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Abstract - This paper reports on the development of an
on-line course in Engineering Statics. This coursis part
of a larger effort, supported by the William and Flora
Hewlett Foundation through Carnegie Mellon’s Open
Learning Initiative (OLI), to create and sustain freely
available, cognitively informed learning tools degjined to
provide a substantial amount of instruction through the
digital learning environment. Being available to loth
individuals and to institutions, the course is inteded to
increase the number of learners and to support
instructors with high quality content and pedagogial
design. To access Engineering Statics course usé&lO
website,  http://www.cmu.edu/oli/, click on the
Engineering Statics logo, and on the following pagelick
on “Open & Free Version”. The course builds upon lhe
ongoing work of the authors to reorganize instructon in
this subject to better address the conceptual chalhges
students face. Each of the approximately sixteenadules
comprising the course is based on carefully articaked
learning objectives. Each module contains some
expository text and a substantial variety of exerces and
simulations; these activities capitalize on the coputer’s
capability to promote interaction, and to display dgital
images, animations, and video. Student learning
supported through frequently interspersed “Learn by
Doing” activities, which offer hints and feedback.
Summative “Did | Get This” interactive assessments
signal to students whether objectives are met andffer
scaffolding when appropriate.  Through its various
activities, the course is interactive and self-cogcting by
providing feedback not only to students, but also @
instructors.
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INTRODUCTION

Steif

to utilize Statics adequately in the analysis aedigh of
mechanical systems and structures which they cohfro
subsequently. Prior to beginning work on the OLatiss
course, the authors along with others identifieg éencepts
in Statics [2] and developed a testing instrum#d, Statics
Concept Inventory, to measure a student’s abiltyuse
those concepts in isolation [3-5]. The authors alsmbined
a variety of instructional techniques known to ease
learning, such as active learning, collaboratiategration of
assessment and feedback, and the use of concrggecadh
manipulatives, to devise a sequence of learningutesd6].
Besides providing stimulating activities for theagtroom,
these learning modules reflected a more deliberate,
sequential approach to addressing concepts incStatbne
feature of this approach was the initial focus dre t
equilibrium of simple objects that could be heldHand, and
for which the forces are readily apparent to sttslerilhis
approach overall has been well received by factittsgugh
conference presentations, and interest from intirsicin
adopting these materials. The OLI Statics couegstalizes
on the experience gained by the authors in devwejppind
implementing the learning modules.

While this new instructional approach does not iequ
the computer, it was natural for the authors taliregas to
whether the capabilities of computers and the wah c
complement and enhance this approach. At the sane t
the burgeoning demand for engineering and technical
education begs for newly available technologicalgdo be
leveraged as fully as possible. While these nenlstanay
have affected learning substantially in some subjanany
subjects remain as they have been traditionallghguwith

lecture and textbook homework problems. When
deficiencies in this time honored approach are
acknowledged, we can identify particularly fruitful

opportunities for computer-based materials, cogplithe
evolving understanding of how people learn with
improvements in computer technology, to fundaméntal
rethink the learning process.

The pedagogical philosophy that underlies the OLI

Statics course is based on the following critique the
authors of traditional Statics instruction [1].  Imost
institutions, Statics is taught with an emphasis tbe
mathematical operations that are wuseful in

implementation, but without enough emphasis on rogle
the interactions between real mechanical artifacBften,
students who learn Statics in this traditional ail/to learn

its
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DESCRIPTION OF THE ELEMENTS OF THE COURSE

Learning is also promoted by exercises that include
questions requiring a one or two-sentence writtagwer

The final course is expected to consist of fourtani from the student. After the student submits anvansan

comprising 16 modules. The first five modules haesn
field tested.
completed, but are not available yet on the pubiibsite,
and the remaining modules are
development. Completion of the course is schedidedall

2008. To provide a consistent thread through thersm
major conceptual themes of Statics are articulatedhe
course introduction and revisited at the startaafheunit and
module.
devoted to carefully articulated learning objectivbat are
independently assessable. From any page of thse@kig.
1), students can see the learning objectives ferctirrent
module by clicking on the objectives button in tiog or
bottom of the navigation bar.
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FIGURE |
SCREENSHOT OF TYPICAL PAGE FROM ONINE STATICS COURSE

Corresponding to each learning objective is expogit
text integrated with a large variety of simulatioand
exercises, which capitalize on the computer’s céipaltio
promote interaction and to display digital imaged aideo.
Student learning is supported through frequentigrapersed
“Learn by Doing” activities, which offer hints aridedback.
Summative “Did | Get This” interactive assessmesitgal
to students whether objectives are met and offeffading
when appropriate.

