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In the rising technical powers of India and 
China, governments are rapidly increasing the 
resources devoted to science and engineering, 
with clear benefits to students.  In the span of 
two decades, literally hundreds of new physics 
and engineering doctoral programs have blos-
somed, producing graduates eager to contribute 
to their country’s increasingly vital role in in-
ternational research and development efforts.  
Recent publications such as Thomas Fried-
man’s The World Is Flat have stressed the ris-
ing influence of India and China as budding 
technological powers.  Clearly the number of 
opportunities for physics graduate study in 
these countries is in the ascendance.  
 
Around the world, the influence of the close 
cultural and governmental ties persisting after 
colonialism are manifest in the similarities of 
various graduate courses to the British and 
French systems.  Canada and South Africa, for 
instance, allow entry to a Ph.D. course (nomi-
nally three years in length) only after comple-
tion of an M.Sc. or equivalent degree--- 
 
 
 

 
 
 
essentially the same academic path required in 
the U.K.  Both of these countries have wit-
nessed impressive recent growth in research 
opportunities for physics students. 
 
The World Year of Physics has now passed 
into memory.  However, FGSA has an abiding 
interest in promoting appreciation for the di-
versity of experiences of physics graduate stu-
dents.  If you notice that your home country is 
absent from the collection of country profiles 
thus far, and would like to write a profile for 
inclusion on the project homepage, please con-
tact the FGSA Secretary.  Those interested in 
addressing the needs of international students 
and organizing the exchange of ideas between 
FGSA and international student organizations 
are encouraged to become involved in the 
FGSA International Affairs Committee; con-
tact the FGSA Chair or Secretary for more in-
formation. 
 
Ben Brown is Member at Large for the APS 
Forum on Graduate Student Affairs.  He can 
be reached via e-mail at 
blbrown@optics.rochester.edu

 
Tapping Physics Education Research for a Graduate-Level 
Curriculum: A Novel Approach for a Ph.D. Qualifying Exam 
Preparation Course 
 
Warren Christensen and Larry Engelhardt 
 
 
Introduction 
 
Every summer a painful ritual is undertaken by 
many would-be physicists in classrooms across 
the country.  A comprehensive written exami-
nation, although it has been modified or even 
removed at certain institutions, is still a key 
measure used by many schools to determine 
who is qualified to continue on a quest for a 

Ph.D. in physics.  Over the last two years, the 
authors of this article have created a Ph.D. 
qualifying exam preparation course that util-
izes several research-proven methods.1 These 
methods include, but are not limited to, peer-
led instruction, training in problem-solving 
skills, and the use of multiple representations.  
The teaching of upper-level undergraduate and 
introductory graduate physics content in this  
                                                                     Continued on page 8 
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manner was not only engaging and interesting, 
but also gave students an opportunity to im-
prove their understanding and, as is borne out 
in our data, an improved chance to pass the 
exam. 
 
Exam Background 
 
At Iowa State University (ISU), the physics 
Ph.D. qualifying exam is administered in two 
four-hour-long exams in a large lecture hall, on 
a Tuesday and Thursday morning during the 
same week, approximately 2 weeks before the 
start of fall classes.  The first exam, known as 
the “Classical Exam,” covers questions on 
Newtonian mechanics, Lagrangian mechanics, 
electricity and magnetism, relativity, optics, as 
well as qualitative questions about experiments 
or scientific ideas.  The “Modern Exam” (the 
Thursday exam) includes problems on quan-
tum mechanics, condensed matter physics, 
high energy physics, nuclear physics, and as-
trophysics, as well as other modern topics.   
 
