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Teaching Principles of Computing with OLI

Project Goals

 Develop online course material where each instructional activity Is tied to a measurable learning
objective, assessment, and targeted feedback;

 Use the material in a blended teaching mode, collecting data through the OLI platform for Iterative
Improvements to the content and delivery of the course material; and

 Measure student learning gain and identify the learning objectives that prove to be most difficult

to achieve In introduction to programming.
Project Design

Principles of Computing (15-110) is CMU’s computer science course for non-
majors that serves 200-300 students every semester. In Summer 2016, the
course was taught using a blended teaching mode, which was the first time
the course departed significantly from the traditional lecture model.

Modules available on OLI : Introduction to Programming with Python,
Iteration, Making Decisions, Putting Iterations and Decisions Together,
Recursion, Data Structures, Data Representation, Encryption, Computability,
Cellular Automata. Modules with programming components include support
for code execution and autograding for feedback.

Instructional activity
development

lterative course
development

| essons Learned

* As instructors developing course content, we found that the course
development approach promoted by OLI guided us in a direction that
let us combine our domain expertise with sound pedagogical
principles.

« The effectiveness of the course delivered in a blended mode met our
basic criterion of leading to significant student learning gain. A
comparison to other teaching methods by controlled experiments
remains as future work.

« Our course traditionally uses two kinds of exams: lab exams assess
basic programming skills while regular exams assess conceptual
understanding of the material in addition to programming skills. The
correlation between Pretest and Exam 1 scores was expected since
they assess similar skills. We expected Quiz 1 scores to have a
correlation with Lab Exam 1 scores for the same reason. However,
Quiz 1 data did not have enough variation to warrant further analysis.

Analysis of student |earning data Couarr‘?g S::'gn We are planning to redesign the quiz to improve the diagnostic quality
collected by OL| — S = PR oo e of questions and the overall predictive quality of the quiz score.
""" QI o s s e wora v ! T
L el ! 0Ll modules used toflip some of the classes « We identified the following concepts to be the most difficult for
o | s g s rnen | e beginning programmers to grasp: (1) The difference between “an
Schedule for Pl Al G i expression evaluating to a value” and "a command causing a side
SUMMETZ20L0 | e e o s ) effect”; and (2) The concept of “calling a function” to obtain a value
UNIT 3: Algorithms Jun 30 : BT oviem et 2 - dune 30, :00 AM and using that value in the computation of another value. We
B i e e o | e e recognize the need to redesign the related instructional activities in the

Project Evaluation

Pretest/Posttest Data
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Summary Statistics

pretest posttest I I I I I | I
average 0.39 0.85 I | I I I

min 0.00 0.47 [0,.1) [.1,.2) [.2,.3) [.3,4) [4,.5) [5.6) [6.7) [.7,.8) [.8,9) [91]

Score
max 0.68 1.00
median 0.39 0.87 H pretest M posttest
25th percentile 0.25 0.84
75th percentile 0.58 0.91

gain = posttest score — pretest score

max
average

Frequency
o = N w H [0, [e)} ~ [ole]

[0,.1) [.1,.2) [.2,.3) [.3,4) [.4,5) [5,.6) [.6,.7) [.7,.8) [.8,9) [.91]
Score gain

Lab Exam 1 Score

PRETEST/POSTTEST ANALYSIS. The test that was given before and after taking the ITEM DISCRIMINATION FOR

course consisted of 19 questions. The Pretest/Posttest chart shows the number of PRETEST. Discrimination Index (DI),
students for each score interval . The Gain chart shows the number of students for per indicates Questions 2, 8, 9, 10, 12,
score gain interval. The learning gain was found to be statistically significant: one- 16, 18, 19 had a reasonable
sample t,,=13, p<.001. (BASED ON SUMMER 2016 DATA) diagnostic quality whereas

Questions 4 and 17 could be
improved. Correctness rates

indicate students had room to grow.

next iteration of course development.

Quiz 1 Data
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Questions

Define a Python function object_volume() that uses cone_volume to calculate and return the total
volume occupied by the pictured object (i.e., the total volume occupied by the two cones that make up

Your object_volume() function must be defined without directly calculating the volume of the
Questlon 5 nes. Instead you m _volume function you wrote for Question 1.

Suppose we replace the return statement with a print statement as shown
below:

def final_amount(principal, interest_rate, years):
print(principal * (1 + interest_rate)**years)

What value does the variable amount have after we execute the following instruction? Why?

amount = final_amount(lee, .85, 2)

PRETEST AS A PREDICTOR OF EXAM ITEM DIFFICULTY FOR QUIZ 1. This quiz is an assessment made after the first module
PERFORMANCE. The Pretest was on programming basics. Question 5 has the lowest correctness rate, followed by
significantly correlated with the Question 4 . (BASED ON SPRING-SUMMER-FALL 2016 DATA)

Exam 1 score (r=.33, p < .05) but not
with the Lab Exam 1 score (r=.13,
n.s.)

(BASED ON SUMMIER 2016 DATA)
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