
Evaluating the impact of a teaching innovation 

 

Paper discussed: J. P. Adams and T. S. Slater, Using Action Research to Bring the Large Class Down to 
Size, Journal of College Science Teaching 28(2), 87-90 (1998). The paper is available here: 

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=B71EF91C3242A1C54C4DF9203C81F2FF?doi
=10.1.1.194.9532&rep=rep1&type=pdf 

 

This paper briefly talks about what action research is after which it describes four action research 
studies conducted at Montana State University in large lecture astronomy classes. 

 

Discussion questions: 

1. Are the effects (truly) surprising in any study presented? 
2. What are the strengths and weaknesses in the design of the different studies? Ideas for 

improving them? 
3. Have you tried to implement some innovative/evidence-based teaching strategy in the past? If 

yes, how did you assess its effectiveness? If no, is there something you’d like to try? 

 

This paper is consistent with dB-SERC’s goals of promoting evidence-based teaching and learning.  

Basically, “Action research” means taking a scientific approach to teaching and using evidence to inform 
and improve instruction. Our goal is to promote and support faculty who are doing this. 

Example from physics about using evidence to inform and improve instruction: 

• Eric Mazur from Harvard (he popularized use of clickers in physics) makes the point that for many 
years, he thought his students were learning, until he found out about the Force Concept Inventory. 

o The FCI is a multiple choice conceptual assessment developed by physics education 
researchers. 

o All questions are purely conceptual and physics experts (such as faculty or graduate 
students), at first sight, think this test is too easy and their students are going to ace it.  
 Typical classroom administrations show that in a post-test, students answer 

correctly only about 25% of the questions which they got incorrectly in a pre-test. 
 For example, at Pitt, for introductory algebra based classes, the pre-test average (of 

900 students in four different classes) was 35% and the post-test average was 51% 
when traditional lecturing was used. 

• After finding out about the FCI, Eric Mazur gave the FCI before and after instruction to his students 
and was thoroughly astonished by the low learning gains and post-test performance. This was a big 
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part of the motivation and impetus to change how he was teaching introductory physics to improve 
student learning, in Eric Mazur’s case, using clickers. 

 

The article starts out by describing what action research is. It has two primary characteristics: 

• It is carried out by active participants involved in the teaching/learning process 
• It is expressed in the language of the practitioners (and therefore with little educational 

terminology) 

The authors make the point that sometimes faculty members see that their classroom instruction needs 
improvement, but are unable to find traditional educational research literature that can provide insight 
of immediate utility. 

• In this regard, looking at the work of discipline-based education researchers can prove to be useful 
• A few examples of discipline-specific educational journals: 

o Physics: American Journal of Physics, Physical Review – ST PER 
o Chemistry: Journal of Chemical Education, Chemistry Education Research and Practice 
o Biology: American Biology Teacher, Biochemistry & Molecular Biology Education, CBE – Life 

Science Education 
o Computer Science: Computers & Education, International Journal of Technology Enhanced 

Learning 
o Mathematics: Journal for Research in Mathematics Education, Notices of the American 

Mathematical Society 
o Psychology: Teaching of Psychology, Journal of Educational Psychology 

 

Then, each of the studies described in this paper was discussed. 

 

Study 1: 

• Study question: Can you determine students’ prior knowledge without using extensive pre-test? 
• Self-reported survey of seven specific astronomy concepts was designed. The survey was used 

instead of a pre-test. Findings: 
o 5 level self-report survey was sensitive enough to measure knowledge gains 
o Correlation between learning gains and self-reported knowledge 
o Males rate their knowledge higher than females, but don’t perform any differently. 

• This study takes into consideration that it is important to know students’ difficulties BUT, It is 
important to emphasize that a pre-test (or survey) at the beginning of the term is not the only 
way to find out about students’ prior knowledge: 

o You can also make use of technology, ask students to answer questions online before 
class, can survey some responses and focus on difficult things (what was challenging 



about this topic? Can ask specific question etc.) Can also use clickers to determine what 
students get out of a lecture, or out of the reading they do at home. 

o Being aware of students’ prior knowledge and having some goals defined in a 
measurable can be used to inform effective instruction. 

o Also, student difficulties fall into a few categories. People who have developed 
discipline-based assessments have investigated student difficulties and came up with 
instruments which take the difficulties into account. One can read those papers and 
papers that they reference to get an idea of what patterns of thinking and reasoning 
students have/use (we have listed assessments developed in each natural science field 
on the dB-SERC website and included links to relevant literature). 