Problems range in difficulty from introductory 
level concepts to advanced graduate material, 
with most of the exam being at the advanced 
undergraduate and first-year graduate school 
level.  Until recently, students were required to 
pass both exams in the same year in order to 
continue on with their studies.  Now, however, 
students can pass the two parts in subsequent 
years and still continue toward their Ph.D.  
Graduate students who are new to ISU, enter-
ing without a Masters degree, are expected to 
pass the exam within their first two years, and 
students entering with a Masters degree are ex-
pected to pass after one year.  Those students 
who fail to pass the exams in their allotted 
number of attempts become ineligible to con-
tinue working towards a Ph.D. in physics at 
ISU.  In most cases, these students choose to 
finish a Masters degree from the department 
and then transfer to another department on  
 

 
 
 
 
campus or to another university in a similar 
field of study. 
 
Authors’ Background 
 
We both entered graduate school having re-
ceived degrees in physics, but discovered that 
we were unprepared for the breadth and depth 
of the exam’s topics.  Upon the recommenda-
tions of a graduate student who had previously 
failed his two attempts to pass the qualifying 
exam, we confined ourselves in a classroom 
and collaboratively worked problems from old 
qualifying exams for roughly 20-40 hours a 
week for multiple months.  Initially, we had 
many questions regarding the material, and we 
discovered that the answers to our questions 
could not be efficiently found in textbooks.  
We were provided solutions to these old exam 
questions, but they were often limited to alge-
braic solutions with very little written explana-
tion.  Thus, determining how or why we were 
supposed to apply a certain method, and inter-
preting details about underlying assumptions or 
approximations, was nearly impossible.  We 
found that discussing ideas between ourselves 
was an effective method for studying but 
lacked efficiency.  What we really needed was 
an “expert” to direct our conversations, leading 
us not only to correct answers but to correct 
understanding as well. 
 
Not surprisingly, neither of us was successful 
in passing the exam on our first attempt, al-
though the material that we encountered in fu-
ture courses became much more accessible and 
comprehensible.  The following summer, we 
adopted a different approach that we believed 
would improve the efficiency of our studying.  
We focused our attention on the key concepts 
behind each particular problem and strived to 
look at a larger number of problems.  We met 
weekly with a larger group of people to discuss 
specific worked problems, but also did a great 
deal of independent studying.   
                                                                    Continued on page 9 
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With these revisions incorporated into our 
study tactics, we both passed the exam on our 
second attempt, much to our own delight. 
 
Course initiative 
 
After an external review of the department and 
several meetings between the department chair 
and the graduate student body, it was obvious 
that the qualifying exam and, in particular, the 
lack of assistance in passing it, was a signifi-
cant cause of distress among graduate students.  
The department chair thus determined that in-
struction directly focusing on the qualifying 
exam was desired by the students, and he ap-
proached us with the idea of creating such a 
course.  Having painstakingly developed our 
own successful study techniques, and being 
familiar with proven pedagogical techniques 
used in physics education research (PER), we 
enthusiastically agreed. 
 
Course structure 
 
Our 12-week course covers a different subject 
each week, alternating between topics in clas-
sical and modern physics.  In a given week, 
two class meetings occur.  A one-hour intro-
duction to the material takes place early in the 
week, and later in the week the students spend 
two hours presenting the solutions to assigned 
problems.  In the first meeting, we introduce 
the weekly topic in a brief PowerPoint® pres-
entation, lasting no more than 20 minutes.  We 
purposely minimize lecture instruction for the 
following reasons: 1) Developing lecture in-
struction at an appropriate level for everyone 
was impossible due to the diverse background 
(and content knowledge) of our graduate stu-
dent population. 2) Although it has not been 
rigorously tested at the graduate level, the PER 
community has provided overwhelming evi-
dence that standard lecture instruction is not an 
effective method of learning physics for the 
majority of students.2 

 
 
 
 
 
The remainder of the first meeting has students 
working in small groups, solving problems 
from old qualifying exams.  These specific 
problems are chosen because they satisfy two 
criteria: They are relatively straightforward, 
and they clearly showcase the key aspects of 
the weekly topic.  At the conclusion of this 
meeting, the students are assigned five prob-
lems which are to be presented during the sec-
ond class of the week.  The second class pe-
riod, which lasts two hours, involves students 
taking turns working problems out at the 
board, spending 20-30 minutes per problem.  
Each student leads a discussion of the solution, 
responds to questions, and is asked to elaborate 
on the concepts of a particular problem in vari-
ous ways that are discussed in the following 
section. 
 
