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ABSTRACT 
Physics Pathway is a digital library available through an Adobe 
Flash portal whose contents are a series of interviews with four 
experts who answer questions about the pedagogy of teaching 
physics.  The answers were collected over a broad time span, but 
are presented to the user as if he or she is conducting the personal 
interview, similar to naturally conversing with the expert.  This 
“synthetic interview” style is discussed in this paper, with a mixed 
methods evaluation by 19 high school teachers who used Physics 
Pathway for a 14-week period at the end of 2010.  The evaluation 
with teachers showed that the synthetic interviews validated or 
reinforced their ideas on their course materials and delivery.  As 
these are teachers who are relatively new to physics instruction, 
confirmation that they are teaching well is important.  Physics 
Pathway is linked with comPADRE, a member of the National 
Science Digital Library.   
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H5.1 [Information Interfaces and Presentation]: Multimedia 
Information Systems.  

General Terms 
Design, Human Factors. 

Keywords 
Synthetic interviews, physics pedagogy, digital video libraries. 

1. INTRODUCTION 
A collaboration between Carnegie Mellon University and Kansas 
State University led to the development of the Physics Teaching 
Web Advisory, shortened to Physics Pathway, available at 
www.physicspathway.org. This digital library contains two types 
of collections: a traditional collection of video clips illustrating 
physics concepts and experiments, and a collection of synthetic 
interview clips, i.e., video recorded with exemplary physics 
teachers in order to engage inexperienced teachers in a natural 
language dialog about effective teaching of physics.  The 
traditional collection contains hundreds of clips illustrating 

concepts in kinematics and dynamics digitized from award-
winning videodiscs including Physics and Automobile Collision, 
Physics at the Indy 500, and Physics of Sports. With the growth of 
the comPADRE networked resources for physics teachers, rather 
than pull more material into the Physics Pathway collection, a 
button has been added to the synthetic interview (SI) interface 
allowing users’ natural language queries to be directly posted 
against the comPADRE resources.  This paper will emphasize the 
synthetic interview library set, which boasts 450,365 question 
variants mapping to 6,598 unique physics subject or physics 
pedagogy topics, which each are covered by one to four master 
teachers in 7,600 video answers.   
Physics Pathway initiated in response to high school physics 
teachers not graduating from Colleges of Education programs in 
sufficiently high rates to meet demand [1].  A large fraction of the 
instructors who teach high school physics are teachers of other 
sciences or mathematics who have been recruited into the physics 
classroom [1].  From the experiences of the Kansas State 
University (KSU) Physics Education Research Group and 
American Association of Physics Teachers (AAPT) workshops 
through the years, these teachers are well intentioned given their 
limited background in both the content and pedagogy of physics, 
but they need additional support and may not often have the 
opportunity to travel to AAPT meetings.  These teachers are 
geographically distributed, yet could benefit from one-on-one 
chats with an expert physics teacher regarding physics instruction.  
The goal of Pathway is to improve the quality of physics teaching 
and the number of available physics teachers by providing virtual 
expert help on issues of pedagogy and content through the natural 
conversational interface of synthetic interviews.  The SI library 
offers contemporary ideas about the teaching of physics through 
example and explanation.   
Adobe Flash was chosen as the platform in which to deliver 
Physics Pathway on the web, due to Flash being the most 
common technology for handling video on the Internet [3], and its 
proven capability for delivering interactive visual interfaces.  In 
particular, Adobe Flex 3 was used to produce the Flash front end, 
with Flex 3 described as “a cross platform, open source 
framework for creating Rich Internet Applications that run 
identically in all major browsers and operating systems” [4].  The 
iterative development of Physics Pathway leading to the Flash 
interface is discussed in [2], with this paper reporting on the 
synthetic interview library and the use of Physics Pathway by new 
teachers of physics in Fall 2010.   

