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ABSTRACT

The paper describes different feedback mechanisms available to instructors during the deployment of
online formative assessment exercises.
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I. INTRODUCTION

Technology has enabled instructors to create and distribute a wide variety of educational materials
efficiently. These include numerous types of formative conceptual and algorithmic exercises for which
prompt feedback and assistance can be provided to students. While several meta-analyses of the effects of
assessment with immediate feedback to the student on learning are positive [1, 2], the range of effect size
is considerable [3], and can even be negative [2-6]. Even within our own model systems CAPA,
LectureOnline, and LON-CAPA, when used just for homework, a range of partly contradictory
observations were made [7, 8]. There will not be a general answer to the question of whether or not
systems like LON-CAPA are beneficial—after all, they are just tools, not a curriculum. Instead,
effectiveness will depend on how they are used, and with which material. There is no doubt however that
timely feedback to the instructor, as discussed in this paper, is crucial for ensuring effective use—both
during selection and deployment of online educational materials.

Course management systems can and often do record all information transmitted to and from students.
That large amount of data, especially in large courses, is much too diluted for instructors to interpret and
use without considerable pre-processing [9].

Il. THE TOOL

LON-CAPA, (The LearningOnline Network with a Computer-Assisted Personalized Approach) [10],
while similar to many others in most aspects, differs in three important ways:

e The first is its capability to randomize problems, both algorithmic numerical exercises as well as
problems that are qualitative and conceptual, so that numbers, options, images, graphs, formulas,
labels, etc., differ from student to student [11]. The students can thus (and are encouraged to)
discuss the assignments, but cannot simply exchange answers.

e The second is in the tools provided that allow instructors to collaborate in the creation and sharing
of content in a fast and efficient manner, both within and across institutions, thus implementing
the initial goals of the WWW [12]. The majority of course management systems are built around
the course as the main entity, and learning content is then uploaded to the courses. At the end of
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the semester, most systems allow export of the content to an instructor’s personal computer, and
then require re-uploading in another semester. Within LON-CAPA, content is stored
independently of a specific course in a shared cross-institutional content pool.

e The third is its one-source multiple target capabilities, that is, its ability to automatically
transform one educational resource, for example a numerical or conceptual homework question,
into a format suitable for multiple uses: the same source code, which is used to present problems
for online homework, can also generate them for an online examination, or for a printed version
suitable for a proctored bubble sheet examination which is later machine scored [13].

A summary of performance results obtained this past decade using our systems for homework, quizzes,
and summative as well as formative examinations, has been published [14, 15], including studies on the
early detection of students-at-risk [16, 17].

I11. AUTOMATED FEEDBACK MECHANISMS

The amount of data gathered from large enrollment courses (200-400 students) with over 200
randomizing homework problems, each of them allowing multiple attempts, can be overwhelming. Figure
1 shows just a small excerpt of the homework performance in an introductory physics course, students in
the rows, problems in the columns, each character representing one online homework problem for one
student. A number shown is the number of attempts it took that particular student to get that particular
problem correct— “*” means more than nine attempts; “.” denotes an unsolved problem; blank denotes an
un-attempted problem. This view is particularly useful before the problem deadline, where columns with

a large number of dots or blank spaces indicate problems that the students have difficulties with.

LBS 272 Spring 2004 Thu Apr 1 20:14:39 2004

Number of Tries before success on each Problem Part

UsSername Electrostatics Electric Field Capacitors

g 142822271744 12/ 12 25121615+*32 10/ 10 11213211222 11/ 11
R — 191111531111 12/ 12 1121112113 140/ 10 11111111311 11/ 11
| oy T 211111121111 127 12 2113124159 10/ 10 1121111113111 11/ 11
= T 12321 *2412*%2 127 12 23.*198158 97 10 13321141125 11/ 11
= = e 212.12143.*2 10/ 12 21 .41 3/ 10 14121141138 11/ 11

