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The Open Learning Initiative:
Enacting Instruction Online

Ross Strader and Candace Thille

NEW TECHNOLOGIES ARE OFTEN USED to replicate current systems, without
much thought given to how the affordances of the technology can help design
a better system. Higher education has been particularly guilty of this lack of
imagination. Since the days of “distance education” delivered over closed-circuit
television, we have too often sought to use technology simply to replicate the
traditional lecture-based classroom model. Technology has brought about signif-
icant change in many sectors of our economy, yet the primary delivery system
for knowledge in our country has largely remained unchanged.

Why is this? Is it that the traditional lecture-based model works so well
that we have no need to look for anything better, and that we are best served
by using technology merely to replicate and augment this system that has been
in place for hundreds of years? Our process for higher education worked well
in the context for which it was constructed—when we could safely assume
that we were teaching small classes of students with fairly homogeneous back-
ground knowledge, relevant skills, and future goals. However, that context has
changed. We now teach vastly larger numbers of students who have a much
greater diversity of background knowledge, relevant skills, and future goals.

Technology has clearly provided us with some benefits. Students today
do not always have to be physically present in the classroom—instead, we use
technology to provide them with “anytime, anywhere" access to video-record-
ed lectures, electronic textbooks, or audio-based podcasts. We set up online
discussion forums so that our students can communicate and collaborate more
easily and efficiently. Because of technology, we now have the ability to create
elaborate computer simulations of phenomena that are too large or too small
to physically observe. However, at the core of all of these uses of technology
is still the same underlying model: the primary mode of knowledge transfer is
that of a student sitting and listening to an instructor giving a lecture.
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Limitations of Traditional Instruction

Problem No. 1: Many Instructors Teach to a Certain Percentile of the
Class

As the diversity of the student population increases, instructors are forced
to make increasingly tough choices about the level at which their teaching is
targeted. Some instructors teach to the top students in the class, and most of
the students in the class struggle to keep up. Others strive to ensure that the
needs of every student are met, which unfortunately can result in an uninspir-
ing, even tiresome experience for many of the students in the class. Others
seek to hit a middle ground, which can result in both of these problems—half
the class is lost and half the class is bored.

Problem No. 2: Students Frequently Do Not Receive Immediate Feed-
back Crucial to the Learning Process

In order to learn the material, most students listen to instruction in the
classroom and read textbooks. To demonstrate their level of competence, they
turn in homework and take quizzes. By the time they receive feedback on
their work, the chance to correct any misunderstandings or reinforce correct
responses has often passed. The main reason that human tutors can be so ef-
fective in working with students is that they are able to provide immediate,
targeted feedback at the right points in the learning process.!

Problem No. 3: In All but the Smallest Classes, the Student’'s Knowl-
edge State Is a Black Box to the Instructor

Instructors might have brief glimpses into this black box through homework
and quizzes, but again, this information typically arrives too late to be of use
while the instruction is being given—the point at which it would be most valu-
able. Depending on the instructor's ability to interpret students' facial expres-
sions, he or she may have little or no understanding of how well students are
grasping the concepts being presented. In large lecture halls, the instructor is
deprived of the benefit of even this level of feedback beyond the first few rows.
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Problem No. 4: Degrees Favor Time Spent in a Classroom over
Demonstration of Competency

Students come to our colleges and universities with a wide range of back-
grounds and abilities. Yet we force them into a one-size-fits-all four-year plan
toward a degree, with very little flexibility. In addition, degrees do not so much
certify that the student has mastered a given set of competencies and is now
proficient in a particular field as they certify that he or she was in the right
place at the right time for four years running.

Problem No. 5: There Is Great Inefficiency in Creating Instruction
within Higher Education

By and large, instructors create their own course materials for their own lec-
tures. Knowledge gained by an experienced instructor about how best to teach
the material is typically lost when that instructor retires or moves on and a new
instructor begins the cycle again. This model is not as problematic in special-
ized graduate courses where faculty can bring their expertise on a given topic
to bear in a way that few others could. However, it is terribly wasteful in large
undergraduate courses, where there are thousands of instructors across the
country—all developing what are essentially the same materials year after year.

