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COMPUTER TUTOR VERSUS SOLVING PROBLEMS BY HAND: 
A COMPARISON IN STATICS 

 
Introduction 
 
Instructors increasingly seek to use computer-based technologies to enhance instruction in their 
classrooms. Recently, integration of video and web technologies has made it feasible for lecture 
type material to be provided readily to students outside of the classroom. It is more challenging 
to provide computer-based learning tools outside that enable students to practice using concepts 
and skills they have learned and to receive timely feedback, which is known to improve learning 
1-4. There have been examples of computer systems to allow students to practice and receive 
feedback in the realm of statics in particular, steps5-7.   
 
It is particularly difficult to give students computer-based means to practice solving problems 
that have complex arrangements of parts, and which have multiple pathways to solution. 
Recently, a computer tutor that enables students to practice truss problems was presented8,9. This 
tutor was inspired by the approach taken by cognitive tutors10-12, with the tutor able to solve the 
problems on its own, and thus follow any solution path taken by a student. The tutor gives 
feedback on errors that enables the student to complete nearly all problems. Data collected from 
students using the tutor was analyzed and provided evidence that students were learning.  
Specifically, as students solved problems, which involve a variety of skills, errors using those 
skills decreased with practice. 
 
Still the evidence of learning was internal to the tutor: errors using the tutor decrease with 
practice using the tutor.  Thus, it remains to be seen whether use of such a tutor could still 
provide a learning experience that is equally effective as solving problems with pencil and paper. 
Summative assessment of student performance in courses is typically based on performance on 
written exams. While computer-based learning could provide beneficial instantaneous feedback, 
written homework has the advantage of giving students practice solving in the same mode as in 
the summative assessment. There have been some studies comparing the effect of computer-
based instruction with traditional practice in physics. Some of these have found the computer-
based instruction to lead to equivalent outcomes13, and in some cases even improved outcomes14. 
In this paper we describe a controlled study testing how students who used truss tutor for 
homework performed on examinations in comparison with peers who did handwritten 
homework. 
	  
 
1. Description of computer tutor 
 
The tutor has been described previously8. As seen the screenshot in Figure 1, the user can define 
multiple subsystems, by selecting bars, partial bars, and pins. 
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Figure 1. Screen shot of full display of tutor for trusses. 

 
 
For any one of the subsystems, the user creates the free body diagram by drawing forces on 
selected points, categorizing each type of force (Figure 2). The user both categorizes the force 
being drawn as a known applied force, a support reaction (unknown or determined), or an 
internal force (unknown or determined), and then gives it a variable or number.  

	  
Figure 2. Screen shot of force being added to a free body diagram, showing force categorization. 
 
 
Once a free body diagram is completed and is correct, the user types in equations of equilibrium 
as shown in Figure 3. If the user has written down an equation with one variable, the built-in 
calculating facility can solve the equation.  
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Figure 3. Screen shot of writing equations, and choosing moment center. 
 
 
Once a support reaction or internal force is determined, the user can declare it as solved and 
place it in a diagram where the solution is displayed. Here interpretation of the computed result 
is required: a support force must be drawn in its actual sense and given a positive magnitude, and 
an internal force of a bar is given a magnitude and described as tensile or compressive. 
 
Results from analyses of student data8,9 support the hypothesis that practice with the tutor leads 
to reductions in errors using the tutor.   
 
2. Setting for Study 
	  
The study took place at the Air Force Academy, at which all students share a broad core 
curriculum, including a semester-long statics and mechanics course.  Class sizes range from 23 
to 28 students, consisting of approximately 94% sophomores, and 6% juniors. 
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The course was graded out of 1000 points and consisted of three 125-point exams and a 250-
point final exam.  The second regular semester exam and the final exam each had a “work-from-
scratch” truss problem.  Trusses constituted a combined 70 points on these exams; when added to 
the approximately 10 points for the truss homework, the topic of trusses accounts for 8% of the 
students’ grade in the course. 
 
The truss problem from the second regular semester exam is shown in Figure 4, and the truss 
problem from the final exam is shown in Figure 5. 
	  