Another key feature of our course was the ad-
ministration of full-scale practice exams to stu-
dents throughout the summer.  One of the un-
derlying challenges of passing the exam is the 
context in which it is taken: A four-hour time 
limit, an 8 AM start time, and a formal test-
taking environment.  This makes for a very dif-
ferent experience when compared with a stu-
dent’s typical problem-solving environment 
(i.e., casually working problems often with 
readily available resources).  We therefore 
schedule four different sets of exams that are 
administered to students in a classroom, at 
eight o’clock in the morning, on Tuesday and 
Thursday mornings throughout the summer.  
As one of our students stated, “They were quite 
helpful in forcing me to sit through a full exam 
early in the morning in cramped conditions.  
The practice exams were also useful in that by 
the time the real qualifying exam came by, it 
was old hat and I was quite relaxed, which 
helps.” 
                                                                Continued on page 10 
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Course Goals and Methods 
 
Our primary goal for the course is quite sim-
ple: To enable students to pass the qualifying 
exam.  In order to succeed in this goal, there 
are a number of strategies that we employ.  
Some of these strategies are aimed at learning 
physics, by developing both our students’ con-
ceptual understanding and their problem solv-
ing abilities.  Other methods focus on prepara-
tion and test-taking tactics for the specific type 
of exam for which they are studying.  In this 
section, we describe some of the specific 
methods that we use, as well as our motivation 
for choosing them. 
 
Efficient and effective use of study time 
 
Since the exam consists of solving written 
problems, it seems obvious that the most ap-
propriate means of studying is also to solve 
problems.  However, we found that many stu-
dents relied primarily on reading physics books 
to prepare for the exam.  We therefore placed 
an enormous emphasis on working problems, 
both during the class hours and throughout the 
rest of the week.  Solving problems, however, 
is quite challenging if one does not already 
have a firm grasp of the different topics and 
methods that should (and should not) be em-
ployed to solve the myriad of problems.  Sim-
ply being told “work problems” can lead to 
hours of painfully inefficient studying as we 
discovered during our first summer of prepara-
tion. 
 
The alternative, reading books, has the advan-
tage that one can easily make progress, but it is 
a highly ineffective means of studying for this 
type of exam.i  The central strategies of our  

                                                 
iPerhaps an analogy might better explain 
our idea:  You and I are going to have a 
swimming contest in three-month’s time.  I 
am going to spend that time reading all of 

 
 
 
 
 
 
course are therefore to provide the students 
with summaries of the most relevant physics 
content (in the form of our 20-minute presenta-
tions) and to provide immediate feedback on 
their progress (in the remaining 160 minutes of 
weekly class time).  If we could focus students’ 
time on working problems in an open group 
environment that allowed for immediate feed-
back, we were confident that we would give 
them the best chance to succeed. 
 
With this in mind, we set out to create an envi-
ronment in our class that would support stu-
dents discussing, critiquing, and assisting one 
another.  We had groups of students work 
problems under the guidance of experienced 
exam-takers (i.e. us), with rapid feedback re-
garding both their solutions and their solution 
methods.  While working problems, student 
questions arise and are often redirected back to 
the other class members, asking for volunteers 
to explain certain techniques or ideas.  This not 
only helps answer the inquisitive student’s 
question, but it also allows another student the 
opportunity to explain his or her ideas, thereby 
benefiting both students.  In addition, other 
members of the class become involved in the 
process, commenting and asking further ques-
tions.  Our role as peer-instructors (we are fel-
low graduate students) further facilitates these 
discussions in that students do not hesitate to 
engage us in healthy debate.  Unlike the previ-
ous alternatives that we described, solving 
challenging problems in this way is very effi-
cient, since in a class of fifteen graduate stu-
dents,                                        Continued on page 11 

                                                                       
the best books and articles about proper 
swimming techniques.  Meanwhile, you 
will go to a pool and swim everyday for 
three months.  Who do you think will win 
the race? 
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someone almost always knows the answer or 
method that should be used to solve the prob-
lem. 
 