The corpus began with one expert teacher and Physics textbook 
author, Paul Hewitt, and a small set of recorded responses before 
2006. Feedback from users at formative AAPT workshops for the 
project expressed a desire for more content and more authorities 
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to question to get a broader representation of opinions. Three 
additional master physics teachers known for their success in the 
high school classroom were recruited by the KSU Physics 
Education Research Group: Leroy Salary (physics and education 
teacher at Norfolk State University), Roberta Lang (high school 
physics teacher in Orlando, trained as a chemistry teacher), and 
Charles Lang (high school physics teacher in rural Nebraska and 
Omaha, Presidential Award recipient). Deployment of the first 
sets of answers for these four was made available in the Pathway 
interface in late 2006. Between then and 2009, target topics were 
continuously produced by the KSU Physics Education Group to 
cover the full year curriculum of high school physics, and to 
address anticipated needs of novice physics teachers uncovered 
during the AAPT formative workshops.   
Not all four master teachers have recorded video answers to all of 
the target topics. (Note: due to scheduling conflicts Paul Hewitt 
was not recorded subsequent to 2007.)  Some master teachers 
might bundle a number of targets in their video answer, e.g., 
Chuck Lang has two different answers for the two targets "How 
should I teach projectile motion?" and "What are some good 
examples of projectile motion?", but another teacher may answer 
both these questions with the same video response.  
The 6,598 target topics in the SI library were produced by KSU to 
cover a high percentage of likely questions from high school 
physics teachers regarding their lessons that span the full year 
high school physics curriculum. Each target topic is answered by 
at least one of the four represented master teachers, perhaps many. 
Each video answer from a teacher covers at least one target topic, 
perhaps more. From the user's input, the target topic is computed 
from a search service which indexes various ways of stating 
questions per topic. The behavior of synthetic interview retrieval 
is like that of Google’s “I’m Feeling Lucky” button, where 
precision at one is critical and rather than slow the interaction 
down with a review of a list of results, the top-rated result is 
immediately shown.  Similarly, the interaction with only the top-
rated response keeps the feel of the dialog as a question-answer 
discussion having a video answer immediately played back, rather 
than as a query into a library producing a list for further review.  
This natural interaction helps novice teachers (or at least novice in 
the physics domain) feel as if they have direct mentor support, 
someone they can turn to for immediate help and reinforcement. 

2. EXAMPLE OF USE 
Suppose a teacher of physics wishes to demonstrate constant 
acceleration due to gravity to her class, and the concept that 
regardless of the mass of an object, it will hit the ground at the 
same time (if other forces like friction are removed).  The teacher 
may start off by asking to Pathway “How should I display 
constant acceleration due to gravity?” The result is an answer to 
“Should I teach acceleration due to gravity?” which the teacher 
sees as shown in Figure 1 with Roberta Lang. While this is related 
to the teacher’s question, it does not provide the information she 
is looking for. 

Two interface elements help address problems with “precision at 
1” and natural language interfaces.  The first is displaying in a text 
title what target topic is actually being returned, in this case an 
inexact match to acceleration due to gravity.  The second is in 
showing other close misses in a related questions list, so that the 
user can branch off trivially into neighboring conversational areas.  
Novice teachers not knowing where to start can also begin with 
quick-starter pull-down menu items rather than free-form queries. 

 
Figure 1. Cropped screen shot of synthetic interview interface. 
The teacher selects “How can I demonstrate acceleration due to 
gravity?” leading to the video clip with Roberta Lang  showing a 
unique example demonstration dropping weights tied equidistant 
from one another on a string.  Dropping the extended string on a 
metal plate produces an auditory experience with successive 
impacts occurring more rapidly.  The teacher wants to see more 
perspectives, and selects Chuck Lang as the authority, witnessing 
the use of everyday objects to recreate Galileo’s famous 
experiment (see Figure 2). 

 
Figure 2. Roberta Lang's and Chuck Lang’s responses (and 2 

demos) to the same question against the SI collection.



 
Figure 3. Synthetic interview interface on left, physics video clip library on right within Physics Pathway. 

The demonstration discussions trigger a new interest, and the SI 
library is queried for “falling objects.”  In addition, the teacher 
asks the integrated library of clips the same query, producing 15 
results, one of which is a clip about dropping a heavy guinea 
coin and light feather in a tube with and without air.  The web 
page is filled with the synthetic interview interface at the left, 
and video clips library on the right, as shown in Figure 3. 

The supplemental reinforcement of SI discussions with video 
clip illustrations is extended by the link out to comPADRE, 
which brings in lesson plans and community networking as well.  
By clicking the “Ask comPADRE” button, the same query about 
“falling objects” produces 72 results in comPADRE’s Physics 
Front (as of April 2011, across diverse items from computer 
programs to handbooks) to give the teacher further help with 
their inquiry. 

3. FALL 2010 EVALUATION 
In order to assess Physics Pathway’s progress toward providing 
just-in-time assistance on the pedagogy of physics, 19 high 
school teachers (some experienced and some not) agreed to 
interact with Physics Pathway every week over a 14-week 
semester in Fall 2010.  They provided feedback on individual 
responses (through the star ratings and “More feedback” button 
in the Flash interface shown in earlier figures), and completed a 
weekly survey on the transfer of synthetic interview advice to 
the classroom.  There were 588 separate visits to the website, 
with bookmarks created and used 79 times to return back to a 
particular synthetic interview response.  The coverage of the 
synthetic interview data set was excellent as only two queries 
received the default “I don’t have any answer to that” response 
from any master teacher. Note that if one teacher such as Paul 

Hewitt does not have an answer but a different master teacher 
from the set of four does, the interface will redirect the user to 
that expert accordingly. The two unanswered queries were both 
typographical errors that could have been caught if Pathway 
incorporated a spell checker on its query processing. 

