


evaluation strategies. We intend to make this orientation
aspect of sense-making more formal in the future.

III. METHODS

Students were assigned 10 weekly homework assign-
ments during the 10 week term. The �rst 8 assignments
contained classical mechanics problems and the last 2
assignments contained special relativity problems. The
coursework was structured to support students’ sense-
making development as well as provide multiple lenses
into students’ application of these strategies.

Each assignment included 2-4 problems with 2-10 ex-
plicit sense-making prompts embedded in the problems.
This course was designed to implement Rosenshine’s scaf-
folding and fading approach to teaching higher-level cog-
nitive strategies as a way to aid students in learning
to utilize sense-making strategies [7]. Thus, the �rst 3
homework assignments had sense-making prompts that
directed students to use speci�c sense-making strategies
(e.g. after �nding an equation for the range of a projectile
on an incline: \Sense-Making: Consider Special Cases
Does your result for the maximum range make sense if the
ground is horizontal? If the ground is vertical (like right
up against a cli�)?"). On Homework 4-7, the prompts for
sense-making were intentionally faded; they became less
prescriptive and more open-ended (e.g. \Find the equa-
tion of motion (acceleration) of the bead. Use at least two
sense-making strategies to make sense out of this equa-
tion."). On Homework 8, the sense-making prompts were
faded yet again; they did not specify a particular num-
ber of strategies (e.g. \Be sure to do some sense-making
around your result"). The sense-making prompts became
more speci�c again for the last 2 homework assignments
which featured special relativity problems. Twenty-nine
students turned in homework during the term. Student
solutions were scanned twice: before grading (for a clean
copy of the students’ work) and after grading (so we could
record the feedback students were receiving about their
sense-making performance).

Students were provided with written feedback on the
content of both their solutions to the physics problems
and their responses to the sense-making prompts. The
feedback took the form of short questions aimed at draw-
ing the student’s attention to places where errors oc-
curred and asking them to consider what changes they
might have made to their solution or how they displayed
their work and their reasoning. Homework was promptly
graded and returned to students, typically within 1-2
class days. Often, the grader gave a brief announcement
to the course as a whole identifying common errors on the
assignment and suggesting how students might improve
for future assignments. Detailed solutions to the home-
work, including responses to sense-making prompts, were
made available on the course website.

In this paper, we report on the sense-making strategies
students used on Homework 4-8 where they were asked
to use sense-making strategies but these strategies were
not prescribed. These assignments contained a total of

15 sense-making prompts: 12 that speci�ed the number
of strategies to use and 3 that did not. We received
assignments from 27 study participants, although not all
students responded to every sense-making prompt.

Many responses contained several sense-making strate-
gies, and each strategy was individually coded using an
emergent coding scheme [8]. Although it was generated
independently, unsurprisingly the strategies found were
similar to the student generated list found in Table I. Of-
ten, students labeled which strategy they thought they
were using. We coded the students’ work based on what
the student actually did, thus our codes sometimes dif-
fered from how the student labeled the strategy.

IV. RESULTS

The codes of student work and their accompanying de-
scriptions are presented in Table II. In the end, the data
set contains 333 responses to sense-making prompts; out
of those came 825 coded sense-making strategies. During
coding, 18 unique sense-making strategies were identi�ed
(Table II). These strategies were broken into 3 categories:
dimensions, cases, and other strategies. Many of these
strategies aligned with those identi�ed by the students
(Table I) though not all did. Examples of students’ work
demonstrating some of the most frequently used sense-
making strategies can be found in Fig. 1-6.

The most common sense-making strategy was to check
the units or dimensions of an answer. Students performed
this strategy in a number of di�erent ways. By far the
most common way was to substitute the fundamental di-
mensions of quantities (e.g. length, mass, and time) into
the answer equation and then check that the dimensions
on both sides of the equals sign were the same (Fig. 1).

FIG. 1. Student example of using fundamental dimensions to
analyze the Lagrangian of a free particle.

We also observed students perform this process with
(1) units (e.g. meters, grams, and seconds) instead of
fundamental dimensions or (2) compound dimensions
(e.g. acceleration, force, and energy) (Fig. 2). The
strategy of using compound dimensions was advocated
for by the instructor on the second day of class as hav-
ing 2 advantages: (1) it can be faster than breaking ev-
erything down into fundamental dimensions, and (2) it
fosters deeper understanding of the connections between
quantities. However, we found that students infrequently
used this compound dimension strategy when checking
dimensions on their homework solutions.

The next most common sense-making strategy was to
check special or limiting cases. The special case strat-
egy is when a student evaluates their equation-answer
with precise values that allow for meaningful interpreta-
tion/comparison (Fig. 3).






