through suitable corrections much 

like the feedback an instructor would provide.  Once the free-body diagram is correct, the student 

enters equilibrium equations (with MATLAB-like syntax) as well as other geometric and 

trigonometric relations.  The system again checks the student's work for errors, and provides 

guidance as to how to fix the errors.  Only after all of the above is correct is the student provided 

numbers (for distances, angles, forces, etc.) and asked for a numerical result, which is checked 

for accuracy, significant digits, and units. 
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In the sections that follow, the design of ARCHIMEDES is described and a sample problem and 

its solution are given.  This is followed by a list of the checks that ARCHIMEDES makes 

together with a description of the process used to create new problems for ARCHIMEDES.  

Sections that describe the initial evaluation of the software and a pilot study follow.  The paper 

concludes with a brief summary and a description of the current limitations of the software. 

 

The ARCHIMEDES System 

 

Design Objectives 

 

The overall objective in creating ARCHIMEDES was to use the computer in order to help 

students succeed in solving problems in Statics. This overall objective led to several smaller 

objectives that guided the design of ARCHIMEDES.  Specifically, the system needed to: 

• mimic, as closely as possible, the paper-and-pencil techniques taught in class; 

• require that the student employ a good problem-solving technique.  In particular, the 

student MUST start by creating a free-body diagram, followed by appropriate equilibrium 

(and auxiliary) equations written in symbolic form, before finally computing a numerical 

solution; 

• allow the student freedom to create (almost) any valid free-body diagram and set of 

equations; 

• provide useful feedback concerning the correctness, completeness, and consistency of the 

student’s work at each step, that is, guiding the student rather than providing the correct 

solution; 

• be adaptable so that various parts of the problem-solving process could be highlighted; 

and 

• provide “statistical” feedback so that the instructor could isolate parts of the process that 

were causing the most problems for students; the instructor could then concentrate 

classroom activity to improve student performance. 

 

To meet all of these objectives, the system described in the next system was developed.  It was 

written to run on any Windows or Macintosh platform using the Tcl/Tk
15

 development 

environment. 

 

Example problem 

 

The following problem is a combination of the various tutorial examples that are provided with 

ARCHIMEDES.  The problem asks the user to solve for an internal force in a frame. 

 

When the user loads a problem into ARCHIMEDES, he/she is presented with a window such as 

shown in Figure 1.  Near the top of the window is a menu bar, a set of buttons, the problem 

statement, and a diagram.  Note that the forces, couples, and geometry of the problem are 

described symbolically; this forces the student to solve the problem symbolically up until the last 

step in the process. 

 

The free-body diagram must be completed and checked by ARCHIMEDES before equilibrium 

equations may be entered.  Then, ARCHIMEDES must check equilibrium equations before the 
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down) and often include directions along and normal to the member.  The user can use any name 

for the reaction, as long as it starts with a letter and contains only letters, digits, and the 

underscore. 

 

Figure 2 shows the screen after the student has added the necessary forces to the diagram and has 

pressed “Check FreeBody”; at this point, ARCHIMEDES has checked that the added reactions 

are correct, complete, and consistent.  For example, since point A is a roller, the only allowable 

force is either up or down.  Similarly, point E is pinned and hence the user must add (any) two 

orthogonal reactions; there are actually 8 different combinations of reactions at the pinned joint 

at E that are allowed by ARCHIMEDES.  Also, since point B is not external to the free-body, the 

user is warned if any reactions are added at that point.  Only if the reactions at all points are 

correct is the user allowed to proceed to the Equations.  For a single free body, the consistency 

check simply ensures that the same name is not used for two different forces and/or couples. 
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The syntax in the Equations window is essentially the same as MATLAB, with the percent sign 

used to introduce comments.  The exception to strict MATLAB syntax is that the user can enter a 

zero to the left of the equal sign, thereby identifying the equation as an equilibrium equation  