Unfortunately, most of these limitations persist even with the use of new
technologies. The Open Learning Initiative (OLI) was created in 2002 with a
grant from the William and Flora Hewlett Foundation to address these chal-
lenges: Rather than simply moving artifacts of the traditional classroom-based
model to the web, how can we use technology to enact instruction in this
new online environment, and what benefits can we derive from this new use
of technology?

The OLI Approach

To answer these questions, OLI put together a team of content experts,
learning scientists, human-computer interaction experts, and software engi-
neers. We started with one of the most widely used undergraduate courses:
Introductory Statistics. We took advantage of work that had been done in the
field to identify a common set of learning outcomes that students should be
able to achieve after taking the course. We set out to create an online course
environment that would bring to bear not only the affordances of the new
technologies, but also everything that the state of the science had to tell us
about human learning.
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The collaboration among this diverse group of experts led us to a method
of instruction that is repeated throughout an OLI course for each concept. In-
struction on every concept starts with one or more student-centered, observ-
able learning objectives. We then present expository content in the form of
text, images, simulations, short (3-5 minutes) videos, and worked examples
where appropriate (Figure 1).

Interspersed with the exposition are interactive tasks that support students
to engage in authentic practice with the concepts and skills they are learning.
The tasks are presented in a supported environment with hints available to the
students if they are struggling. They receive feedback that reinforces correct
responses and targets common student misconceptions (Figure 2).

Finally, we offer students a chance to do a quick self-assessment and re-
flect on what they have learned, so that they can decide whether they should
move on or whether they need additional practice (Figure 3).

A key attribute of the OLI environment is that while students are working
through the course, we are collecting analytics data and using those data to
drive multiple feedback loops (Figure 4):

* Feedback to students: We provide the student with timely and targeted
support throughout the learning process. This support is in the form of
corrections, suggestions, and cues that are tailored to the individual's
current performance and that encourage revision and refinement.

* Feedback to instructors: The richness of the data we are collecting
about student use and learning provides an unprecedented opportuni-
ty to give instructors a clear picture of the student's current knowledge
state. As a result, instructors are able to spend less classroom time lec-
turing and more time interacting with students in ways that take ad-
vantage of the instructor's unique expertise and interests targeted to
student needs.

* Feedback to course designers: Analysis of these interaction-level data
allows us to observe how students are using the material in the course
and assess the impact of their use patterns on learning outcomes. We
are then able to take advantage of that analysis to iteratively refine and
improve the course for the next group of students.

» Feedback to learning science researchers: Finally, there is a feedback
loop for learning science researchers who use information gathered by
the OLI environment to create and refine theories of human learning.
In addition to building on what we know about learning, our courses
serve as a platform in which new knowledge about human learning can
be developed.
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Figure 1. Learning Objective, Expository Content (Engineering Statics)

Ross Strader [ SIGN OUT ]

© statics MyCourses | Syllabus | Outline | Help | More W

} Unlt e Concentrated Forces a:nd T}leir Effects —

,q Equilibrium Under 2D ( p)
Effects of Multiple Forces Concentrated Forces ‘

modue 4/ Combining Translational Effects

Recognize that translational effects of forces combine as in vector addition.

First, let us consider how the translational effects of forces combine. In particular, we will consider here the
translational effects of multiple concurrent forces acting on a body. By concurrent, we mean that the lines of
action of all forces pass through the same point. As an example, let us consider balls on a pool table.

In the following simulation, each ball is struck by the cue for the same short period of time: the first ball with
a 4N force parallel to the long side of the pool table, the second ball with a 3N force parallel to the short side of
the pool table, and the third ball with a 5N force at an angle as shown. The forces all act through the center of
mass of the ball, so tendencies to rotate the ball are not of concern.

SIMULATION

Start

Observation: You should notice that the ball struck by the 5 N force moves parallel to the force. Its
horizontal speed is the same speed as the ball struck by the 4 N force, and its vertical speed is the same speed
as the ball struck by the 3 N force. You can view the motion of the ball struck by the 5 N force as a
superposition or combination of the motions of the other balls.