Then, there was a brief discussion about prior knowledge and misconceptions in other fields because 
asking students to rate their knowledge of different topics can provide data that’s not very 
representative of their actual knowledge. In other words, students can say that they understand 
something, but their notion of “understanding” is different from what the instructor expects.  

• A physics instructor mentioned that in the case of astronomy students don’t necessarily have 
prior knowledge and all you’re doing when teaching is filling in gaps, and so perhaps in the case 
of astronomy, using a survey to gauge students’ prior knowledge is more appropriate. In other 
fields however, it may not be the case. 

• In biology, it was mentioned that students do not seem to have any useful prior knowledge. 
o However, students often have conceptions about things they haven’t learned formally 

or informally, and even if these conceptions are incorrect, they are sometimes strong 
enough to not change too much after traditional instruction. So knowing how students 
reason about a concept on their own can help address the common misconceptions. 

• For an advanced psychology course, students often have to use statistics to interpret data, and 
you cannot assume that they have this knowledge. The interesting thing pointed out was that 
even students who have not had a course in statistics have misconceptions, some of which are 
fairly strong (e.g., bias in one variable can produce a correlation with another variable). 

Back to Study 1: 

• Discussion question 1: Surprising result? This is a very practical study, worth knowing the result, 
not necessarily surprising. 

• Discussion question 2: strengths/weaknesses 
o First, a few things were discussed about all four studies 
o All studies present a very specific research question and design an experiment to test it. 

 Whenever you teach, you are trying to change students’ knowledge state, and 
you have methods of assessing the extent to which that happened. 

 If you are implementing a change, you typically assess how much that change 
helped make significant deviations from the norm, whatever the norm may be 
(number of email messages, average student availability ratings etc.) 

 Using evidence to change the way you teach a course can be a gradual process. 
First, maybe you decide to use clicker question, and so you use them one 
semester and assess how well they worked. Then maybe you add collaborative 



problem solving in another semester and assess how much that improved 
student learning from previous semester. Then maybe you include in-class 
active learning activities, like interactive demonstrations, etc. But after each 
change, one or several assessments are carried out to determine the extent to 
which the change in instruction made a difference in various factors like: 
student learning, attitudes about and appreciation for the subject, enjoyment in 
the class etc. 

o Pretty much all questions lack a discussion of student learning and how to use the 
feedback to improve instruction. It’s sometimes implicit, but it would have been nice if it 
was explicitly discussed. 
 Of course, the research questions did not ask about this, but an important 

aspect of doing action research (and education research in general) is to inform 
and improve instruction 

• Discussion question 2: Strengths: 
o Practical, simple way to measure learning gains 
o Takes into account students’ prior knowledge: important to know in order to design 

effective instruction. 
• Discussion question 2: Weaknesses: 

o Self-reported data 
o Study does not discuss how one can use data from this survey to identify weaknesses in 

instruction and improve. 
 Perhaps that’s part of why it is a better idea to use a more detailed pre-post 

test: you get better data (more fine grained). It is then easier to identify specific 
concepts and context which the students struggle with. Not only that, but using 
a more detailed pre-post test can also provide information about how students 
struggle, i.e., what kind of incorrect reasoning is common 

o Is there a correlation between self-reported knowledge gains and learning gains? 
 I don’t expect that there is one, but useful to check anyway. 

• Question 3: improvement ideas? 
o Obviously, all these studies could be improved if they take care of the weaknesses. 
o The results from these studies can also be used to inform future instruction and carry 

additional investigations to further improve student learning. 

 

Study 2: 

• Study question: Does increased email contact between students and faculty improve faculty 
availability ratings? 

• Students were given incentive to email instructor twice a semester 
o Points awarded irrespective of the content of the email 

• Found: students interacted more and more meaningfully with the instructor, but the availability 
ratings did not seem to improve. 

• Discussion question 1: Surprising? People were mixed: 



o Some mentioned that it is surprising because increasing the number of emails an 
instructor responds to should make him/her appear to be more available to students. 

o Others mentioned that students can think that “available” means that the instructor is 
available for face-to-face communication, not electronic communication. 
 First, we should make sure that the question is interpreted by students in the 

manner in which it was intended. 
o Also, the study was carried out before 1998, perhaps the nearly ubiquitous use of email 

now would lead to different results. 
• Discussion question 2: Strengths: 

o Authors quantified student ratings to look for changes 
o Providing small amount of credit for emailing the instructor seems like a good idea to 

increase student engagement 
o Consideration of affective issues in teaching, not just cognitive (i.e., importance of the 

instructor being available to student) 
• Discussion question 2: Weaknesses 

o No connection with student learning: students improved how much they communicated 
via email with the instructor. Did this create some measurable change in some regard? 
Did the students who communicated more improve more in some regard from 
beginning to end of semester? 