(described below).  Also, equations in which the name on the left of the equal sign is one of the 

forces/couples in the free-body diagram are taken to be equilibrium equations.  ARCHIMDES 

allows the user to write any valid equations given the free-body diagram.  Hence the user could 

have written 

 
% overall equilibrium 
Ex = 0 
Ey = -Ay 
D  = L_AE * Ay 

 

instead of the above.  Notice that we are using L_AE to represent the distance between points A 

and E, instead of embedding the geometry and trigonometry into the moment equation.  Since we 

have defined a new name (which is not in the FreeBody), we have to tell ARCHIMEDES how 

L_AE is defined, such as 

 
% distance between points A and E 
L_AE = dx + 2 * dy / tan(b) 

 

The user can now press “Check Equations” to check the correctness, completeness, and 

consistency of their entries.  For correctness, the system checks that each of the equations 

actually balances properly.  The completeness checks ensure that the number of equations 

matches the number of unknowns and that the given equilibrium equations are linearly 

independent.  The consistency check ensures that the equations are sufficient to answer the posed 

problem; the current free-body diagram and set of equations are not sufficient since the user was 

asked to find the tension in rope BD, which is not one of the identified forces. 

 

Hence, the user must go back and augment the free-body diagram to expose the tension in the 

rope.  If the student goes back and adds a horizontal force at B, ARCHIMEDES will respond to 

“Check FreeBody” by telling the user that B is internal and hence a reaction cannot be added 

there. In this case the student needs to determine that they should isolate either member ABC or 

CDE and build a second free-body diagram.  (It is expected that the student will use their class 

notes and/or the textbook in order to determine what needs to be done to correct the problem.  

ARCHIMEDES is not currently tied to a particular text, but references to pages in a text could be 

added.) 

 

To isolate member ABC, the student presses the “Isolate Member” button, which causes a 

second copy of ABC to appear on the screen with the points A1, B1, and C1.  Now the user must 

put the appropriate reactions on the new free-body, as shown in Figure 3.  Pressing the “Check 

FreeBody” button will cause ARCHIMEDES to perform its various checks.  Here, the 

consistency check also ensures that the reactions at points A and A1 are the same. 
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0 = T  + Cx 

 
After using “Check Equations” again, the user is provided with the “numbers” and is asked to 

enter the answer.  For this problem, the user should enter 

 
T = 2.59 N 

 

ARCHIMEDES checks the student’s answer to ensure that it is correct numerically (at least to 

within 1%), that the user has used the correct number of significant digits, and the appropriate 

units are used. 

 

The completed solution for this problem is shown in Figure 3. 

 

Types of checks performed 

 

In the discussion above, examples of the type of checks that ARCHIMEDES performs were 

given.  The other error messages that ARCHIMEDES produces include: 

• Errors with the FreeBody diagram 

o At least one free body must be completed. 

o At least one of the FreeBody diagrams must have all of its reactions specified. 

o The reaction(s) at Point <point> is/are incorrect. 

o Name <name> is used for both a force and a couple. 

o Name <name> is used inconsistently at points <point1> and <point2>. 

o There is an inconsistency between points <point1> and <point2>. 

• Errors with the syntax of the Equations 

o Syntax error: Illegally formed number <num> 

o Syntax error: A period cannot exist by itself. 

o Syntax error: Illegal character <char> found. 

o Syntax error: There are more (s than )s. 

o Syntax error: There are more )s than (s. 

o Syntax error: The parentheses are improperly nested. 

o Syntax error: Illegal sequence <token1> <token2> 

o Syntax error: Illegal function name <func> 

o LHS of equation <lhs> is not a name or a "0". 

o Unrecognizable line. 

• Errors with the correctness of the Equations 

o There are no equilibrium equations. 

o There are only <num1> unknowns (<list>) in the free body diagram but <num2> 

equilibrium equations. 

o There are <num1> unknowns (<list>) in the free body diagram but only <num2> 

equilibrium equations. 

o Inconsistent formulae found for <name>. 

o Could not find an assignment for <name>. 

o Could not evaluate the assignment for <name>: <check value> 

o Error in equilibrium equation <num>: <name> is not defined. 

o Equilibrium equation <num> is not satisfied. 
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o There are no equilibrium equations that can be used to solve for <name>. 

o The equilibrium equations form a degenerate set. 

