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Since it was founded in 2008, Khan Academy has provided free learning resources to
millions of educators around the world. Originally focused on math, Khan Academy now hosts
several courses spanning all math levels (preschool through college), social studies, science,
SAT prep, and English Language Arts (currently in beta mode at the time of this paper) — and it
is still expanding its repertoire of courses. Khan Academy focuses on the use of video tutorials
and practice with immediate feedback to help learners progress through the standards. In recent
years, features such as “Mastery Courses” have allowed teachers to personalize the content and
allow for differentiation based on student performance. While it would be impossible to review
Khan Academy in its entirety, the focus of this paper is on one course, AP Statistics. As an
advanced placement (AP) course, College Board has very specific standards and test formats, so
this paper will delve into the ways Khan Academy’s AP Statistics course adheres (or fails to
adhere) to multimedia principles as it supports its learners.

Upon logging into Khan Academy’s AP Statistics course, it is clearly organized into 14
instructional units, all of which mirror the content of the 9 units promulgated by College Board.
Students can select a unit, and they will see a clear progression of videos, practices, quizzes, and
a culminating unit test. Each topic lists its associated AP standards first, and then lists the
learning activities in order where videos and practices are denoted by different icons.
Additionally, the students will see a list of practice to complete. As students complete the
practice, their points accrue in Mastery Course so they can “level up” their points and standing.

See image below for an example of these features:
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Making and describing scatterplots

AP Stats: DAT (BI), DAT-1 (EU), DAT-1.A (LO), DAT-1.A.1 (EK), DAT-1.A.2 (EK), DAT-1.A.3 (EK), DAT-1.A.4 (EK), DAT-1.A.5 (EK), DAT-1.A.6 (EK),
UNC (BI), UNC-1 (EU), UNC-1.5 (LO), UNC-1.5.1 (EK), UNC-1.5.2 (EK), UNC-1.5.3 (EK)

Learn Practice

| »  Constructing a scatter plot
Up next for you:

} > Example of direction in scatterplots Making appropriate scatter plots
Get 3 of 4 questions to level up!

— Positive and negative associations in
o Start
scatterplots
‘ ~ Bivariate relationship linearity, strength and
direction Positive and negative linear associations
from scatter plots
I Describing scatterplots (form, direction, Get 3 of 4 questions to level up! o

strength, outliers) -
Practice

Describing trends in scatter plots
Get 3 of 4 questions to level up!

Practice

Describing scatterplots
Get 3 of 4 questions to level up!

Practice

As students complete the practice, they receive immediate feedback on their answers.
Even if answered correctly, students can choose to see a step-by-step explanation. If incorrect,
students can choose to “try again”, “get help” (links to a video), or “skip for now”. They can
also opt to receive a “hint”, which provides a similar type worked example. Once students have
proceeded through all the instruction, the unit ends with a culminating test. This test is generally

a combination of both multiple choice and short answer problems where students must calculate

and manually type in their answers.
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Upon first viewing, Khan Academy adheres to several multimedia design principles. The
first that is clearly evident is the use of the segmenting principle. Mayer & Pilegard (2014)
define segmenting as the idea “people learn more deeply when a multimedia message is
presented in learner-paced segments rather than as a continuous unit” (p. 316). In the figure
below, an example is provided that shows an overview of a lesson from the AP Statistics course.
Learners can clearly follow the progression of steps, and with the details included about time of
videos and number of questions in practice, they can make informed decisions to control how

much they wish to complete in one sitting.

Sampling and observational studies

Lesson

> Identifying a sample and population

Video + 2 minutes

s Identifying the population and sample

Exercise - 4 questions

> Generalizabilty of survey results example

Video + 2 minutes

s Generalizability of results

Exercise - 7 questions

> Examples of bias in surveys

Video + 5 minutes

> Example of undercoverage introducing bias

Video - 4 minutes

» Identifying bias in samples and surveys
L‘I Article

s Bias in samples and surveys

Exercise - 7 questions
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In all Khan Academy courses, videos play an integral part as they are the means for
conveying the content. Because of the heavy reliance on videos, the modality principle is also
clearly on display in the AP Statistics course. In the modality principle, according to Low &
Sweller (2014), “students learn better when the associated statements are narrated rather than
presented visually” (p. 227). The AP Statistics course videos all contain auditory narration while
on screen animation (usually in the form of problem solving) is occurring. An issue of note is
that closed captioning of the videos (which provides on screen text of the audio comments) is
automatically turned on, which can increase cognitive load and potentially lead to extraneous
overload as both sources of information (on screen animation and on screen text) are processed
by the visual system (Low & Sweller, 2014, p. 235). However, it is easy to click off the closed
captioning to remove the text on screen and just have the auditory narration.

