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Abstract. We report on the investigation of multiple sets of data from an electric circuits Physics by Inquiry course on
students’ ranking of topic difficulty. Students ranked the difficulty of the preceding class almost every class day and they
ranked the difficulty of various course sections on a diagnostic (one diagnostic per section). In the OSU Physics by
Inquiry (Pbl) class, students—a majority of education undergraduates—work in groups, and are checkpointed as they do
experiments in a section. In addition, there is a question of the day at the beginning of almost every class. Here, students
are also asked to rank the difficulty, but of the preceding day’s classwork. These “difficulty rankings” and student grades
(used as a measure of performance) constitute our dataset. We compiled data from four sections of the Spring 2006 and
one section of the Spring 2007 Physics by Inquiry electric circuits class. The sections on potential difference appear to

be the most difficult.
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INTRODUCTION

There have been many descriptions of OSU’s
Physics by Inquiry (Pbl) classes, [1-4] based on
University of Washington materials [5,6]. There are
three different Pbl classes offered—on properties of
matter (V.1 [5]), on electric circuits (V. 2 [6]), and
on optics and astronomy by sight (V.1 and V.2
[5,6]). Our present study is part of our ongoing
formative evaluation of Pbl. This paper discusses the
topics in the electric circuits class. Our personal
experience has long been that voltage is the most
confusing topic faced by students. Also, Kim, Bao,
and Acar earlier found that Pbl student stress levels
peak at various points [2], and are especially high in
the voltage sections.

There seem to be several reasons for this
difficulty. Students learn about current, ammeters,
and Kirchhoff’s current rule before they study
voltage. Potential difference (“voltage” is the term
used in the Pbl class, so we use it here) is sufficiently
different from current that carefully-honed student
ideas about current interfere with students’ ability to
address voltage despite careful text attempts to
demonstrate the difference as well as the difference
between the respective meters and how they are
used. Students at first apply the idea of flow,
developed in the model of current, to voltage. For
many students, voltages across parallel branches are

to be added together as currents are, and these ideas
persist despite the measurements made by these same
students that show voltages across parallel branches
are the same.

Pbl instructors have attempted to remedy such
difficulties by several avenues of approach. A
module introducing ammeters and voltmeters nearly
simultaneously has been written with the thought that
the sequencing leads to student confusion. A
different module addresses student difficulties
associated with multiple loops. In our opinion, these
additional modules have met with mixed success.

While we were convinced that the voltage
sections were the most difficult on the basis of exams
and checkpoint conversations with students, we
decided to see if we could determine what students
think about the relative difficulty of the thirteen or
fourteen sections (twelve of which are from the
book) addressed in the course. The following
sections discuss the diagnostic rankings and the
question-of-the-day rankings.

USING DIAGNOSTIC RANKINGS

Before our Pbl students work on a section, they
fill out a diagnostic sheet that asks questions
pertinent to the section content (in a space on the left
half of the page). After finishing a section, students
rework the diagnostic (in the remaining space on the



right half of the page) on the basis of what they’ve
learned within that section. They get a small number
of points for each accepted diagnostic (but no points
if the diagnostic has not been accepted, in other
words, the points are Heaviside functions). Students
are also asked to explain what they have learned in
the section and to rate the section’s difficulty from
least difficult (0) to most difficult (6) as they saw it
We also keep track of how many submissions were
required for students to have their reworked
diagnostic accepted.

We might also look at the diagnostics that few
students complete, but it should be kept in mind that
these data are skewed. While we urge students to
keep up with submitting diagnostics, there is a
tendency for students to put off submitting the
diagnostics, especially from the later sections, until
near the end of the course. The proportion of
accepted diagnostics therefore falls steeply toward
the last few sections covered in the class..

Some diagnostics also are harder than others as
rated by students. There were N = 113 students in
four sections of Pbl in Spring, 2006 and N = 14 in
Spring, 2007. Table 1 shows the difficulty rankings
for each section given on diagnostics that were
accepted. Sections 8 (voltage), 8a (voltage), and 10
(Ohm’s Law) rank highest in difficulty as perceived
by students.