Open Learning Initiative
Unless otherwise noted this work is licensed under a Creative Common ibuti ial-Sh: like 3.0 Unported License.
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Figure 2. “Learn by Doing” Activity with Hints and Targeted Feedback
(Introductory Psychology)

For each of the following statements, decide if it fits a child in the sensorimotor stage or not.

The child loves to crawl on the living room carpet.
@ Ssensorimotor stage () Not sensorimotor stage

While you are shopping with the child, she becomes tired and says, “Mommy, go home now?”
() Sensorimotor stage . Not sensorimotor stage

The child frequently puts things in his mouth when he finds them lying around.
@ Sensorimotor stage () Not sensorimotor stage

When eating, the child loves to drop her spoon on the floor to see it fall and to hear the sound as it hits
the floor.

(U Sensorimotor stage @ Not sensorimotor stage

° Thats not quite right. Although an older child might drop things to annoy you, the infant in the
period will often i with objects to learn what happens. Dropping a spoon is
a kind of physics experiment for infants, and both the visual and auditory experience teach the child
a lot about the physical world.

Figure 3. “Did | Get This?" Activity That Allows Students to Self-Assess
Before Moving On (Introductory Psychology)

did I get this?

Complete the following table by dragging the stage and attainment labels at the bottom into the
appropriate spots in the table.

AGE STAGE ATTAINMENT
0to2years || SENSORIMOTOR STAGE HH OBJECT PERMANENCE ||
2107 years || PREOPERATIONAL STAGE MCONSERVATION oF voLuwe]
7 to 11 years ‘ | ‘ ‘
after age 11 | ‘

Stages - Draggable Item

‘ ‘CONCRETE OPERATIONAL STAGE ‘ | FORMAL OPERATIONAL STAGE |

Attainment - Draggable ltem

‘ HYPOTHETICAL THINKING ‘ | THEORY OF MIND |

° Thatss not quite right. Conservation refers to the understanding that objects can change their
appearance without altering some basic qualities, like mass or volume or number. Conservation
requires the ability to think about physical objects in complex and sophisticated ways. It develops
during the third of Piaget's stages.
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Figure 4. OLI Feedback Loops

Instructor
activities

Science of
learning

Student
[J‘E‘I'[L'I rmance

Effectiveness

To evaluate the effectiveness of the OLI approach, evaluators inside and
external to the OLI project have conducted studies comparing students using
OLI in hybrid mode (instructor-led class using OLI) to students in a traditional
classroom environment. In an accelerated learning study using the OLI statis-
tics course, students learned a full semester's worth of material in half the time
and performed as well as or better than students learning from traditional in-
struction over a full semester. Furthermore, there was no significant difference
in information retention between OLI students and traditional students in tests
given more than a semester later.?

Similar results were achieved in a community-college accelerated learning
study with a different course (OLI Logic & Proofs). Students in the OLI course
learned 33 percent more material than students in traditional instruction and
performed at higher levels on shared material.® In a study conducted on the
OLI chemistry course at Carnegie Mellon University, the number of student
interactions with the virtual lab was shown to outweigh all other factors—in-
cluding gender and SAT score—as the predictor of positive learning outcomes.*
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How the OLI Approach Can Address the Limitations of
Traditional Instruction

Problem No. 1: Many Instructors Teach to a Certain Percentile of the
Class

One of the advantages of online education is that students are able to
move through the material at their own pace. Technology also makes it easy
to provide multiple levels of instruction and many pathways through the same
material. Students who come into the course with background knowledge or
who are quick learners are able to achieve a given learning objective and move
on. Students who need more time with the material are able to work through
it at a slower pace and are able to access additional content—alternate expla-
nations, more worked examples, and more practice activities. Depending on
his background, a given student may move quickly through one part of the
course but need to spend more time in another part.