	  

	  
	  
Figure 4. Problem from exam 2, in which students are asked to solve for the forces in members 

JH, BH, BC. 
	  

	  
	  
	  

Figure 5. Problem from the final exam, in which students are asked to solve for the forces in 
members BC, FC, and FE. 
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Ten class sections were chosen for the study specifically from instructors who wished to 
participate and had back-to-back class periods to serve as an experimental and a control group.  
Each instructor taught the same truss lesson to both class periods and assigned the same 
homework to all students.  The homework assignment consisted of eight truss problems, three 
requiring the method of joints, and 5 requiring the method of sections.  Homework problems and 
exam problems were of similar style and comparable difficulty. The control groups completed 
the homework in a traditional pencil-and-paper format with the solution available to them if they 
got stuck and needed assistance.  The experimental group completed the same set of problems 
using the computer tutor. 
 
Instructors were also allowed to assign additional, non-homework truss practice or assessments 
at their discretion as they would in a normal class setting.  This additional work typically took 
the form of quiz problems or exam review sheets, which were done in traditional pencil-and-
paper format.  Every instructor used some form of additional practice, and the same practice was 
assigned to both the control and experimental groups equally.  Many additional resources such as 
practice problems or past examples were available to all students to reference at their discretion.  
The experimental group also had the option to complete additional problems using the computer 
tutor for further practice. 
 
Across all sections, complete data were obtained for 118 students in the control condition and 
111 in the experimental condition. Scores of students on all exams, and on the two exam 
problems involving trusses in particular, were recorded.  For each instructor we designate 
Section A as the section in which students solved truss problems by hand (control) and Section B 
as the section in which students solved truss problems using truss tutor (experimental). 
 
3. Results of study 
 
To gain insights into whether there are significant differences in students in the two sections 
taught by a given instructor, we computed the total score on all exam problems not involving 
trusses; these results are shown in Table 1. For these non-truss problems, there should be no 
effect of the homework condition explored here. It can be seen that the means in the two sections 
are nearly the same. Indeed, there are no significant differences from one instructor to the other. 
Thus, as judged by exam scores, all instructors are equally effective. This comparison across 
sections suggests inherent differences in the students in the two sections would not affect the 
subsequent results related to the effects of instruction. 
 
 
Table 1: Comparison of students in each pair of sections (A and B) on all non-truss exam 
problems; shows no differences across sections and from one instructor to the next. 

 Section A Section B 
Instructor Mean Standard Deviation Mean Standard Deviation 

1 78.18 10.63 75.70 11.36 
2 77.25 10.21 76.42 13.21 
3 80.13 8.58 76.98 11.11 
4 75.77 7.57 76.55 9.58 
5 78.72 8.63 79.21 9.68 
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Means and standard deviations for scores on the truss problem that appeared in exam 2 are 
shown in Table 2. 
 
 
Table 2: Comparison of performance of students in control and experiment conditions on truss 
problem in exam 2 

 Section A: Control (Handwritten) Section B: Experimental (Computer Tutor) 
Instructor Mean Standard Deviation Mean Standard Deviation 

1 94.64 11.78 91.63 17.43 
2 93.85 10.63 84.27 25.12 
3 92.74 13.04 90.98 12.72 
4 91.70 16.98 89.77 19.76 
5 97.20 5.97 96.63 4.86 

 
 
It can be seen that there are minor differences between the performances by students in the 
control (handwritten) and experimental (computer tutor) conditions.  None of these differences 
are statistically significant: even for the sections of Instructor 2, where the difference in the 
means for the two conditions is largest, a t-test reveals t = 1.72, p = 0.092.  Even this test is likely 
of dubious value. Of 238 students, 137 had scores of 100 (making the median score 100).  With 
such a high mean, and such a skewed distribution, this set of scores may not be very useful in 
sorting out differences among instructors or homework conditions. 
 
Scores for the truss problem on the final exam provide a more useful measure with which to 
compare conditions, with an overall mean of 75.6 and standard deviation of 22.1. The 
comparison of performance on the truss problem of the final exam for the two conditions is 
shown in Table 3. 
 
