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Spreadsheets can be a powerful tool when it 
comes to teaching physics. From data analysis 
and graphing to animated simulations, Excel® 

is a very versatile program for the educator and 
learner alike.1-4 This paper describes and supports 
another use for Excel through Reflective Formative 
Assessment Spreadsheets (RFAS). To illustrate the 
use of RFAS, Fig. 1 shows a released AP Physics5 

question that one student, a group of students, or 
the entire class may see when they access a prepared 
RFAS file from a shared drive. Notice that this file 
has been given a PowerPoint® look by removing 
scrollbars and gridlines and by using the Full Screen 
option (Fig. 1, arrow a). Students navigate from one 
question to the next using the tabs (Fig. 1, arrow b). 

Many cells in the spreadsheet are locked to avoid 
misguided tampering, while a few specific cells are 
left unlocked for the purpose of allowing students to 
enter useful information. In this case, students within 
groups tally and enter votes for a multiple-choice op-
tion before discussing the question (Fig. 1, arrow c) 
and after discussing the question (Fig. 1, arrow d). 
Then they enter brief explanations as to why some 
options were chosen and others were not (Fig. 1, ar-
row e). This is especially useful in identifying latent 
misconceptions where students can pick the right an-
swer but for unclear or flat-out wrong reasons. Form 
objects such as the check boxes are used to survey stu-
dent opinions about the question (Fig. 1, arrow f ). 

Excel also has password protection, which can al-
low a teacher to alter both locked and unlocked cells 
and add or edit text boxes, hyperlinks, images, draw-

ing objects (Fig. 1, arrow g), and comments (Fig.1, 
arrow h). There are many other features of Excel that 
allow it to be fine tuned for ease of use by various 
learners, but the power comes from the spreadsheet’s 
cell referencing capabilities, which allow the informa-
tion that was entered by students into the unlocked 
cells to be collected by a secondary document called 
Report.xls, also placed on the shared drive. 

A sample printout of the report on the question 
in Fig. 1 is given in the Ref. 6. Automatically and in-
stantaneously, this document collects everything that 
has been entered by as many as 12 groups of students. 
All votes are tallied and percentages are displayed on 
a bar graph showing each option both before and 
after discussion. There is a place for teachers to also 
enter comparative results, for example, the national 

Fig. 1. Screen shot students view when they access a 
prepared RFAS file from a shared drive.
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percentage that got this AP Physics B question right in 
1984. Pie graphs display student opinions about the 
question, where the lighter the graph the more favor-
able the attitudes toward the question. Also of value 
is a display of each justification every group made 
supporting why they picked the answer they picked 
and an indication of how the majority of each group 
voted. In order to make the printout a stand-alone 
document, the original question is included.  

A tab on the Report.xls document gives a printout 
of the summary page.7 Here, teachers can check radio 
buttons for the correct answers. When this is done, 
the number and percentage of students with the cor-
rect response for both pre- and post-discussion are 
pulled from the imported data and displayed while 
the maximum gain realized8 is calculated instanta-
neously. Conditional formatting highlights the gain as 
high (blue), medium (green), low (black), and nega-
tive (red). This gain is also displayed on a scatter-plot 
graph of (pre-) versus (post-minus pre-). Another 
option on this summary page is to use check boxes 
to break the 15 questions down into as many as eight 
changeable categories and display the average of all 
questions that fall into those categories on a bar graph. 
Another bar graph allows the teacher to monitor the 
success of individual groups.

Support
Though RFAS may be a unique use of spread-

sheets, the methods of instruction and assessment 
have been at the forefront of current educational 
research. Two sources in particular, Peer Instruction9 
and Assess-To-Learn,10 had a tremendous influence 
on the development of RFAS. Using these established 
programs as a framework, along with the research on 
which they are based, there were initially three goals 
for RFAS. The spreadsheets were to: serve the reflec-
tive practitioner, foster learning through formative 
assessment, and allow the development of under-
standing through social interaction. A fourth goal was 
added later that would allow students to exercise those 
skills necessary to do scientific inquiry.

The Reflective Practitioner – RFAS allows 
teachers to easily document and analyze student 
responses to a question and springboard them into a 
position where they can begin the reflection process 

instantaneously. It is the quick feedback that enhanc-
es reflection in two ways. One is through “reflection-
on-action,” as Schön11 would say, where the teacher 
uses a copy of the report to identify remaining 
misconceptions, re-plan the next lesson, re-write the 
next summative test, and/or share surprises with col-
leagues. Surveys such as the Force Concept Inventory 
(FCI)12 and the Mechanics Baseline Test (MBT)13 

were designed for this type of reflection. Not only 
can such survey questions easily be placed within 
RFAS, but also RFAS can play a role in making the 
questions better. Schön’s other type of reflection is 
“reflection-in-action.” This method is commonly 
found where a teacher is skilled at questioning and 
can convincingly play the devil’s advocate to con-
tinually challenge thought. With RFAS, teachers 
can be found among their students engaged in rich 
conversation while working from the RFAS report 
displayed through a digital projector or on a wireless 
laptop/tablet carried from group to group.