Since we maintain a model of the student's knowledge state behind the
scenes—a model driven by the student's work in the course—one can imagine
that we could deliver course content in a completely adaptive manner. We
could keep giving the student more instruction on a concept until she has
achieved the learning objective, and then allow her to move on to the next
topic. However, we feel that to do so would actually be a disservice to the
student, as we would not be helping her to develop the metacognitive skills
necessary for guiding her own learning. Thus, one of our goals at OLI is for
students to become able to assess for themselves when they need more prac-
tice and when they are ready to move on—in essence, we would like them not
only to learn statistics, or biology, or psychology, but also to learn how to be-
come better learners.

Problem No. 2: Students Frequently Do Not Receive Immediate
Feedback Crucial to the Learning Process

One of our goals in creating an OLI course is that the interactions the
student has with the course should, to the extent possible, model the types
of interactions that student would have with a human tutor helping him work
through the material. Rather than presenting the student with a large amount
of content to listen to or read through as he would with a traditional lecture
or textbook, we introduce him to a concept with a limited amount of expos-
itory content. We then let him move immediately into activities where he is
working with the concept.
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In these “Learn by Doing" activities, the student is not expected to have
mastered the material—indeed, we expect her to make mistakes. During the au-
thoring process, we work to capture the common mistakes that students make
when learning a given concept. This can be done through conversations with
faculty who have extensive experience teaching the course, or by analyzing ar-
tifacts of student work, e.g., homework and quizzes. We then write feedback
targeted toward those common student mistakes. When a student chooses an
incorrect answer, the feedback explains why the answer is incorrect and corrects
that misconception—just as a human tutor would if he were helping the student
work through the material. When done correctly, this can be very powerful.
One student who received such feedback while working through an OLI course
was overheard to say, “How did the computer know what | was thinking?" The
experience that student had is what we strive for when authoring feedback.

Problem No. 3: In All but the Smallest Classes, the Student's
Knowledge State Is a Black Box to the Instructor

We use the model of the student's knowledge state that we maintain
behind the scenes to drive a dashboard-style display for the instructor.> This
display gives a high-level overview of how students in a class are performing
on the learning objectives for each module in the course (Figure 5). This gives
instructors using OLI a rich view into what has always been a black box. Before
going into class, instructors can see quickly the concepts students are grasping
and the concepts with which they are struggling. This enables instructors to
spend their time with students in a way that better utilizes their expertise. In-
stead of spending valuable class time going over concepts that students were
able to learn outside of class, they can address problems students are having.
They can also focus on richer aspects of the material that they might not have
had time to cover in a traditional instruction model.

Problem No. 4: Degrees Favor Time Spent in a Classroom over
Demonstration of Competency

A trend with online education in general—not just OLI—is a focus on
demonstration of competency as opposed to the more traditional “seat time"
measure. In OLI, learning objectives are at the core of everything we do.
They are the focus of the instruction that is presented and are what stu-
dents are asked to evaluate themselves against when measuring their learning.
These objectives are the primary way in which information about students'
knowledge states is presented to instructors. They are the driving force in our
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Figure 5. Instructor Dashboard for Module 1 of the OLI Statistics Course

Module 1

Examining Distributions

ESTIMATED - = =
rEarnive Lever  Learning Objectives

[ Summarize and describe the distribution of a categorical variable in context.

[ » Show Details... ]

:: Generate and interpret several different graphical displays of the distribution of a quantitative

variable (histogram, stemplot, boxplot).
[ » Sheow Details... |

ol ] Summarize and describe the distribution of a quantitative variable in context: a) describe the
overall pattern, b) describe striking deviations from the pattern.
[ » Show Details... ]

ol [ ] Relate measures of center and spread to the shape of the distribution, and choose the
appropriate measures in different contexts.
[ » Hide Details... ]

Estimated Learning by Student @ Class Accuracy by Sub-Objective @
s0students
1dot <= 2students *
.
. Predicting... £
. Mean vs median 38
b Compute median 37
. .
oo . I} . Identify outlier 27
ses0s eove T
Select appropriate... o7,
° 5 correct 100