Table 3: Comparison of performance of students in control and experiment conditions on truss 
problem in final exam 

 Section A: Control (Handwritten) Section B: Experimental (Computer Tutor) 
Instructor Mean Standard Deviation Mean Standard Deviation 

1 76.91 22.01 73.20 26.31 
2 81.94 20.48 82.38 23.48 
3 70.48 18.02 66.81 25.55 
4 80.00 19.63 74.67 20.16 
5 73.06 25.21 76.36 14.87 

 
Again, there are minor differences, but the differences are not systematic: for three sections the 
control section performed better and for two sections the experimental section performed better. 
None of the differences is statistically significant: even for Instructor 4 with the largest 
difference between control and experimental means, the result is not significant (t = 0.87, p = 
0.391.) Thus, it appears that using the computer tutor as the prime problem solving experience 
leads to essentially the same outcomes as handwritten homework.  
 
The finding that there is essentially no difference between using the computer tutor and written 
homework may be the result of compensating factors.  Students using the tutor have the benefits 
of receiving immediate feedback and sufficient guidance and hints in the cases of errors that they 
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usually complete all problems.  On the other hand, students using the tutor have the disadvantage 
of not gaining comfort in the modality they are tested on. However, the study by no means 
reflects the full extent of student practice. Indeed, as pointed out above, all instructors assigned 
additional practice problems to students, which were carried out with pencil and paper. Students 
in the experimental group may have later solved additional problems with the computer tutor. 
 
The only difference for the final exam truss problem that may be significant is not between 
homework conditions, but between instructors. We grouped the control and experimental 
sections together for each instructor and used the Tukey Simultaneous Test for Differences in the 
Means to compare each pair of sections (there are 10 such comparisons). The only difference that 
was significant at the 95% confidence level was between Instructor 2 and Instructor 3; the 
probability that this difference is due to random chance is p = 0.03.  It is not clear if sections 
taught by Instructor 3 received less additional practice than those of other instructors, but we 
know these students otherwise performed comparably well in the course overall. 
 
The role of the homework condition may be a modest contributor in any event.  Student grade 
point average (GPA) upon entering statics was available. A scatter plot of average score on all 
non-truss problems versus GPA is shown in Figure 6. The Pearson correlation between GPA and 
exam average is r = 0.73, which is rather high in educational settings.  Thus, whatever 
contributes to obtaining good grades (e.g., intelligence, work patterns, motivation, etc.) explains 
over 50% (r2) of the variability in student performance on course exams overall.  It may be 
difficult for a narrowly targeted instructional intervention to overwhelm this effect.  
 
 

 
 

Figure 6. Scatterplot of exam average versus grade point average. 
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3. Summary and conclusions 
 
A computer tutor had been developed previously to give students practice solving truss analysis 
problems.  The tutor offers feedback to students on their errors, and guides them to completing 
most problems correctly. Data obtained from student use provided evidence that the feedback 
enabled to make fewer errors as they practiced.  However, it remained to be seen whether use of 
the computer tutor enables students to learn material as well as the conventional solving of such 
problems by hand with pencil and paper. 
 
This paper presents a study in which students solving problems with a computer tutor are 
compared with students solving the same problems by hand. Five instructors of statics, each 
teaching two sections, participated in the study. The two sections were taught in the same way, 
except during the week in which students solved truss problems on homework, students in one 
section (control) solved truss problems in the conventional way by hand, and students the other 
section (experimental) solved truss problems with the computer tutor.  Students in different 
sections were compared both for how the performed on truss problems appearing on exams and 
on all other problems appearing on exams. 
 
By looking at scores on all exam problems not dealing with trusses, it could be seen that there 
were no statistical differences between the students in the different sections.  Further, we found 
no statistically significant differences between the experimental and the control groups with 
respect to performance on the exam problems dealing with trusses. Thus, it appears that the 
mode in which homework is initially carried out does not play a significant role in affecting the 
learning outcome. There may have been benefit of an unknown magnitude associated with 
additional practice problems, benefit that accrued equally to both groups. Still, even in a 
distance-learning environment in which students carry out homework by computer, for example, 
students may independently undertake additional practice problems, which can have benefits. 
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