
t Key Results  Students who used MasteringPhysics tutorials with hints and answer-specific feedback submitted 
significantly fewer incorrect responses and requested fewer answers on conceptually identical 
end-of-chapter questions than students who used the tutorials without the hints and feedback.
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Physics for Scientists and Engineers: A Strategic Approach with  
Modern Physics, 2e, Randall D. Knight

Implementation
Physics with Calculus is a traditional course taught on campus. 
Two sections are offered, each with an enrollment of approxi-
mately 200 students. 

In a study designed to quantify MasteringPhysics’ impact on 
learning transfer from tutorial questions to end-of-chapter 
(EOC) questions, students were divided into two groups of  
approximately 130 students each. Both groups received the 
same first three chapter assignments in MasteringPhysics,  
identifying no statistically significant difference in the two 
groups’ ability. In four subsequent assignments (Chapters 4,  
6, 8, and 9), the first group (Tutorial Group) was given a series 
of preparatory items (MasteringPhysics tutorial items with  
hints and feedback), followed by two conceptually identical  
EOC questions.

The second group (Nontutorial Group) received the same 
preparatory items (MasteringPhysics tutorials, but with the 
hints and feedback removed), followed by the same two EOC 
questions given to the tutorial group. The preparatory group 
that would receive tutorial instruction in one assignment would 
become the nonpreparatory or the nontutorial group on the 
next and vice versa. Thus, at the end of the study both student 
groups have received an equal number of tutorial and non- 
tutorial assignments. All items were assigned for credit.

Assessments
70	percent	 In-class	computerized	tests/exams

20 percent MasteringPhysics homework

10 percent Classroom response system
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Figure 1. 

Results and Data
Students in the tutorial group submitted fewer wrong answers 
and requested fewer solution requests. During the preparatory 
phase, the tutorial group submitted fewer incorrect responses 
on 81 percent of the items. The average percentage reduction  
in incorrect responses per student due to tutorials is 10±4% 
(effect size = 0.2). See figure 1.
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Similarly, the tutorial group submitted fewer incorrect  
responses on 63% of the EOC items (test phase). The average 
percentage reduction in incorrect responses per student due  
to tutorials in the test phase is 8±4% (effect size=0.1). See  
figure 2.

Figure 2.

The average percentage reduction in solution requests per  
student on preparatory items due to having a tutorial as  
opposed	to	an	identical	nontutorial	is	34±7%	(effect	size=0.5).	
See figure 3.
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Since the items are identical in both the tutorial and nontutorial 
groups during the preparatory phase except for the scaffold-
ing provided for the tutorial group, the reduction in solution 
requests for students in the tutorial group is indicative of 
learning from prior hints and answer-specific feedback within a 
given tutorial item. This effect is transferable from the prepara-
tory phase to the test phase, although the effect diminishes by 
a factor of 0.6. The average percentage reduction in solution 
requests per student in the test phase due to having a tutorial 
as	opposed	to	an	identical	nontutorial	is	7±4%	(effect	size=0.3).	
See figure 4. 
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Conclusion
From	a	replication	perspective,	the	results	are	encouraging	in	
that the percentage reduction in errors-per-student due to  
tutorial preparation is similar to the previous observations 
(11±3%) made under a microlearning protocol (Evidence  
of problem-solving transfer in web-based Socratic tutor, 
Warnakulasooriya et al., Proceedings of the 2005 Physics  
Education Research Conference, Heron, McCullough, Marx 
(Eds.), pp. 41–43, American Institute of Physics). Hence the 
above is supportive evidence for the correctness of the previous 
conclusions of the reductions in incorrect responses due to 
tutorials.	Furthermore,	the	reductions	in	errors	observed	under	
the test phase due to tutorials is encouraging since replication 
was not under identical settings but occurs after the relaxation 
of the previous protocol, in which the test phase included a  
tutorial item immediately following a preparatory tutorial.