• Errors with the Answer 

o Answer should be in form: <name> = <magnitude> <units> 

o Answer should be in form: <name> = <magnitude> <units> @ <angle> <units> 

o The magnitude is not within 1% of the correct answer. 

o The magnitude's units are incorrect. 

o The number of significant digits in the magnitude is incorrect. 

o The angle is not within 0.2 deg of the correct answer. 

o The angle's units are incorrect. 

o The number of significant digits in the angle is incorrect. 

o <name> is not a variable in the Equations. 

o <name> is not the requested answer. 

 

Creation of New Problems 

 

It is a fairly simple task to create new problems for ARCHIMEDES, which now takes typically 

less than an hour.  Problems are defined in a file that contains the text that describes the problem, 

a description of the picture, a list of all the allowable reactions at each of the points, a list of the 

required consistencies (amongst the various free-bodies), and the correct answer.  A typical 

problem file consists of less than 40 lines. 

 

ARCHIMEDES now has a library of standard components from which diagrams can be built, 

including (bent) bars, ropes, pulleys, rollers, sliders, and springs.  Additionally, dimensions and 

witness lines can be easily added to the diagrams. 

 

Because the problem file prescribes the allowable reactions, it is relatively simple to create 

families of problem statements such as: 

• Weight W is suspended from the ceiling by bar AB and from the wall by rope BC.  Find 

the tension in rope BC. 

• Weight W is suspended from the ceiling by bar AB and from the wall by rope BC.  Using 

knowledge that bar AB is a 2-force member, find the tension in rope BC. 

• Weight W is suspended from the ceiling by bar AB and from the wall by rope BC.  

Without using knowledge that bar AB is a 2-force member, find the tension in rope BC. 

The only differences in the problem description file are the change in text and the list of 

permissible reactions at point A. 
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Initial Evaluation of Software 

  

During the winter of 2008/2009, the ARCHIMEDES software was evaluated by several upper-

division students, with GPAs ranging from barely passing to the top performers.  The students 

each worked at a separate computer in a computer cluster.  The evaluation session began with a 

30-minute introduction to the project and the software, including the solution of a typical 

problem by the instructor.  Each student was then asked to solve one tutorial problem and then 

two new problems; the instructor walked around the room and was available to the students to 

answer questions. 

 

Their initial impressions of the software were mixed.  Some like to try anything new, especially 

if it involves the computer, and they quickly became proficient in using the system; these 

students easily solved the two problems in about a half hour.  Others were rather hesitant at first, 

and needed to be coaxed into “trying it out”; they asked many questions in the beginning, but 

became self-sufficient within an hour. 

 

All students appreciated getting “instant” feedback from ARCHIMEDES and they felt that it 

would have taken them longer to solve the problems if they had only gotten feedback at the end.  

One asked that the error messages not only tell the user that (for example) “equilibrium equation 

2 is incorrect”, but that the system fix the error for the student; this change has not been 

incorporated since its educational value is questionable.  

 

During the tutorial, at least one of the students deviated from the tutorial script and “invented” 

his/her own way of solving the problem.  Because the “invented” solution was correct, 

ARCHIMEDES accepted it, much to the student’s surprise. 

 

More than one student commented that he/she could not solve the problem since all the 

“numbers” associated with the problem were not in the initial problem statement; they 

traditionally had set up and solved problems in terms of the numbers from the onset.  The 

students were informed that they should write their equilibrium equations symbolically, and once 

they were complete and correct, the numbers would be supplied to them.  All students adapted to 

this approach and successfully solved the problems. 

 

During the session, a few minor errors in the program and/or documentation were uncovered and 

have been subsequently fixed.  Other than these errors, all of which had work-arounds, the 

software proved to be robust. 

 

Pilot Study 

 

During the spring 2009 semester, ARCHIMEDES was piloted in a sophomore Statics course at 

Syracuse University, with a class of approximately forty students.  In lecture, three examples 

problems were presented using the ARCHIMEDES system, and then the students were asked to 

complete 16 problems for homework from the textbook using both the traditional “paper and 

pencil” method and ARCHIMEDES. 
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Over 38% of the students did one or more problems in ARCHIMEDES, with the average student 

doing 10 problems.  An analysis of the student performance is summarized in Table 1.   