;:‘: Compare and contrast distributions (of quantitative data) from two or more groups, and
produce a brief summary, interpreting your findings in context.
[ » Show Details... ]

[ — Apply the standard deviation rule to the special case of distributions having the "normal”
shape.
[ » Show Details... ]

course-development teams as new content is authored. While OLI is not a
credit-awarding entity, we strive to create the most efficient process for our
students in much the same way that Western Governors University does. Stu-
dents who have had previous exposure to the material or who are able to learn
it quickly can demonstrate competency and move on. Students who need to
spend more time on a concept are afforded that option. Our goal is not for
every student to complete every activity in an OLI course. Rather, our goal is
for students to work enough with a given concept that they achieve that learn-
ing objective and then move on.

Problem No. 5: There Is Great Inefficiency in Creating Instruction
within Higher Education

Technology can help us solve this problem and maximize productivity
by enabling us to create courses that meet the needs of students and faculty
across many institutions. This will allow us to eliminate the current redundancy
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in creating instruction that is rampant across higher education. For example, in-
troductory statistics courses are taught at almost every community college and
university across the country. Hundreds of instructors each year spend time
creating instruction similar to that created last year at other institutions and
that will be re-created next year at still other institutions. Instead of spending
resources on thousands of separate introductory statistics courses, we think it
makes more sense to bring content experts from a wide range of colleges and
universities together to create a small number of statistics courses that will
meet the needs of students at all of those colleges and universities.

Challenges

Moving to new outcomes in higher education is not without its challeng-
es. The main challenge we find is that when we combine the affordances of
technology with what we know about human learning, the opportunity we
have for changing the way we approach instruction is significant enough that
it necessitates a fundamental shift for both students and instructors. For stu-
dents, the focus on learning objectives rather than on simply completing a
certain amount of assigned work makes them more responsible for their own
learning. They are not always comfortable with this new competency-based
model. While there is much to be gained in helping students improve their
metacognitive skills and become better learners, this represents a fundamental
shift for them, and they need support in making the change. The key to this
change is the underlying contract that we have with the student; we will help
them to avoid wasting time by enabling them to maximize their productivity
in achieving their goals.

For instructors, the challenge is in moving away from the historical ac-
tivity-based model (“students who do more, learn more"). The new model is
one in which the amount of work students must do depends on their diverse
backgrounds and skill sets, with each student doing as little or as much as
necessary to achieve the learning objectives. Instructors are accustomed to
using participation as a proxy for learning. Technology enables us to move
beyond that system and actually measure and report learning. However, it is
sometimes difficult for many instructors to fully embrace this new approach,
as it represents a dramatic change in the way they teach. We have found that
instructor training and participation in communities of use are very helpful to
instructors in making this shift.

Another challenge we face with instructors is the "expert blind spot” prob-
lem, wherein expertise in a subject area may make educators blind to the
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learning processes and instructional needs of novice students. The educators
themselves often are entirely unaware of having such a blind spot.¢ Even when
provided with evidence that a given set of instruction and activities on a
concept does result in achievement of the learning objective, instructors will
sometimes be reluctant to use the material because it is not explained in the
same way that they would explain it. This problem is also rooted in the ex-
isting structure of higher education, where instructors develop the material
for their courses more or less on their own. Our challenge is to help them to
understand that OLI really focuses on what students do outside of class, and
that we can give instructors better information to help them design their in-
class instruction.

Conclusion

At OLI, we believe that technology can be harnessed to make significant
improvements in higher education in terms of cost, productivity, and learning,
and we believe that we are on the right path toward making that change hap-
pen. In 1991, Herb Simon, a Nobel laureate from Carnegie Mellon University,
said that, “Improvement in post-secondary education will require converting
teaching from a 'solo sport’ to a community-based research activity." Informa-
tion and communication technologies can now be used to provide meaningful,
actionable feedback to students, instructors, instructional designers, and learn-
ing scientists. This information is not available in the traditional “teaching as a
solo sport” model. To date, these technologies have not been widely used for
such purposes. Once they are, the long-hoped-for transformational impact of
technology on education becomes a reality.
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