






unprepared group on the same problem. This effect is 
seen across all the fourteen problems thus providing 
robust statistical evidence. We arrive at this result by 
fitting the differentials of the above sigmoidal 
functions to the rate of completion data and identifying 
the time corresponding to the peak rate for the real-
time solvers (see Fig. 5 for an example). This method 
also reveals that the median time on a typical problem 
is about 15 minutes, which is quite realistic (there are 
only a few students at the margins of the time interval 
2.5 minutes to 2.2 hours). We also find that averaging 
over six pairs of problems, the fraction of prepared 
students requesting hints is 7±2% lower than the 
unprepared students.  In other studies [12] we have 
identified quicker time to solution and use of fewer 
hints with better performance on the final exam. 

 
FIGURE 5. The prepared group is able to solve a given 
tutorial problem in less-time compared to the unprepared 
group. The average advantage in time seen across fourteen 
problems is 14.6%. 
 

DISCUSSION 

We have demonstrated a methodology of extracting 
useful information about time on task in an 
uncontrolled homework environment – namely, 
measuring the fraction complete against the variable 
logarithmic time for problem completion. Identifying 
the real-time solvers we have demonstrated that their 
time to completion curve follows the sigmoidal shape 
against logarithmic time rather than linear time as 
observed in other psychological tasks. Furthermore, 
we have shown evidence that the problems with 
tutorial help can be solved in a reasonable time by 
twice as many students as end-of-chapter problems. 
We also find robust evidence of problem-solving 
transfer as evidenced by the reduction in time to 
solution having solved a related prior problem across 

fourteen problems covering seven concept domains. 
The effectiveness of the tutorial problems can be 
attributed to the hints and wrong answer responses 
leading to learning in much the same way Simon and 
Reed [13] have observed in the context of the 
“cannibals and missionaries” problem. 
 
We note that our results are not biased since the effects 
we see are reciprocal; that is the prepared group for a 
given problem in a pair is the unprepared group for its 
related problem and vice versa. The various 
comparisons we have made in this study are general in 
nature in the sense that the problems are related only 
by content and the relevant conceptual domain. Also, 
the tutorial problems and the EOC problems are not 
isomorphs of each other. Since our larger goal is to 
investigate and establish best pedagogical practices in 
web-based tutoring, a study designed to look at the 
isomorphic problems with and without hints and 
wrong answer responses is being carried out. The 
findings from these studies will be reported in the 
future. 
[We thank the National Science Foundation for 
providing assistance through its grant 0231268.] 
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