 

Every student who submitted a solution file had successfully completed the free-body diagram, 

but 27% had made one or more errors during the process.  In the free-body diagram, the most 

prevalent error that students made was that they had the reactions incorrect at a point. 

 

Of the submitted solutions, 84% successfully wrote the equilibrium equations, yet during the 

process 74% of the students had made one or more errors.  The most common error (67%) was 

an equilibrium equation that was not satisfied; this is typically due to an omitted term, a sign 

mistake, or an error in a coefficient.  The next 3 most prevalent “equations” errors are also listed 

in the table.   

 

Finally, 77% of the submitted files had correct final answers, yet 57% of the students 

encountered errors here, with significant digits (34%) being the most prevalent. 

 

 % 

successful 

% with 

errors 

Free-body Diagram 100 27 

    * Reactions at a point are incorrect  21 

Equations 84 74 

    * Equilibrium equation is not satisfied  67 

    * The number of equilibrium equations does not match 

       the unknowns 

 47 

    * Undefined name used in equilibrium equation  17 

    * The equilibrium equations are not linearly independent  17 

Answers 77 57 

    * The number of significant digits is incorrect  34 

    * The magnitude of the answer is not within 1% of the 

       correct answer 

 25 

Table 1: Summary of student performance. 

 

At the end of the pilot study, students filled out a questionnaire, which is shown in Table 2.  

Included in Table 2 is the frequency of the student responses. 
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How many of the assigned problems did 

you solve using ARCHIMEDES? 

5 13 6 2 

How many of the assigned problems did 

you complete using a traditional “paper and 

pencil” solution BEFORE using 

ARCHIMEDES? 

13 6 6 1 
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 A B C D 

What grade do you expect to earn in this 

course? 

4 11 4 1 
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The error messages in ARCHIMEDES 

helped me understand how to correct 

errors I had made. 

4 11 0 6 4 1 

Overall, using ARCHIMEDES has 

helped me understand problems better 

than if I had not used ARCHIMEDES. 

6 10 6 3 0 1 

Compared to traditional “paper and 

pencil” homework problems, when I 

used ARCHIMEDES I was less likely to 

“give up” before finding the correct 

solution.  

8 6 6 2 3 1 

I would like to have ARCHIMEDES 

available for the next homework 

assignment. 

7 6 8 3 1 1 

I found ARCHIMEDES to be user-

friendly. 

2 10 7 4 0 1 

The in-class tutorial prepared me to use 

ARCHIMEDES. 

5 14 3 2 0 2 

ARCHIMEDES helped me build my 

confidence in solving these types of 

problems. 

5 12 6 0 1 1 

If you started the assignment by solving 

problems using the traditional “paper 

and pencil” solution, answer this 

question: 

I was able to discover errors in my 

“paper and pencil” solution when I 

solved the problem using 

ARCHIMEDES. 

2 11 5 1 1 2 

I think using ARCHIMEDES will help 

me get a better grade in Statics. 

5 12 8 0 0 1 

If I had a choice, I would prefer to 

submit my next assignment using 

ARCHIMEDES rather than submitting a 

“paper and pencil” solution. 

3 5 5 6 6 1 

Table 2: Results of student survey. 
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Significant results from Table 2 include: 

• 50% felt that they were able to discover errors they had made using paper-and-pencil 

when they used ARCHIMEDES. 

• 54% of the students felt they were less likely to give up when they used ARCHIMEDES 

rather than paper-and-pencil. 

• 65% of the students felt that ARCHIMEDES helped them build confidence in solving 

these types of problems. 

• 65% think that using ARCHIMEDES will help them earn a better grade in Statics. 

• 50% would like to have ARCHIMEDES available for future homework assignments. 

 

The questionnaire also contained an open-response section; things that the students liked about 

ARCHIMEDES included: 

• “I like that I could verify my FBD before actually starting the problem.” 

• “The ability to easily change equations and receive instant feedback.” 

• “As frustrating as it could be, I liked that you could not pass 1 step before completing the 

previous one.  I liked that they were also Q’s from the textbook.” 