T 111112111111 12/ 12 1111111121 14/ 10 12111111111 11/ 11
= s o 3326221211%2 127 12 2323241313 10/ 10 21311121122 11/ 11
T 5 112116121113 12/ 12 1511111111 140/ 10 1131111113112 11/ 11
e 7§ 121.151*11.6 10/ 12 2211422237 107 10 119411123111 11/ 11
o el 111111151211 127 12 2221113111 10/ 10 21111111113 11/ 11

Figure 1: A Small Excerpt of the Performance Overview for a Small Introductory Physics Class

An important task of the feedback tools for the instructor is to help identify the source of difficulties and
the misconceptions students have about a topic. There are basically three ways to look at such homework
data: by student, by problem, or cross-cutting. For a per-student view, each of the items in the table in
Figure 1 is clickable and shows both the students’ version of the problem (since each is different), and
their previous attempts. Figure 2 is an example of this view, and indicates that in the presence of a
medium between the charges, the student was convinced that the force would increase, but also that this
statement was the one he was most unsure about: His first answer was that the force would double; no
additional feedback except “incorrect” was provided by the system. In his next attempt, he changed his
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answer on only this one statement (suggesting that he was convinced of his other answers) to “four times
the force”—however, only ten seconds passed between the attempts, showing that he was merely
guessing by which factor the force increased.

Resource: Two Charges
View of the probiem - S, Serm S
Two opposite charges are placed some distance apart in a vacuum.

‘What will happen if .7

(e foath the force: The distance between the charges is doubled

[subile the force: The magnimde of one of he two charges i dowhbsd

Four times the force: The magnilude of both charges & doubled

Four times the force: The distance berween the o charges is cut in half

Hall the force: The charges are placed ina medmm with a [zctor two hegher permittivily
You ure correct.

Y our receipd is 498- 1666 £

L orrect answer:

Answer (or Part:0 One (orth the force Double the force. Foar times the Torce | Four tmmes the foace |[Hall the fonee

Fullmme:

Ihates T imme Submuission Salus
Mo Jan 1% 20:15:1%  |Part 0 Triml 1 Part 0 incorect
i
‘nswer (e forth the Droubbe the Four times the Four times the Dol the
free fnree e foree ferroe
Mon Jan 19 20:15:29  |Part 0 Trial 2 Part @ incoect
ke
Answer  One forth the Doubbe the Four times the Four times the Fowr nmes te
i — e Fal r

Figure 2: Student-centered View of a Problem

The per-problem view in Figure 3 shows which statements were answered correctly course-wide on the
first and on the second attempt, respectively, the graphs on the right show which other options the
students chose if the statement was answered incorrectly. Clearly, students have the most difficulty with
the concept of how a medium acts between charges, with the absolute majority believing the force would
increase, and about 20% of the students believing that the medium has no influence. The concept should
be dealt with again in class.

In the analysis illustrated in Figure 3, a simple item-analysis on statements was performed, with only the
added difficulty of keeping track of the randomized order in which these statements appeared to
individual students. A more sophisticated analysis involves keeping track of the concepts each statement
addresses, especially if there is more than one statement addressing the same concept, and different
students see different versions of it. To this end, internally, the statements can be grouped into six so-
called “concept groups,” each focusing on a particular physics aspect of the problem. Every student gets
one statement (with the correct labels filled in) from each one of these concept groups. The item analysis
on the result in this mode is done by concept group, not by statement, and can thus be carried out
independently of the randomization.

The simplest function of cross-cutting statistics tools in the system is to quickly identify areas of student
difficulties. This is done by looking at the number of submissions students require in reaching a correct
answer, and is especially useful early after an assignment is given. A high degree of failure indicates the
need for more discussion of the topic before the due date, especially since early responders are often the
more dedicated and capable students in a course. Figure 4 shows a plot of the ratio of number of
submissions to number of correct responses for 17 problems, from a weekly assignment five days before
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it was due. About 15% of the 400 students in an introductory physics course had submitted part or most
of their assignment.