2a. Exposition

In the exposition, relevant concepts, skills andhoés are
explained. In addition to words and static imageasic
content is presented through other means. Sealbdésy
learning
analogous to in-class demonstrations, which ateaied by
the student. . A one or two sentence “Observatfolibws
each simulation, ensuring the student takes away
intended lesson. In Interactive Guided Simulatisnglents
adjust parameters and see their effects (what-flyais).
Often these are motivated by a question to be anesivay
the student. These simulations are also followgdvith a
succinct observation. The extensive use of motioconvey
basic concepts is consistent with the authors’ gedizal
philosophy of making forces and their effects isif.
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Each module consists of a set of pagesh easimple objects to uncover relevant lessons.

expert answer appears and the student may comipane t

An additional four modules have beerSuch “Submit and Compare” exercises seek to fastécal

thinking on the part of the student. To clarifydasolidify

in various states ahaterial, the course takes advantage of digitalggsaof

relevant artifacts and video clips of mechanismalso,

consistent with the authors’ pedagogical philosopdfy
focusing initially on forces associated with manéting

simple objects, students are often guided to méaipu
Rinadhch
page, which is devoted to a specific learning dbjec ends
with a brief “To sum up” that help students ideptihe key
points and review them conveniently.

2b. Problem Solving and Formative Assessment

Statics requires doing as well as understandinglasger

tasks have been carefully dissected and addressed a

individual procedural learning objectives and stef&veral
approaches are used to help students learn sucadunes.

Such a procedure would first be explained in shiaig
text, including steps, as appropriate. Secondafipication
of the procedure would be demonstrated with a webdet
example or more likely with &Valkthrough’ : an animation
that combines voice and graphics to walk the stuttenugh
an example of the procedure. This approach idylite be
effective, since it engages both aural (hearing) wisual
pathways, thereby diminishing the mental load onhea
This is particularly valuable if student are to mak
connections between words and evolving graphics.

In “Learn By Doing' exercises, students first engage in
problem solving procedures. In these computemrsuto
students practice the new skill as they receivenédive
assessment. Hints, with increasing degrees of fagigciare
available to the student at each step. The hirtsessively
supply the relevant underlying idea or principleklthe
general idea to the details of the problem, anchieadly
provide the answer, while explaining how it is aed at. In
addition, wrong answers at each phase provoke émidb
Depending on the question, feedback for an incoameswer
may be generic ("That's not right") or specific dailored to
an incorrect answer for which a likely diagnosisttoé error
can be made.

2c. Summative Assessment

After a learning objective is concluded withBo*Sum U},
students can assess their learning thrdigd | Get This?”
exercises. Such assessments capture the conospted in

is promoted by Non-Interactive Simulations the learning objective, as well as procedures ealierThe

student can then determine whether further study®fious
material is warranted. In some cases, if the studannot

threspond correctly, the system offers scaffoldingwhich the

problem is broken into a series of substeps; attang the
student can go back and answer the main quesionsome
such exercises, additional versions of the quefgtioblem
can be generated, offering the student further dppiies to
assess themselves.

Nearly all interactions with the system are logged,
which will enable data-mining technologies thatogize
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patterns in students’ work. Such patterns carr éfignative
assessment to the instructor, and insights to tharse
authors that can inform future development of therse.

EXAMPLES

In this section, we show examples of different elata of
the online materials that seek to accomplish thtenil
benefits listed above.

Walkthrough

Sometimes complex explanations or lengthy procedare
difficult to follow with written text and diagramslone.
Here one can capitalize on the advantages affolued
multiple pathways (aural and visual) to convey infation
Further, the diagrams can evolve in synchrony tithvoice
so the user’s attention is appropriately focuseéiompare
this with the burdens of going back and forth betwiéext in
a textbook and the figures on the side or on thé page.
When this is done with standard video controls,ubser has
full ability to pause, stop, rewind, and repean Figure Il
we show three screenshots of a Walkthrough thalae
the addition of force vectors using components.

WALKTHROUGH

Fi="1321

Step 1: Resolve each force into components

IIREE] . [ > o)

Step 2: Find the components of the sum

R, =TF
i

) I ] r>

FIGURE Il
WALKTHROUGH EXPLAINING THE ADDITION OF FORCES BY COMPONERS.