• “It’s a step-by-step process that causes you to work things out instead of trying to skip 

over steps.  I like how it tells you that the FBD, equations, or answer is wrong.” 

• “I know I am headed in the right direction, improving confidence.” 

• “When I got to the final answer I was confident in it.” 

• “Forced me to work through my errors and get the right answer.” 

• “ARCHIMEDES makes it easy to see what is going on in the diagram and keeps your 

work very neat and organized.” 

• “The convenience and direct answer, rather than having to wait a week.” 

• “I like the use of FBD and the way to find it is correct.” 

• “It made me understand the problems more and see where I was making mistakes on 

paper.” 

• “I like how when you do not have the right equations, it tells you what you are missing or 

what you need to fix.” 

• “It was very clear how to place forces on the FBD.  In turn, this made problems easier to 

solve.” 

• “I like that we have to use symbols until the final answer, which prepares us for the test.  

I also like that you can’t advance until everything is correct.” 

• “I mean being able to correct you when you’re off can end up saving you points towards 

the end.” 

 

Things that students didn’t like included:  

• “It’s pretty pick about notation, the way variables had to be labeled.” 

• “I didn’t understand sometimes what I was doing wrong when entering my answer.” 

• “I didn’t like how ARCHIMEDES doesn’t hint what is wrong so it takes a while to figure 

out the issue with the equation that is wrong when I don’t know where to start when 

fixing my error.  I would like to know what I did wrong, not just the fact that it is 

incorrect.” 

• “It should also tell you which equation forms the degenerate set in particular.” 

• “When you’re wrong you kind of have to have an idea of how you’re wrong and where to 

fix your problem.  So pretty much you need to know how to do the problem.” 
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• “Error messages are vague sometimes.” 

• “Typing in the equations took longer on Archie than using pencil and paper.  I like 

writing out and see my own equations using my own notation.” 

• “I didn’t like how after getting the same thing wrong multiple times, it still wouldn’t give 

you an extra hint.” 

• “I did not like how significant figure errors would not let you solve problems. The 

significant figures were unclear (ie 95 and 95.0 doesn’t really matter).” 

• “It didn’t help at all.  I prefer Paper and Pencil.” 

• “Kind of hard to navigate.” 

 

Summary 

 

A new computer-based system, named ARCHIMEDES, has been developed and is being used to 

help students solve Statics problems.  It consists of a free-body diagram editor, a free-form 

window in which the user writes equilibrium and auxiliary equations, and a small window in 

which the user enters the final numerical result.  In general, the student is allowed total freedom 

in solving the problem; the only restriction is that the free-body diagram and equations must be 

correct, complete, and consistent.  The final numerical answer is checked for accuracy, 

significant digits, and units. 

 

Unlike previous computer-based systems, ARCHIMEDES helps students by providing feedback 

to the user any time the user asks to proceed to the next step, such as moving from the free-body 

diagram to the equations.  This helps students find errors early in the process, thereby 

eliminating work that could not possibly be correct because of an earlier error. 

 

Initial feedback from students has been positive.  Over 65% of the students felt that 

ARCHIMEDES helped build their confidence in solving Statics problems and 54% felt that it 

helped them successfully complete the problems.  Additionally, 65% of the students also felt that 

using ARCHIMEDES would help them improve their grade and half wanted to have it available 

for the remainder of the semester.  The major complaints were that ARCHIMEDES did not 

“teach” Statics and that it did not give the students the correct answers after several erroneous 

attempts. 

 

The current ARCHIMEDES system has only been implemented in two dimensions, although a 

three-dimensional version has been designed.  With the current interface, problems for the 

method of sections cannot be easily handled.  Finally, the current system uses scrambled input 

files that the student must download.  Once the student completes the solution, he/she must 

manually upload the ARCHIMEDES output files.  Work is underway to implement 

ARCHIMEDES as a browser plug-in so that the students do not have to manually transfer files. 

 

One final note: ARCHIMEDES is not a substitute for the current Statics lectures, recitations, and 

homeworks, but rather a companion that the students can use on their own to help them gain the 

confidence that they need to succeed in Statics. 
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