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Online Environment using LON-CAPA

• Integrated Learning Environment for Mechanics

- Built within LON-CAPA

- E-text with instructor videos

- Concept questions

- Easy, Medium, Hard homework problems
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Problem Categorization in Homework

• Problems categorized by Raluca Teodorescu based on her thesis work.

• Categorization provides opportunity to explore problem difficulty and 
student choice.

TABLE 1. The cognitive processes and the knowledge (both declarative and procedural) targeted by easy, medium, and hard
problems. For more detailed definitions of the cognitive processes and knowledge types see ref. [3].

Difficulty Cognitive Processes Declarative Knowledge Mental Procedures Examples

Easy recall, execution, definitions, single rules evaluate definitions, identify
representation, vocabulary terms, and basic appropriate systems, perform

ranking, basic facts, algorithms simple calculations, match basic
analyzing errors simple time graphs with verbal descriptions,

sequences match arrows with relevant forces

Medium same as Easy complex facts complex algorithms choose an appropriate problem
+ integration and time and tactics solving strategy, perform two-step

sequences calculations, compare physical
quantities and outcomes,
over-informed scenarios

Hard same as Easy more complex facts complex procedures evaluate solutions, match complex
+ integration and time sequences, diagrams with verbal descriptions,

principles match problems with their strategies,
and generalizations perform multi-step and limiting case

calculations, multiple object scenarios

edge required and students choose which problems to
solve. These features raise the following questions:

• How do our qualitative problem categories compare
with performance-based measures of difficulty?

• How much time do students spend on the different
types of problems and with what efficiency?

• What seems to guide students’ choice as to which
and how many problems to do?

Three assessment techniques have been used to ad-
dress these questions: LON-CAPA difficulty Di f fLC,
item difficulty using item response theory (Di f fIRT ),
and time measures describing both problems and stu-
dents. All submissions in LON-CAPA are logged with
a time stamp, a score (right or wrong), and the num-
ber of attempts, allowing performance-based and time-
based measurements for problems and students. A total
of N = 63 students interacted with M = 99 questions em-
bedded in our multi-level homework in ILEM.

LON-CAPA estimates problem difficulty using meth-
ods similar to classical test theory, defining the diffi-
culty as the fraction of submissions that are incorrect,
Di f fLC = Incorrect/Total (Di f fLC = 0 if all submis-
sions are correct and Di f fLC = 1 if all submissions are
incorrect). Di f fLC is based only on those students who
attempted a given problem and so may be biased towards
students with either high or low average skill.

IRT allows for a skill-based assessment of problem
difficulty, where the probability that a student of a given
skill level would answer each problem correctly is fit
using logistic models. For these calculations, a matrix
of student responses for each problem is dichotomized
into correct/incorrect (or no response). In the IRT analy-
sis presented here, we consider only the first submission
to a problem; little variation was found between levels

when applying IRT to the seventh submission. We pro-
vide results from a simple Rasch model [8] using the
open source package in R known as ltm. Since our course
was relatively small, problem discriminations could not
be performed; details regarding IRT and our implemen-
tation can be found in ref. [9].

Time-based measures are calculated using time
stamps associated with the first view and subsequent
submissions of a problem. We define the time-per-
problem (τ problem) as the average time students spend
on a particular problem (times for multiple attempts are
accumulated), irrespective of whether the problem was
answered correctly. We define the time-per-submission
(τsubmission) as the average time of individual answer
submissions on a certain problem, again, irrespective
of whether the submission was correct. In all our time-
based calculations, we exclude submission times longer
than 30 minutes to account for idle students; this cutoff
removes ≈ 4% of the total number of submissions.

Distinguishing Easy, Medium, And Hard

We first examine the differences among our easy,
medium, and hard categories of problems with respect to
student performance and time spent. In Fig. 1, two types
of problem difficulty (Di f fLC and Di f fIRT ), time-per-
problem (τ problem), and time-per-submission (τsubmission)
are plotted for each easy, medium, and hard problem
category. Within each measure, our primary interest is
the relative position of the plotted quantities.

Somewhat to our surprise, both measures of problem
difficulty show little difference across the categories,
especially between medium and hard. The Di f fLC (top
plot in Fig. 1) has small variation between easy, medium,
and hard categories: ∼ 58% of all answers submitted to

[1] R. Teodorescu, D. T. Seaton, et. al, PERC (2011).

[2] R. Teodorescu, Thesis, George Washing University (2009). 
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Course Implementation at MIT

• ILEM / LON-CAPA homework

- Easy (+1), Medium (+2), Hard (+3)

- Students must attain 15 points per assignment

- Students generally have to work in at least two folders

• Spring 2011, MIT 8.011 ( ~60 Students)

- Reform course for students needing to re-take introductory 
physics at MIT

- ILEM / LON-CAPA used to prep students each week, only 
required for 5 units

- Class time used for highly interactive group problem solving 
sessions (minimal lecture)

• Data Mining LON-CAPA  Activity Logs!!!
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Problem Categorization
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Student Behavior and Performance

-2 -1 0 1 2
z-score (binned groups)

0.2

0.3

0.4

0.5

0.6

0.7
Ef

fic
ie

nc
y 

( p
oi

nt
s/m

in
ut

e 
) -30

-20
-10

0
10
20
30

Ex
tra

 p
oi

nt
s

D C B A

• Z-score student groups 
based on overall 
performance

• Motivation

- ~ 70% students gained 
more than 15 points 
on 3 or more 
assignments

• Efficiency

- Similar value across  
all groups

[1] R. Teodorescu, D. T. Seaton, et. al, PERC (2011).
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Student Choice - Initial / Final Categories

Unit Initial CategoryInitial CategoryInitial Category Final CategoryFinal CategoryFinal Category
Easy Med Hard Easy Med Hard

Newton’s Laws 50 1 5 3 19 34
Dynamics & 

Modeling 43 2 7 4 13 35
Momentum 45 0 6 7 21 23

Mechanical Energy 45 4 8 12 27 18
Torque & Rotation 48 2 7 7 28 22

• Survey information being analyzed from January course.

• Student number conserved between initial and final state, but not 
necessarily between units.

• What categories do students start with?  End with?
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Comparison with Traditional Homework

• Future work:

- We have built some nice tools for analyzing student 
interactions with homework in LON-CAPA

- Now we need to assess traditional homework with 
these tools, then compare / contrast with our easy, 
medium, hard homework method

- Will be looking at data sets from MSU, UGA, and MIT
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Thanks for your time!

• Collaborators

• Free-online mechanics course!!!  Enrollment starts now!!!

- relate.mit.edu/physicscourse

Mass. Institute of Tech.
David E. Pritchard
Analia Barrantes
Yoav Bergner
Saif Rayyan

Brown University
Carie Cardamone

University of Wisc. - 
Plattville
Andrew Pawl

George Washington Univ.
Raluca Teodorescu

MSU / Sabbatical at MIT
Gerd Kortemeyer
Stefan Dröschler

http://relate.mit.edu/physicscourse
http://relate.mit.edu/physicscourse