Another way to determine how difficult a section
is involves determining which sections the fewest
students completed. Table 2 shows the results for the
total number of diagnostics completed (some classes
were not able to get as far as others, but no student in
any class turned in the diagnostic for Section 12).
Apparently Secs. 8, 8a, and 11 are more challenging
than other sections. A similar pattern is seen when
we examine the number of groups in which all
students completed diagnostics, as seen in Table 3.
The dip in completions for Sections 8 and 8a is more
pronounced.

We kept track of how many times it took students
to get the diagnostic accepted. Many tries should
indicate a harder section. Table 4 presents the
number of nonaccepted diagnostics by section. It is
clear that sections 8 and 8a (on voltage) were less
likely to be completed than adjacent sections, even
with end-of-course falloff. The falloff mentioned
above is apparent here, with the same general trend
in both years in Tables 2 through 4 of a drop in
completions.

Still another piece of data is the number of tries
before acceptance, presented in Table 5. The humber
of tries is more difficult to compare because different
instructors evaluated different groups of diagnostics
(except for Marion, where Aubrecht evaluated all
diagnostics). By this criterion, Sections 6, 7, 8, and

8a were the most difficult. Diagnostics (6, 7, 8, and
8a) in all classes were all evaluated by the same
instructor (Aubrecht) and are consistent. The average
number of tries in the four sections was 2.70, while
in Marion for all the other sections the average
number of tries was 2.11, and in Columbus the
average number of tries was 1.15. Aubrecht was
apparently more demanding in evaluating the
diagnostics. However, comparison shows that these
sections (6: parallel and series resistors; 7,
voltmeters; 8, Kirchhoff’s potential rule; 8a, multiple
loops), were clearly more difficult for students
independent of the evaluator.

QUESTIONS OF THE DAY

At the beginning of each class (excepting
midterm days), a short question relating to the
preceding class material is administered. Students
also rank the preceding day’s material in difficulty
(from 0 to 6). The first midterm occurred when most
groups were around Section 4 and the new meters
section and the second midterm occurred when most
groups were in Sections 8 and 8a. Hence, the
rankings undercount these sections. Also, a total of
four days’ questions of the day (and associated
rankings) were misplaced for the Columbus sections.
Still, a total of 187 group rankings were usable.
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FIGURE 1. Student group section difficulty rankings
from questions of the day. The section and its associated
number of experiments is shown along the abscissa.

We kept track of each group’s progress in order
to craft an appropriate question of the day for the
next class for the group farthest behind. Therefore,
we can bracket the sections covered compared to
each group’s ranking. Knowing the number of
experiments in each section allows us to weight the
rankings according to the sections covered the
preceding day. This is clearly not the best estimate of
time spent and difficulty encountered, but it the best
we can have without recording every word and
gesture of every group.



TABLE 1. Student rankin

of difficulty by section and total ranking (scale: 0, least, to 6, most).

Section Number 1 2 3 4 5 6 7 8 8a 9 10 11
Marion 06 3.00 | 2.73 | 3.86 | 3.50 | 3.53 | 4.07 | 4.09 | 433 | 422 | 467 | 5.00 [ 0.00
Columbus 9:30 | 348 | 3.17 | 3.59 | 3.83 | 3.71 | 4.12 | 4.18 | 509 | 4.14 | 423 | 5.08 | 4.33
Columbus 1:30 | 3.15 | 3.37 | 3.84 | 427 | 3.80 | 4.78 | 3.86 | 3.83 | 4.73 | 4.05 | 4.20
Columbus 5:30 | 3.55 | 3.18 | 458 | 471 | 400 | 488 | 5.13 | 544 | 471 | 440 | 4.20
Marion 07 2.57 | 3.08 | 3.73 | 430 | 4.00 | 3.73 | 438 | 4.71 | 5.67 | 4.60 | 4.60
Total Ranking 322 | 317 | 393 | 413 | 3.78 | 430 | 433 | 477 | 450 | 427 | 4.69 | 3.88
TABLE 2. Number of diagnostics accepted by section.
Section Number 1 2 3 4 5 6 7 8 8a 9 10 11
Marion 06 17 15 14 13 15 15 8 9 9 10 6 1
Columbus 9:30 36 38 37 35 35 28 22 11 15 29 25 8
Columbus 1:30 33 33 33 29 28 12 16 9 11 25 21 1
Columbus 5:30 26 26 26 24 24 17 17 10 8 16 13 0
Marion 07 14 12 12 10 11 10 8 3 1 4 4 0
Total Accepted 126 | 124 | 122 | 111 113 82 71 42 44 84 69 10
TABLE 3. Number of groups in which all members completed diagnostics by section.
Section Number 1 2 3 4 5 6 7 8 8a 9 10 11
Marion 06 6 5 5 4 5 5 3 2 1 1 1 1
Columbus 9:30 8 10 9 7 7 4 1 0 2 4 3 1
Columbus 1:30 9 9 9 5 3 0 1 0 0 4 4 0
Columbus 5:30 7 7 7 5 4 1 1 1 0 2 2 0
Marion 07 4 2 3 2 1 1 0 0 0 0 0 0
Total 34 33 33 23 20 11 6 3 3 11 10 2
TABLE 4. Number of not-accepted diagnostics by section.