Foil Number |Foil Name Foil Text Correct Value

| 1_6_1_1_2 |The distance between the two charges is cut in half. Four times the force
i 1_6_1_2_2 |The magnitude of both charges is doubled. Four times the force
3 1_6_1_3_2 |The magnitude of one of the two charges is doubled. Double the force

4 1_6_1_4_2 |The distance between the charges is doubled. One forth the force
3 1_6_1_5_2 |The charges are placed in a medium with a factor two higher permittivity. [Half the force

, 126 submissi
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100
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Zm
=
]
=
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Figure 3: Compiled Student Responses to a Problem

The data of Figure 4 are also available as a table, which in addition lists the number of students who have
submissions on each problem. Figure 4 shows that five of the questions are rather challenging, each
requiring more than 4 submissions per success on average (for example, problem 1 requires a double
integral in polar coordinates to calculate a center of mass). Note that an error in the unit of the answer or
in the formatting of an answer is not counted as a submission—in those instances, students re-enter their
data with proper format and units, a skill that students soon acquire without penalty.
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Submissions per Correct Answer

I 2 3 4 s UG W

Homework 8, PHY 183

Problem Number

8 9 10 11 12 13 14 15 16 17

Figure 4: One Early Measure of a Degree of Difficulty

Catapult
A eatapult on a cliff

launches a large round
rock towards a ship on e

e L N Rl
the ocean below. The ~ .
\
rock s the cata- sz’ ' =

pult from a height H of
32.0 m above sea level,
directed at an a
& above the horizon-
tal with an unknown
speed vg.

The projectile remains in flight for 6.00 seconds and travels

a horizontal distance D of 142.0 m. Assuming that air

friction can be neglected, ealculate the value of the angle ¢

(in degrees).

I |

Tries 0/99

vlo

Calculate the speed at which the rock is launched.

Tries 0/99

To what height above sea level does the rock rise?

Tries 0/99

Student A: since you’re not given the initial velocity or the angle,
but you know the distance covered, couldn’t the angle be anything as
long as the velocity is big enough?

Student B: The angle could be anything if there was no time given,
but since there is time given, only one path can be the right one.

To solve this problem, you have to take apart the initial shot
(velocity) into its x- and y-components. Since you know the
horizontal distance and that air-resistance is negligible, the horizontal
acceleration is zero (horizontal velocity is constant). Hence, you can
use the x = x0 + vO0*t + .5*a*t"2 equation to come up with the x-
component of the initial velocity.

Do the same thing for the y-component: use the equation y = y0 +
VO*t - .5*g*t"2

Now you have both components of the initial velocity. Put these
components into a triangle (and use tangent) to get the angle, and
keep the triangle for the initial velocity (hypotenuse).

For the third part, use the y-component of the initial velocity in the
equation v/2 - v0"2 = -2*g*(x - h), where v is the y-component of the
velocity at the tip of the arc path (...therefore, equals z...), vO is the y-
component of the initial velocity, x is the height to find, and h is the
initial height (a.k.a. x0; it's given).

Student C: How do we use y = y0 + vO*t - .5*g*t", when we dont
have two of the variables (y and v0)? How do we use that formula to
get the vo in the y direction? (i.e. what numbers and such do we use?)

Trajectory of a rock on planet-X

The trajectory of a rock thrown from a height with an initial

speed of 22,9 m/s is shown in the figure below. Evaluate

the magnitude of the gravitational field at the surface of the

planet. The planet has no atmosphere.
a0

Wertical Position Above Surface (m)
=
wn
o

15

10 \\
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a Ay

0 20 40 60 80 100120 140160 180 200 220 240 260 280
Horizontal Position (m)

Tries 0,99

Student A: What does the magnitude of the gravitational field mean?
Student B: i'm guessing acceleration

Teaching Assistant: That is correct. You need to calculate 'g' for Planet
X.

Student C: How are you supposed to do this problem? | am confused, it
seems like we have learned nothing during lecture to help us understand
these problems, we never do any examples and work thru problems in
lecture. please help.

Student D: Yeah, I'm totally lost on this one and all | have to look at in
my notes are a bunch of variables in an equation, | don't know where to
plug in half of the numbers | have.