• Discussion question 3: 
o Several ideas discussed about how to improve upon this study (or rather, improve the 

amount of communication with students) 
o One faculty member mentioned that he tried in the past to improve the number of 

students coming to office hours in the context of large class. In the first two weeks, he 
gave students credit for attending his office hours once. The rationale was that students 
should understand the value of talking to the instructor early, and hoped that if students 
attend office hours early in the semester would be more likely to come back later. 
However, he observed that after the first two weeks, the number of students who 
usually attend his office hours went back down to the usual he would see in other 
semesters. 
 Perhaps this would have worked better if instead during the first two weeks, the 

credit was given for students who attend office hours right before the first 
exam. Then, they would be more likely to have a productive discussion with the 
instructor on specific problems or difficulties they face, and come back later in 
the semester. 

Study 3: 

• Study question: How do student writing skills correlate with exam performance? 
• Gave students three one page writing assignments, graded for content, grammar and style. 
• Found that the correlation between writing performance and final exam performance was 

similar to the correlation between homework and final exam 
• Discussion question 1: Somewhat surprising 



o Here, it was discussed that initially, this finding can seem surprising, but upon closer 
inspection, it may make sense. The questions they used in the study are not completely 
unrelated to Astronomy, and the example they provide seems to be a fairly deep 
question which may require integration of some astronomy knowledge with another 
context. Perhaps one would find a smaller correlation (or none at all) if the essay 
questions are completely unrelated to astronomy. 

o A faculty member mentioned that he did something similar in the past in an astronomy 
course and found that the length of the essays and the grammar show the highest 
correlations with student test performance. 

• Discussion question 2: Strengths: 
o Novel idea, not necessarily know what to expect 
o Made a connection with student learning (or rather final exam score) 

• Discussion question 2: Weaknesses: 
o Instructional implications not discussed (perhaps they did use this feedback to change 

the instruction, unclear) 
• Part of the issue is how to interpret this finding. Does it mean that including 

more opportunities to write in an astronomy class can help improve learning? It 
is possible that students who do well in the writing task also do well on the final 
exam because they are good and/or motivated students and not because there 
is a relationship writing skill and astronomy knowledge. 

 

Study 4: 

• Study question: What is working and not working so well in implementing collaborative learning 
groups in a large lecture course? 

• Developed 16 mini-labs which were completed in groups of 4 
• Labs took between 20 and 50 minutes to complete, and each student was given the group score 
• Had group components to quizzes and exams 
• Evaluated the implementation by doing audio-tape focus group discussions 
• Found (all substantiated by other research in physics at least): 

o Students enjoy the alternation between activity and lecture 
o Students report learning from each other 
o Students would like to have specific roles in in the collaborative groups 
o (unrelated to question): students would like to have a more detailed reading list and 

structure of the exam should be more clearly defined 
• Question 1: Not really surprising, but it’s a good way to quickly get an idea of how your 

implementation is working. 
o One faculty from physics routinely uses focus groups  
o It’s generally a good idea to ask someone else to do it (students don’t end up saying 

good things just to make sure they don’t hurt your feelings)  
• Question 2: Strengths: 



o Considering students to be an integral part of the learning process and taking into 
consideration their point of view 

o Made changes where possible to address student concerns 
• Question 2: Weaknesses 

o Lack of familiarity with physics education research, e.g., group roles 
o No discussion of student learning: affect is important but not everything. 

• Students can report liking something in a course which may not be conducive to 
learning 

• For example: e.g., Mazur on physics demonstrations: students like them, but 
they don’t learn much from seeing demonstrations if they don’t engage (for 
example, by making predictions and discussing and resolving with each other 
discrepancies between prediction and observation) 

 

Take home message: 

In order to use evidence to improve teaching and learning it is important that: 

• You have one or several clear (and small scope) research question when you start (e.g., the 
study questions in this paper) 

• The question(s) should be tied to one or several goal(s) 
• The goal(s) should be measurable in some way 

It is important to keep in mind that there are many aspects to effective teaching and one can use 
evidence to improve various aspects of the course gradually by making (relatively) small changes to an 
instructional design sequentially and assessing the impact of each one. Assessment feedback can be 
used to make the changes more effective through tweaking and refinement. 

In addition, familiarity with discipline-based education research can provide ideas for how to improve a 
course and assess the effect of an instructional innovation. 