Students 1 2 3 4 5 6 7 8 8a 9 10 11
Marion 06 16 0 1 2 3 1 1 8 7 7 6 10 15
Columbus 9:30 38 2 0 1 3 3 10 16 | 27 | 23 9 13 | 30
Columbus 1:30 33 0 0 0 4 5 21 17 | 24 | 22 8 12 | 32
Columbus 5:30 26 0 0 0 2 2 9 9 16 18 10 13 0
Marion 07 14 0 2 2 4 3 4 6 11 13 10 10 0
Total 127 3 5 8 20 19 | 51 63 93 | 83 52 68 | 88
TABLE 5. Average number of tries before acceptance.
Section Number 1 2 3 4 5 6 7 8 8a 9 10 11
Marion 06 2.4 2.7 2.9 2.3 1.8 2.7 2.8 2.5 2.0 1.2 1.2 1.0
Columbus 9:30 1.3 1.2 1.2 1.2 1.1 4.0 2.1 2.7 1.9 1.0 1.0 1.0
Columbus 1:30 1.4 1.2 1.1 1.0 1.1 3.1 2.1 2.3 2.3 1.0 1.0
Columbus 5:30 1.1 1.2 1.4 1.1 1.2 4.3 3.0 2.3 2.4 1.0 1.3
Marion 07 2.6 2.3 2.0 1.7 1.6 2.1 1.8 2.4 2.0 1.6 1.6
Total 1.6 1.5 1.5 1.3 1.2 34 2.4 2.5 2.1 1.1 1.1 1.0




Figure 1 shows these rankings. Clearly Section 7
is ranked the most challenging, but recall that some
sections’ rankings, namely, Sections 4, meters, 8 and
8a, were generally missed due to midterm days with
no rankings of the preceding day’s difficulty (the
meters section was used only in 2007). This graph
supports a contention that Sections 7, 8, and 8a were
seen as especially challenging, in agreement with
other evidence presented here.

GRADE CORRELATION

Figure 2 shows the combined averaged data on
student rankings from diagnostics in all sections of
Pbl electric circuits. Figure 3 shows the combined
averaged data on student rankings from questions of
the day.
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FIGURE 2. The grade distribution and the diagnostic

ratings by grade.
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FIGURE 3. The grade distribution and the question of the

day ratings by grade. While this graph looks like Fig. 2, it

is not.

Note that student rankings of difficulty slowly
rise as grade decreases from A to C+, but then appear
to fall again to values similar to A students for
students with other C and D grades (there is just one
E). While the graphs appear identical, they refer to

different datasets. It is this near identity that
convinces us that this is no fluctuation. Perhaps the
better students recognized more clearly that they
were having difficulties, as the rated difficulty of the
sections goes up from A through C. Poorer students
may not even have recognized that their difficulty.

CONCLUSIONS

Because Physics by Inquiry is based on research,
it does an outstanding job of dealing with many
student difficulties in the topics covered.
Nevertheless, we found students still had difficulty
with certain concepts involving voltage.

Parts of the material related to voltage caused
problems in student understanding. Section 8a, for
example, was written to deal with difficulties we
found students had with voltage in multiple loops.
We are currently using another revision, meters, that
attempts to help students with these concepts, but, as
mentioned above, this has shown mixed success.

This study has shown that indirect formative
evaluation such as demonstrated here may be useful
in supporting student understanding through course
revision. This study does not address whether these
difficulties are intrinsic to the concepts independent
of the Pbl approach or whether the Pbl approach
itself may have generated some problems.
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