Learn By Doing

The computer can play a significant role in prowgli
appropriate support to users who are first leartngolve
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problems. This includes the opportunityrézeive hints, and
to get feedback on wrong answers or approachéag offer
various versions of.earn By Doingexercises. Sometimes
the user is taken through the steps of a proceduré,is
expected to perform the steps one at a time. Ireroth
instances, as in the example shown in Figure Bers are
asked to solve a problem entirely on their own éllgwafter
they have practiced the skill in a guided modé)théy need
help, therscaffoldingis offered in the form of an initial step;
at any point they can complete the problem on thein and
enter the answer.

The problem depicted in Figure Il features twocks,
each with a crane, which are shown successivetiptover
because the load is too large. In this problemhawee given
the user a 2D model to represent this situatiohe (odule
in which this is found deals with equilibrium; latmodules
deal with the reduction of 3D situations to 2D misdgsing
symmetry.) From the given free body diagram, useesto
find the reactions on the tires or supports.

Use the conditions of equilibrium to determine the unknown support
reactions in terms of the weights W and L, and the distances d and b.

selectone -

Hint: *ou should find the unknown support reactions A and B using the
conditions of equilibrium. If you need more help in doing this, click
here and we will give you additional help.

FIGURE Il
PROBLEM UTILIZING EQUILIBRIUM UNDER FORCES ACTING IN THE SAME
DIRECTION

Figure IV pertains to the same problem, now duthng
scaffolding (the steps refer to four overall stépssolving
problems using equilibrium). Notice that studeots be
prompted to think about strategy (to find one qitgnt
directly, which equation would you use?), and titewdown
a particular equation of equilibrium, the algebredgiation to
be constructed with multiple pull-down menus.
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The problem excerpted in Figures Il and IV

completed in Figure V, where we seek itderpret the
solution that appears in variable form. The chain of;.

reasoning is not conveniently reduced to a seffiesuttiple

choices. Thus, with thiSubmit and Comparexercise,

students submit an answer and then view the eapsiter.

Lse the conditions of equilibrium to determine the unknown support
reactions in terms of the weights Wand L, and the distances d and b.

selectone A

Step 4: Write down equilibrium equations and solve forthe unknowns

To find B directly, which single equation would you use?
zFy=0 OZHI.:. =0 IMz=10

After finding B, which equation could you use to find A7 For each equation,
indicate whether you could use that equation to find A

TFy=0 Eyes no
TMa=0 ves  (@Ono
FME=0 ©yes no
Write down the equilibrium equations and solve for A and B:

b AR R Y A AN - R

Back Start Over

Hint: In calculating the moments due to forces pay attention to the sign
of the moment (+ for CCW and — for CW) and find the correct
perpendicular distances.

FIGURE IV
FOURTH STEP OFSCAFFOLDING OFFERED TO USER WORKING ON PROBLEM
SHOWN INFIGURE IlI

Are the formulas far the normal contact forces A and B always valid no matter
whatthe load Lis? Consider what happens when the truck leses balance and
tips.
W+ idia+1]
ity Bt Bad
2
W=ALldib-1]
2

B=

Your Answer:

yes, they are always valid

our Answer:

The formula tells us that when L increases the force B decreases; B can even
reach zero. The formula even says the force can be negative. Since we
assumed B to acttoward the truck, the negative sign has to be interpreted as
ground pulling on the truck tires which is physically impossible. So the formula
is then no lenger valid, since the ground cannot pull down on the tires.

When the truck tips, ittips about the left side; thatis, the right side lifts off.
Therefore, the condition of impending tipping is when the force B just reaches
ZETD.

FIGURE V
SUBMIT AND COMPARE EXERCISE THAT COMPLETES PROBLEM OF FIGURH!|
IN WHICH THE USER ATTEMPTS TO EXPLAIN HOW THE FORMULASHEY
FOUND SUGGEST THE CONDITIONS UNDER WHICH TIPPING OCCURS
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is Guided Simulation

In many subjects, dynamic simulations can helpiaamtly
in conveying an idea. Such simulations may be Empith
no user control other than to start and stop, o tie user
having control over one or more parameters. Thierla
enables the user to pose and answer what-if questio

In Figure VI we show a simulation in which the user
explores static equivalence. A force is applied tmar in the
center, and the same force is applied to an id&nkiar at
one end. To produce the same net motion of the,bad
couple must be added when the force is moved. UBee
can alter the sense and magnitude of the coupleletedt its
effect on the bar’s motion. Motions of all bare dgisplayed
simultaneously, assuming all loads are appliedtiersame
brief instant. This exercise is guided, in thakemssare
prompted to seek a couple that produces a desirebroe.
Subsequent to this simulation, the student studhes
algorithm for determining the necessary couple.