Pedagogical methods 
 
We strive to build on student understanding 
primarily via the student-student and student-
instructor interactions that occur while students 
are solving problems.  While these interactions 
are present during the first meeting each week, 
they truly flourish throughout the second meet-
ing when students are working problems at the 
board.  Instructor-led discussions cover all as-
pects relevant to the problem, with particular 
emphasis placed on promoting problem-
solving skills.  The ability to identify key ideas 
and plan an efficient solution strategy is im-
perative for success on the exam. There is a 
vast research base that supports the notion that 
use of structured problem-solving strategies is 
an effective means of developing student con-
ceptual understanding.3  Additionally, we ex-
plore alternative contexts, alternative solution 
methods, and how slight modifications to the 
question would affect the solution. The goal is 
to strengthen the understanding of the student 
working at the board by challenging them to 
think on their feet, while also eliciting ideas 
from the class to paint a complete picture of 
how each problem fits in with other concepts. 
 
Another pedagogical technique that has been 
shown to improve student conceptual under-
standing is the use of graphical and diagram-
matic representations,4 both of which are often 
required as a part of qualifying exam problems.  
While initially we felt it was important to prac-
tice such skills to be prepared for these types of 
questions, we subsequently realized that sub-
stantial knowledge can be gleaned from a 
proper sketch, and that improved depth of un-
derstanding can result from analyzing it.  Once 
a sketch has been produced, questions concern-
ing limiting cases and points of interest (such  

 
 
 
 
as equilibria) are readily tractable.  By using 
graphical representations, peer-led instruction, 
and a variety of other methods, we continually 
refocus students' attention on their method of 
approach to solving problems. 
 
The scope of the exam 
 
A key feature of our course is the highly fo-
cused nature with which we present the mate-
rial.  During our own exam preparation, we 
spent a great deal of time determining what 
types of questions are commonly asked in or-
der to improve the efficiency of our studying.  
To specialize our course, (and to save our stu-
dents from unnecessarily investing similar 
time) we meticulously cataloged and analyzed 
the most common topics and problem-solving 
methods that have been used in previous years 
of the exam; we hence determined which top-
ics should be covered, and in which order.  We 
also provided our students with a detailed in-
ventory of all 26 years worth of old exam prob-
lems.  Sorted primarily by topic, this resource 
allows students who are looking to practice, for 
instance, boundary value problems, to instantly 
locate 19 previously asked qualifying exam 
questions. 
 
Language 
 
A few weeks into the first summer of teaching 
the course, we become aware that, at times, 
students were misinterpreting portions of the 
questions.  This was sometimes as simple as 
clarifying the distinctions among scientific 
words (e.g., constant, uniform, invariant).  Oc-
casionally confusion also arose when students 
were trying to interpret the instructions in the 
question, such as the difference between 
“Write down …”, “Determine…”, and “De-
rive…”.  Students, particularly those who re-
ceived undergraduate educations outside the 
United States, also had difficulties narrowing 
the scope of particular problems.  When dis-
cussing problems,                   Continued on page 12 
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we therefore make a pointed effort to address 
precisely what each question is asking and 
what is required for the solution.  While this 
may seem trivial to some, considering the 
timed nature of the exam it is important to fo-
cus students on doing the work that will yield 
the most points.  As one student remarked after 
taking our course, “As a foreign student, lan-
guage is always a barrier… I need to be famil-
iar with the way they ask questions.” 
 