Formative Assessment – Currently there is a lot 
of focus on testing, including end-of-unit tests, end- 
of-course exams, state tests, or standardized tests. For 
many these summative forms of measuring learning 
have become the sole method of assessment. One 
consequence is that formative assessment has been 
degraded down to the nonchalant “Are there any 
questions?” Sadly, some teachers cannot even recog-
nize alternate forms of formative assessment when 
they see them. Take these spreadsheets for example. 
Some may say, “What’s preventing a student from 
voting for the same distracter that the smart kid in 
the group voted for?” This is a good question and 
makes sense when these students are struggling to 
pick the right answer. In that case, questions used in 
the spreadsheet truly lack validity. However, when 
using formative assessment questions correctly, the 
student’s intrinsic motivation to know the truth will 
override the extrinsic motivation to get it right. In 
this environment they challenge each other with 
“why do you think that is the correct answer?” It 
is important to remember that indoctrination is 
not the goal and that students must eventually be 
allowed to become self-learners. RFAS sets up a good 
environment to practice.

In the current high-stakes testing environment, 
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educational research still condones the use of forma-
tive assessment. The NSTS Teaching Standard C,14 

for example, supports the type of formative assess-
ment that is capable through RFAS. A popular book 
that culminates a great deal of educational research 
and stresses the importance of formative assessment 
is called Assessment for Learning: Putting it into Prac-
tice.15 In it, Black et al. identify four things that have 
consistently shown to have a positive impact on edu-
cation, all of which can be touched upon using RFAS. 
These include: giving students sufficient time to think 
about a question, providing students with feedback 
that they can use to extend learning, allowing students 
to engage in peer and self assessment, and making for-
mative use of summative tests.

Social Interaction – In his book Teaching Physics 
with the Physics Suite, Edward Redish states, “For 
most individuals, learning is most effectively car-
ried out via social interactions.”16 This is how an 
observation tool turns out to be an effective teaching 
tool. It stimulates dialogue and as the authors of the 
Reformed Teacher Observation Protocol (RTOP)17 
observed, “Student talk is far more important than 
teacher talk.” The RTOP is the result of research 
showing social interaction is a common thread 
between all current successful physics education pro-
grams. When students within a group are split on a 
RFAS question and there is only enough space for 
one justification per option, one of two things will 
happen: either the student must convince his or her 
peers to change their minds or get peers to clearly 
explain their reasons. Ultimately, one student teaches 
another, and the dialogue that occurs tends to be 
rich, reflective, and helpful in encouraging students 
to become independent learners. 

 
Scientific Inquiry – In the student-centered envi-
ronment established through RFAS, the teacher is 
most effective as a resource that stimulates divergent 
modes of thought without giving away answers. 
Originally, when RFAS used only traditional mul-
tiple-choice questions, students immediately saw the 
value in their discussions and the feedback given to 
the teachers but felt uncomfortable and somewhat 
frustrated in not being told the “right answers.” In 
response, it was almost natural to give students an 

option to experiment and test the questions soon 
after they are discussed.

Recognizing that scientific inquiry is a very broad 
topic and encompasses a wide range of methodolo-
gies, we should note the type of inquiry performed 
with RFAS is “structured inquiry,” which according to 
Wenning18 is an “activity focused on verifying infor-
mation previously communicated in class.” The idea 
is to give students an opportunity to explore ideas that 
lend support to one of the multiple-choice options. 
For example, suppose students are split on the ques-
tion in Fig. 1. By allowing students to gather a mass, 
some string, and some spring scales, the student’s in-
trinsic curiosity will stimulate the higher-order think-
ing skills necessary for good inquiry. Like Workshop 
Physics19 and Interactive Lecture Demonstrations,20 
two programs that have successfully combined phys-
ics educational research and scientific inquiry, RFAS 
encourages students to make predictions about physi-
cal events, discuss their predictions, and then verify 
their predictions with real world interactions. Again, 
knowing the correct answer is not nearly as important 
as students communicating a justification for why it 
is the correct answer and why the distracters are either 
incomplete or inaccurate. In this regard, RFAS reflects 
the process of real science where the goal is not to pro-
vide proof, but to lend support by disproving. 

Conclusion
Reflective formative assessment spreadsheets can 

provide teachers of any subject with a valuable tool. It 
has the ability of adding a special dimension to a great 
many educational programs without altering the ob-
jectives of those programs. 

Though it does not look like a typical spreadsheet, 
it is important to remember that RFAS has all of the 
changeability of an Excel document and all of the 
tools that come with any Microsoft Office program. 
The website at http://www.k12.de.us/concord/ 
physics/, under Resources ->For Teachers -> RFAS,  
provides a zipped file with prepared RFAS spread-
sheets containing sample questions that highlight 
various ways that Excel can be utilized to work with 
and enhance other forms of computer-based technol-
ogy and accommodate special learning needs.

At this site I’ve also posted physics examples, tem-
plates, instructions, and a multimedia presentation 
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that gives a visual overview.
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