This problem and the catapult one I'm totally lost on cuz all | have to go
by are these -equations with like 5-6 variables such as
y=(tan[d"2y0/dt"2]*x-(g*x"2/2*(vocos[d"2yo/dt*2])"2) and then all the
problem tells me is "you threw the rock at 22.8 m/s" or something...

I got all the other problems done easily, but this one and the catapult
one... | dunno, | just can't figure them out.

I worked on them for a while the other day and then got up at like 8:30
today to work on them and still haven't figured them out. :/

Student E: Here is a simple answer to the question, go to sample
problem 4-7 in your book and you'll get the answer. But I'll be nice
enough to help you out a little more.

1.) Lecture we talked about getting the tangent line in order to find the
angle, DO THIS!!! Print out the paper and find the angle, IT'S THE

23




JALN Volume 9, Issue 2 — June 2005

Thanks.

Student D: Ok. Someone tell me what I'm doing wrong. | figure
since they give you the distance traveled in the x direction, and the
time it was in the air, you should be able to get the x component of
velocity with distance/time.

Now for the y component. My logic was that at half the total airtime,
the object would be at the peak of the arc, and thus would be moving
at Om/s, (being in transition from going up to coming down). | tried
solving for the initial y velocity using this information and the
Vfinal=Vinitial + (A)(t) equation. But still no luck. Any pointers
would be greatly appreciated.

Student E: Hey EVERYBODY, whoever did this FORGOT to
divide whatever your total change in x is by 2 and use that as the
displacement in x to find the V nought X, just a little heads up

i.e. iused 175 m/ 2 = 87.5 m (since the object launched isn’t an even
parabolic function, its not all of the upside down U shape on the
graph) as my displacement for finding V nought x

Student F: When using the equation y = y0 + vO*t - .5%g*t"2 the v0
in the second term on the right side is really the initial velocity in the
y direction not the total initial velocity.

In general the equation x = x0 + vO*t + .5*a*t"2! is always a one
dimensional equation so when you use it in the y-direction all

ONLY WAY!!I

2.) Sort of kind of eye ball the total distance the object traveled from
start to finish.

3.) In sample problem 4-7 in the book they used the

Horizontal Range equation in order to find the answer, but you have to
adjust the problem to find Gravity or G.

Here is the ADJUSTED equation so all you have to do is plug in the
numbers that you got.

G = Initial speed * sin(2*your angle) / Total distance”2

Now the computer gives you some lead way due to the "eye-balling"
you have to do, but it gave me my answer and | was 0.08 off.

Hope this helps you guy's.
Student F: what are the units used for this?
Student G: Gravity is acceleration, so the units should be m/s"2.

Student H: Once you plot your points how does this determine your
angle?

Student I: | had to do 3 iterations of this problem before getting it right.
Assuming the math is done correctly there is not much tolerance in this
problem in regards to calculating the launch angle (theta). When | was
off by more than 3 degrees | got it wrong. Be VERY careful when

variables are for the y-direction only initial y, initial y velocity, and drawing the tangent.

constant y acceleration

Figure 5: Online Student Discussions on Two Problems, One Numeric and One Conceptual in Nature

IV. FREE-FORM FEEDBACK

Within LON-CAPA, every online resource in a course is automatically associated with a threaded online
discussion, which is attached to the bottom of the page. Students and instructors can post anonymously, or
with names or screen names. Students are extremely vocal online, even though they are made aware that
instructors are always able to see their full names, independent of posting mode. Figure 5 shows the
online student discussion associated with two problems which address the same physics, but are different
in nature: the left problem is numerical in nature, the right one conceptual. Due to the randomization of
the questions, student cannot simply exchange answers with each other, and are forced to discuss the
questions on a level which is more insightful to the instructor. Reading at least some of the online
discussions before class gives instructors some insight into the general climate in the course, as well as
student areas of difficulty.

V. EVALUATIVE FEEDBACK FOR MATERIALS SELECTION

Feedback to the instructor should begin during the resource selection process, particularly when
considering material from other authors. The LON-CAPA shared resource pool currently spans over 20
universities and colleges, as well as over 20 high and middle schools and several publishing companies.