Along with segmenting and modality principles, Khan Academy’s AP Statistics course
incorporates the feedback principle particularly well. As seen in the figures below, the AP
Statistics course provides different types of explanatory feedback regardless of whether the

original answer was correct or incorrect:
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Saturday 11 39 50

TOTAL 110 390 500
In this sample, are the events "Tuesday" and "Friday" mutually exclusive?
Choose 1 answer:

° CORRECT (SELECTED)
Yes

@ INCORRECT

No

Find the probability that a randomly selected baby from this sample was born on Tuesday OR on Friday.

P (Tuesday OR Friday) = 160/50
(Tuesday riday) =11 Great work!

You got it. 4 more!

Way to go! See a step-by-step solution. Report a problem

A cereal company is putting 1 of 4 prizes in each box of cereal. The prizes are evenly distributed so the
probability of winning any given prize is always 1/4A

Lily wonders how many boxes she should expect to buy to get all 4 prizes. She carried out 20 trials of a
simulation and her results are shown below. Each dot represents how many boxes it took to get all 4 prizes
in that trial.

4 5 6 7 8 9101112131415
# of boxes purchased

Use her results to estimate the probability that it takes fewer than 7 boxes to get all 4 prizes.
Give your answer as either a fraction or a decimal.

P(fewer than 7 boxes) ~ a/20
Give it another shot!

Try again, Get help, or skip for now.

Stuck? Watch a video or use a hint.

oo e

In the images above, correct answers link to a “step by step solution” and incorrect answers are
offered “get help”, “watch a video”, or “use a hint”. According to Johnson & Priest (2014),

“explanatory feedback guides the learner in selecting the appropriate information and

consequently reduces the amount of extraneous processing relative to providing only corrective



KHAN ACADEMY AP STATISTICS CRITIQUE 7

feedback” (p. 449). By providing explanatory feedback and not just corrective feedback, the
extraneous cognitive load is lessened because the student does not have to expend memory
capacity determining why an answer was incorrect (Johnson & Priest, 2014, p. 451).

Perhaps the most prominent multimedia design principle on display in Khan Academy’s
AP Statistics course is the worked examples principle. Worked examples are, in essence, a

problem with its solutions steps that led to the final answer (Renkl, 2014, p. 392). The following

screenshot shows an example of a worked example from Khan Academy’s AP Statistics course:

This type of video, followed by its associated practice problems, follows Renkl’s (2014) typical
procedure for worked examples: introducing the principle, followed by multiple worked
examples (one is not enough), followed by student’s individual work on problems (p. 392).
Renkl states “when beginning learners solve problems, the corresponding demands may burden
working memory capacities or even overload them” (p. 400). Thus, especially during initial
knowledge acquisition, worked examples such as those provided by Khan Academy’s AP
Statistics course help the learner attain new knowledge while taking care to minimize any

potential extraneous overload.
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While Khan Academy’s AP Statistics course clearly adheres to several multimedia
principles as evidence above, it is severely lacking in one area. The AP Statistics Exam, which
provides students with college level credit if they pass, is designed as a half multiple choice, half
free response exam. While Khan Academy does an adequate job preparing students for the
multiple choice section, it does little to prepare students for the free response portion. The free
response questions demand high level conceptual understanding, interpretations, and clear
communication of patterns and connections between topics. This could best be accomplished if
Khan Academy incorporated the self-explanation principle into its multimedia design. Wylie &
Chi (2014) define the self-explanation principle as “a constructive or generative learning activity
that facilitates deep and robust learning by encouraging students to make inferences using
learning material, identify previously help misconceptions, and repair mental models” (p. 413).
Even without an expert present, encouraging students to self-explain by engaging cognitively
with the material led to improved learning outcomes (Wylie & Chi, 2014, p. 415). Khan
Academy would no doubt have difficulty incorporating this principle, as it would be near
impossible to program an algorithm for providing instant feedback to such activities. However, a
possibility could be providing students with a self-explanatory task, similar to an AP exam free
response question, and then providing a video explanation that students can view after trying to
task on their own. While not a perfect system, it would at least provide opportunities for learners
to make connections and practice higher level thinking as they refine their schema domains in
preparation for the AP exam. As it currently stands, the AP Statistics course is more than
adequate for offering basic conceptual and procedural support to students, but it lacks true depth

in terms of cross-conceptual application type problem solving skills.
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Ultimately, the AP Statistics course in Khan Academy provides a valuable free resource
for educators interesting in supporting their in-class instruction with a well-designed multimedia
product. While it is still lacking in truly rigorous, schema refining cross-conceptual tasks that
will assist in increased performance on the free response portion of the AP exam, it provides
thorough instruction in the basic conceptual knowledge and procedural skills needed as the
foundation for success. Caution is advised if an instructor wished to use Khan Academy AP
Statistics as their sole means of instruction, but as part of a well-rounded instructional design the

AP Statistics course is a highly recommended supplemental resource.
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