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Abstract

Online learning platforms serve as powerful telescopes for

education researchers to observe and understand student

learning through the large amount of data they collect.

However, interpretation of online learning data remain a major

challenge[1], and as a result, many of the initial “images” of

student learning taken by those “telescopes” are quite blurry

[2]. A major reason behind the challenge is that the online

courses designed based on the traditional lecture-homework-

quiz structure measure students’ learning outcome at a much

lower frequency than students’ learning behavior, and often in

lack of any form of pre-test. We propose a new modularized

online instructional design that is able to conduct effective pre

and post-testing for each individual knowledge component. A

series of four online learning modules (OLMs) are created on

the Obojobo platform [3] developed by the Center for

Distributed Learning at UCF. Data from those four modules

allow us to observe the rich and complicated dynamics of

student learning at high resolution, and provide us with a

means of measuring the instructional effectiveness of

instructional materials.

Traditional Instructional Design
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Modularized Instructional Design

Learning and practice materials for multiple concepts and 
skills are being placed together, separated from assessment

Assessments:
• Single Attempt
• rarely involve a pre-test.
• Administered infrequently
• Only sample a fraction of 

knowledge being taught 
due to time restriction.

• Delayed feedback

Learning and practice materials are being divided into 
multiple modules each with a clear learning objective

Assessments: 
• Multiple attempt
• 1st attempt serves as pre-

test, following attempts as 
post-test

• Administered on the order 
of every 30-40 minutes (or 
even shorter)

• Immediate feedback

Outcome: Low Resolution

• A single score indicating the 
proficiency of the skilled being 
sampled in the assessment

• Difficult to correlate with 
observed learning behavior

Outcome: High Resolution
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Observing Learning with OLMs at High ResolutionStudent Test Taking Effort on First Attempt

Students’ test taking effort is measured by analyzing their assessment 
response time using a multi-component normal mixture-model [4,5]. 
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In this study, we select a three component model, with the three 
components corresponding to speeded, normal and slow test takers 
respectively.

TABLE 1: Resulting parameters of the 3-component normal distribution mixture model fit. Coding for the three components: 

1= speeded, 2 = normal, 3 = slow 

Module KE PE CU PS 

Logliklihood -388.80 -268.75 -253.09 -243.61 

Components 1 2 3 1 2 3 1 2 3 1 2 3 

𝜇 62.64 243.67 802.00 32.34 162.89 371.12 17.58 161.88 371.58 32.55 474.83 1299.42 

𝜎 38.75 95.00 19.00 17.62 63.96 27.15 6.34 56.96 90.23 17.93 296.06 54.42 

𝜆 0.13 0.84 0.03 0.16 0.78 0.06 0.09 0.52 0.39 0.11 0.84 0.05 

𝑛 8 53 2 9 34 3 4 23 14 4 28 2 

 

A relatively small fraction (10-20%) of students “speeded” through the 
initial attempt. Most students spent enough time to at least look at the 
problems

speeded

normal

slow

Students’ study time is 
divided into slow, 
medium and fast using 
the same mixture-model 
method

The “normal” range for practice question attempts is defined 
as one standard deviation above and below the average 
number of attempts

mean
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Learning outcome is measured by 
the number of attempts used to 
pass the assessment AFTER 
studying the instructional material 
of that module.

Brief Normal Extensive

The inner circle of the sunburst graph represents 
learning outcome, while the outer circle 
represents learning behavior. Blank in the outer 
circle means a student never studied the 
instructional materials.

It seems that the potential energy module is easier 
and the conservation of ME I module is harder, 
whereas the conservation of ME II module needs 
to be redesigned.Student learning behavior is characterized along three different dimensions:

• Total time spent on studying the learning materials of each module
• The average number of attempts made on all the practice problems (with 

immediate wrong answer feedback). A proxy for the depth of processing.
• Percentage of content accessed. 

Traditional instruction design 
result in a low resolution, 
blurred image of student 
learning outcome

OLM is designed to significantly 
improve the resolution of learning 
measurement [6]
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Each dimension is divided into “Brief”, “Normal” and “Extensive”.  Student learning is categorized as “Brief” or “Extensive” if at 
lease one of the dimensions is “Brief” or “Extensive”, and none of the other dimensions is in the opposite extreme (which will be 
categorized as “Other”). The learning behavior is “normal” if all three dimensions are “normal”. 

Init_Pass: Student 
passing the unit 
before studying
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