As the resource pool grows, selecting an appropriate content resource becomes an increasingly
challenging task. In addition to the “Browse” view of the resource pool, instructors can search the
cataloguing information. LON-CAPA has two categories of cataloguing or metadata (“data about data”)
mechanisms: static metadata provided by the authors, such as title, subject, keywords, etc, and dynamics
metadata, gathered by the system based on the use of the resource.

The latter provides information similar to amazon.com’s dynamic metadata; that is, it provides
information in which context a resource has been used by other instructors, see Figure 6.
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Access and Usage Statistics

Network-wide number of accesses 890

(hits)

Number of resources using or
importing resource

Eukarvotic Gene Control [msu/bic/Gens Expr/111£035eneCntr]l . sequence

Number of resources that lead up

i e e i maps ® Back to the Original Question

msu/bicfGens Expr problems/originalguestion. problem

Number of resources that follow
this resource in maps

Eukarvotic vs Prokarvotic Gene Expression 11
]l_nsuf’bior’Gene Exprsproblems/evkvsprokIT. problem

Network-wide number of courses
using resource

LBS 145 - Spring 2004
ZOL 341 - Fall 2003

BS 111 - Fall 2003

Figure 6: Dynamic Metadata, Context

Besides providing contextual information, the dynamic metadata provides what amounts to a peer-review
mechanism: resources that have been selected by a number of instructors presumably are the ones having
passed careful consideration by a number of peers.

In addition, the resource selection interface provides evaluative free-form feedback: Figure 7, left side,
shows the user interface that is presented to learners and that enables them to submit subjective evaluation
data. For each of the statements presented the user can select simple responses from a pull-down menu,
ranging from “strongly disagree” (1) to “strongly agree” (5). An educator wishing to utilize a given
resource is able to look up the metadata on statistical assessment and evaluation, as shown in the right
side of Figure 7. Individual comments are only visible to the author of the resource. The comments shown
here were actual student responses, and we blacked out their user-ids for privacy reasons. In order to
collect these metadata with feedback from individual students, we found that it worked best to assign the
production of evaluations as parts of students' honors projects. We were very careful not to make any
student grades dependent on participation in the collection of metadata. Assigning even a small part of
class credit to completion of metadata evaluation information might compromise the integrity of the data
collected in this way.
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Figure 7: Left Side: User Interface Used by LON-CAPA to Collect User Evaluation Data;
Right Side: Excerpt from the Summary Information Metadata Presented to the Resource Creator

Any instance in which a given resource is used in an exam setting thus collects information on degree of
difficulty and discrimination. This information can be archived and used to create random tests that are
generated from a large bank of testing resources. The computer can then create tests that do not rely on
the selection of the instructor, but instead allow for a comparison relative to an objective standard. This is
important particularly when one allows for creation of individual tests for students, in which the questions
are allowed to vary from student to student.

V1. CONCLUSIONS

Technology does indeed provide means to get considerable feedback on many aspects of teaching and
learning. To make good use of that feedback is a far greater challenge. We have been using LON-CAPA
for both formative and summative assessment.

The LON-CAPA course management software has reached a state of maturity; its resource pool has
reached a size that now allows novel approaches to old problems. With over 60,000 individual resources,
with many tens of thousands of students enrolled each semester at approximately 50 institutions, with
automated metadata collection, and with resource sharing across the LON-CAPA member network we
have entered a new phase in the use of educational technology. It has now become possible to think about
multiple content representations to provide a more customized accommodation of individual learning
styles. In addition, we are now in the position to establish more objective measurement tools for learning
outcomes that utilize large test banks of individual test items for which standardized statistical
information has been collected across many educational settings.

Our ability to detect, to understand, and to address student difficulties is highly dependent on the
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capabilities of the tool. Feedback from numerous sources has considerably improved the educational
materials, which is a continuing task. Analysis mechanisms like the ones provided by LON-CAPA can
facilitate research in physics education. Finally, as a result of feedback on students’ work, those doing
very poorly can be identified quite early.
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