Click the "Show Motion” button below and observe the motions of the three bars
Motice that with the magnitude of the couple CM initially setto 0, the motion of the
right (blue) baris the same as the motion of the middle (purple) bar.

Mow click ‘Reset and adjust the magnitude and sense ofthe couple CM so that the
motion of the right (blue) bar is the same as the left (yellow) bar,

e ey

Sense of the couple CM: CW = CCW
Reset

Magnitude of the couple CH: 07 |5 Fa

FIGURE VI
GUIDED SIMULATION IN WHICH THE USER EXPLORES THE CONCEPOF
STATIC EQUIVALENCE BY STUDYING THE EFFECT OF ALTERINGHE COUPLE
THAT MUST BE ADDED WHEN A FORCE IS MOVED TO ANOTHER P@T.

Did | Get This?

After completing a learning objective, students éhaa
chance to self-assess with Did | Get This exercisgéfe
exercise depicted in Figure VIl is an assessmenthi:
module from which the walkthrough of Figure Il @kén.
Students are asked to determine the net force iagstavith
a combination of forces. They are to resolve défife forces
into components given various kinds of informatiaimout
those forces, sum the components, and finally desdhe
vector sum in terms of the magnitude and direction.
Students are given the opportunity to answer thestipn
with no hints. Should the student not answer atiyethe
student is offered “scaffolding” when requestingiat. This
scaffolding allows students to check their interiate
results in the solution.  The program can autoradyi
generate a new problem, so that students who ate no
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independently successful in the first attempt hadditional
opportunities to try again.

Determine the sum of three concurrent forces:

Force F1 has a magnitude of 6N; its line of action of passes through points A (1, 1) and B (4, 3)
Force Fz has a magnitude of 6N; its line of action is parallel to a 3-4-5 triangle
Force Fz2 has a magnitude of 7N; its line of action is at 60 degrees to the horizontal

¥

What is the magnitude of the sum?

R= | N

What is the direction of the sum?

6= degrees

Hint: Since the purpose of this activity is self-assessment, there are no
hints. However, if you're still unsure of the procedure, you can
to expand the problem to include the individual steps.

What is the magnitude of the sum?

w
=~
w

R= N

What is the direction of the sum?

ma

8= degrees 13

Recall:

Step 1: Resolve each force into components:

Fix M F1y N
Fax N Fay N
Fax M Fay N
Step 2: Find the components of the sum by summing components of the forces:
Rx=IFx= N Ry=2Fy= N
Can you finish the problem on your own now? If not, click here to be reminded of
Steps 3 and 4.
Hint: Fixis 4.99

o get previous hint

FIGURE VI
DID | GET THIS EXERCISE ON SUMMING FORCESSHOWING SCAFFOLDING
THAT ASKS FOR AND DISPLAYS INTERMEDIATE RESULTS

IMPACT OF THE COURSE

We expect these educational materials to be usadrariety
of ways described below.

Traditional course with instructors (blended made)

The OLI Statics course can be supplemental mateniahn
electronic textbook and tutor, for students in aditional
instructor-led course in instances where web-bédsaching
has clear advantages over traditional instructiombe
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modular format permits instructors to include atl anly
selected elements of the courseware. The matenialslso
designed to be used independently by students witho
supervision outside of class (in an outside reatimgework
mode); they also enable asynchronous/distanceiteafar
students who might be off-campus during some timeod
to stay abreast of the course (for example, cotagests;
students not on campus in the summer). Given ni@e
topics are being viewed as necessary and less isme
available to learn the traditional basics, the male can
facilitate accelerated learning of selected topics.

The materials give students constant feedback as to
whether they are on track; so, unlike the traddlon
classroom where students are given many problems bu
relatively little feedback, students in an on-lowurse can be
empowered to seek repetition only as appropriatéhéir
learning trajectory. In one of the testing peria#scribed
below, we saw students repeatedly re-use moduleslittify
their understanding. This permits components ofciierse
to be assigned as “required learning” as opposéttpired
reading” outside of class, since students can Qained to
complete the various activities on some portioa afiodule,
with instructors receiving back reports on studesage.
Then, class time is freed to be used more prodeigtifor
example on design projects, more advanced crititaking
and problem solving. In addition, faculty officeurs can
also be re-focused on less routine problems.