This test set of teachers rarely found the need to drop into the 
quick question lists to initiate a dialog.  Quick questions were 
used for only 5% of the queries, with free-form text entry 
accounting for 43%, the related questions menu 50%, and the 
past questions history 1%.  Past history was only tracked within 
sessions, not across sessions, and session lengths varied from a 
few minutes to a 95-minute session during which 32 videos 
were played.  All four master teachers had some video responses 
played during this test, with the set of 7,600 answers ranging 
broadly from tens of seconds for descriptions to multiple 
minutes for shown demonstrations. The “More feedback” button 
was clicked 87 times during which the teachers provided 
additional feedback regarding a video response to a query, with 
this feedback data summarized in Figure 4.   

The coverage of a video response was overwhelmingly seen as 
appropriate: 85.5% of the ratings stated that the information in 
the response was about the right amount.  Given that the test 
users volunteered when to click “More feedback” and were not 
forced to do so after every response, it is likely that the actual 
perception of a response being just right is even higher: a 
response that triggered neither a strong negative nor positive 
reaction from the user was likely to be left without feedback.  
Only 13.3% of the time was the response rated as having too 
little information, and only once in the 83 times that information 
scope was rated did a test user rate the response a having too 



much information for the user’s needs.  Regarding answering the 
user’s query, 66.7% of the time the response was rated as being 
good or just what was needed for the teacher.  Another 28.7% of 
the time the response was rated as appropriate, but not 
personally useful.  Only four times out of 87 ratings on video 
response appropriateness was the answer rated as poor.  In 
retrospect, one was due to an indexing error that can be easily 
(and has been) fixed in the next maintenance update. 

 
Figure 4. Volunteered feedback following 87 responses (only 

83 were rated regarding information scope). 
Table 1 shows the responses to the weekly survey, with percent 
of teacher-weeks reported.  The synthetic interviews were meant 
to reinforce teachers’ teaching plans, with Pathway also meant 
to open up new insights regarding physics teaching.  Teachers 
modified their plans 27.4% of the time, but teachers either 
modified their plans or had their plans reinforced 61.7% of the 
time.  As the testers included teachers who are relatively new to 
physics instruction, confirmation that they are teaching well is 
important. 

Table 1.  Feedback from weekly survey, listed with percent 
of teacher-weeks each response was given. 

Question % 

Built lesson from ideas in Pathway 4.9% 

Completely changed lesson plan 2.9% 

Significantly changed lesson plan 6.9% 

Small changes to lesson plan 12.7% 

No changes, Pathway reinforced plan 34.3% 

Did not use ideas from Pathway 38.2% 

 

As an example of teacher use of Physics Pathway, one teacher 
was looking up useful ideas for a lesson on momentum.  Some 
ideas were reinforced by the synthetic interviews, such as the 

importance of teaching momentum even in a survey class, and 
ways to transition into the topic from Newton’s Laws.  The 
lesson plan changed after hearing Paul Hewitt discuss including 
some math but not algebra for some audiences and Roberta Lang 
discuss adding the simple definition of kinetic energy so that 
students could distinguish between momentum and energy, even 
if the topic of energy has not yet been covered in the class. 

Another teacher introduced the following changes to a unit on 
sound following interactions with Physics Pathway: 

• Call sound “energy” 
• Address difference between sound and light 
• Look at the difference between snapping fingers on a 

computer 
• Explain how helium affects voice 
• Note that sound is louder when listening to 

hammering a table when you put ear on table 
• Mention “decibel” but do not invest class time in 

getting students to know how it works 
• Discuss sound motion uses in sonar echolocation as 

with bats and motion detectors. 

4. CONCLUSIONS 
The evaluation with physics teachers showed that the synthetic 
interviews validated or reinforced their ideas on their course 
materials and delivery.  Concrete examples of lesson plan 
changes were shared, and the utility of a synthetic interview 
collection of materials for physics mentoring was explored. The 
synthetic interview style of interface, which presents a playing 
answer to every user request, was judged as returning responses 
with appropriate scope and relevance in a test trial with teachers. 
This synthetic interview set is linked to comPADRE, a member 
of the National Science Digital Library.  
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