Additional resources 
 
We also highly recommend the series of books 
titled “Major American Universities Ph. D. 
Qualifying Questions and Solutions” (1998)5 
as another resource for problems at the appro-
priate level.  A set of these books was pur-
chased by the department and is on reserve for 
the students.  All other resources are made 
available to the students onlineii, and recently 
the school produced CDs that contained all of 
our course material, including PowerPoint® 
files, the question inventory, and every qualify-
ing exam with its solutions in electronic format 
going back to 1979. 
 
 
 
 
 
 
 
 
 
 

                                                 
iiURL:http://www.public.iastate.edu/~wmchris/qual
.html 
iii) Note that the data presented in this sec-
tion were only given to the authors in 
summary form in order to protect the con-
fidentiality of the results for those who 
took the exams. 
 

 
 
 
 
Data 
 
This past August, 37 Ph.D. hopefuls took at 
least some portion of the qualifying exam.  Of 
these students, 17 were new arrivals at ISU 
and, as such, had limited opportunities to at-
tend our summer preparatory course.  Typi-
cally, these students have little to no chance of 
passing the exam anyway, so we have removed 
them from our data set.  Furthermore, due to 
the recent change in the passing requirements, 
five students taking the exam only had to pass 
one portion of the exam (all five did pass).  By 
also removing those five students from our 
data, we are left with 15 students, eight of 
whom regularly attended our course.  To at-
tempt to assess the effectiveness of our course, 
we have analyzed the performance of those 15 
students.iii 

 
                                                                    Continued on page 13
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Figure 1. Student Qualifying Exam Performance 
 
As shown in figure 1, five of the eight students 
who attended class regularly passed at least 
one of the exams, while only two out of seven 
non-attendees passed.  Although a higher per-
centage of our attendees passed, it was not ob-
vious whether this was as a result of having at-
tended our course, or if the students who at-
tended our course were already better prepared.   
In an attempt to shed additional light on this is-
sue, we obtained the average scores that these 
two groups achieved on the GRE Quantitative 
 
 
 

and GRE Physics Exams which they took prior 
to entering graduate school.  These data, shown 
in figure 2, suggests that our attendees were 
unlikely to have had any type of pre-instruction 
advantage.  Given this very small sample of 
students, it is impossible to claim any statisti-
cal significance with these findings.  However, 
we believe that these data suggest that our 
course is successfully fulfilling its goal, that is, 
to enable students to pass the qualifying exam. 
 
                                                                    Continued on page 14 
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Figure 2. Average GRE Quantitative and Physics Percentiles 
 
Conclusions 
 
We have developed a summer-long course 
whose goal is to prepare graduate students for 
the comprehensive written qualifying examina-
tion that is administered at Iowa State Univer-
sity.  This course is taught using pedagogical 
methods from Physics Education Research that 
have been proven to be effective at the intro-
ductory level, with a particular emphasis on ac-
tive learning and peer-led instruction.  We also 
teach efficient studying techniques and stress 
their importance in order to drastically improve 
our students’ chances of passing the exam in a 
matter of mere weeks.  Data are presented 
which suggest that this course is indeed effec-
tive.  We believe that this course could effec-
tively serve as a model, both for qualifying 
exam preparation at other universities and for 

GRE exam preparation for advanced under-
graduates. 
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Graduating Educated Graduate Students 
 
Edward Price and Noah Finkelstein 
 
 
Academia appears to do a remarkable job at 
producing the next generation of research fac-
ulty. The long-anticipated shortage of well-
qualified researchers has not appeared1. At the 
same time, while there are calls to reform edu-
cational practices in college and university 
classrooms, we are not broadly preparing our 
future faculty to develop or implement these 
now well-understood research-based educa-
tional practices.  
 

The relative emphasis of research and teaching 
in the preparation of future physicists is symp-
tomatic of the asymmetry between research 
and teaching in the practice of current physi-
cists, in the attitudes and beliefs of physicists, 
and in the hiring and promotion practices at the 
most prestigious physics departments. The 
physics community at-large considers teaching 
and research to be separate endeavors: the gen-
eration of new understanding (research)  
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