Institution offering an entire OLI course onling firedit:
When institutions are limited by the availabilityf o
instructors for a particular course, an OLI coursan
function as a fully stand-alone course. Credit fourch
courses is offered through academic institutiorss donnect
to OLI, and there are currently no charges foritiumsbns.
Resources may allow for an individual to serve as a
coordinator, with the bulk of instructional respitilgy
falling on the OLI course. In these ways, the @blrses
increase the options available to an increasingeaaf
institutions, including small engineering progranasd
community colleges, which often wish to offer Stati
courses.

Independent, remote self learners:

OLI courses seek also to serve individual, indepand
learners who wish to learn subjects without recgj\iredit.
Individuals can register so that their progredsasked from
one session to the next, or work anonymously. g$tarh
students, the course materials constitute an eldctr
textbook with a private tutor. This may also setive needs

of learners in non-traditional programs where baglgd in
certain subjects, but not credit, is necessary.e dpenly-
available OLI materials may also constitute a piiddig
valuable supplementary learning resource even to
engineering students in courses that are taugtriaditional
way and are unaffiliated with OLI. In the OLI cser
problem solving, which is common to all statics is®@s,
includes extensive scaffolding, hints, and feedback
representing a useful learning aid to such students
Furthermore, the OLI course materials could forresource

for students who have completed Statics and arewiwg
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either for a follow-on course or for professionglehsure
preparation.

TESTING, LEARNERS FEEDBACK , AND IMPROVEMENTS

performance as learners move through the course.
Instantaneous feedback is provided to the individtiadent,
signalling when concepts are not fully understoaut a
additional studying is needed. The feedback orsscla
performance overall allows instructors to focusclass

Extensive user testing of OLI courses prior to theinstruction on concepts least understood, and tbetake
development of the OLI Statics course establishied t complex activities of mentoring, dialogue, colladidre

usability of interface elements that are commonntany
courses. Initial versions of some of the interfatements
that were developed specifically for the OLI Stat@ourse

exploration, or design projects.
We believe this project promises to further the
development of course content in Statics and otafilanal

were user-tested at CMU in Spring 2006 by expents itechnology, generally. Also, in providing a ricét ©f data

human-computer interaction (HCI). Students werecdio
spend one hour on various portions of modules ard to
take a test related to their learning.

The first five completed modules were used in adbésl
mode during the first six weeks of two sectionsadbtatics
class at Miami University in Spring 2007. Studentsrked
through portions of modules in class, so the imstnucould
observe and offer help if needed. The completiomodflules
was assigned to be done outside of class. Inithe dix
weeks of the semester there was no lecture, aridxtioook
homework; only the OLI course was used.

on student interactions during learning, the OLlirse will
constitute a live test bed for research investigatthe
effectiveness of various instructional approaches.
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relevance to the future development of the coulBemary
among them were misunderstandings
displays were interactive and which not, and, imtaie
instances, what action, if any, was expected of uker.
Such issues are particularly important in a coumsehich
the user has come to expect interactivity nearbrgwvhere.
A revised version of this type of exercise was digwed to
clarify the expectations of the student.

Instructor observations and comments from Miami
Selvera

students did offer many important insights.
suggestions were targeted for implementation; sare
already implemented, the rest will be implementedfall
2007.

Detailed assessment of the five modules used in 3
blended mode at Miami University is currently being

conducted and will be described in the future.
SUMMARY

A web-based engineering Statics course is beingldped
under the auspices of the Open Learning Initiatate
Carnegie Mellon University. OLI Statics weaves tihge
interactive elements, such as user-controlled sitinus,
voice-graphic linked explanations, and problem-smv
tutors with hints, feedback and evolving scaffoidio assist
the user in achieving learning objectives conststeith a
conceptual understanding of, and a practical tgcilith,
Statics. We expect these educational materialg taskd in a
variety of ways in different contexts, includingn astructor
looking for supplemental course materials, an tutn

seeking to offer an entire course online, or a itemo

independent student wanting to use the course ialstais a
combination of an "electronic textbook" and an fore
tutor”.

The course is

instructors. The system collects information abstutdent
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regarding which
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