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Access to Algebra is a project 
within the AMSP technology 

program. Its primary purpose is to 
serve as an R&D platform for 
instructional technology and 

technology-supported models for 
teacher professional development. 



Synopsis:
Secondary math teachers at multiple  rural high schools  

work with  small numbers of their students as the 
students take a University of Kentucky college algebra 
course.  The teachers participate in a weekly  seminar 
on the course progress and content.  

The secondary students follow the same syllabus on 
the same schedule using the same text, doing the same 
homework, and taking the same open-response, 
commonly graded examinations as an on-campus, 
comparison cohort of college students. 

The professional development is deemed successful to 
the extent that the students earn  university college 
algebra credit. 



Questions 

• Is the course  taken by the secondary 
students “equivalent” to that taken by the 
on-campus students?

• Is  the associated PD  “effective”?
– Are the secondary students “successful” in 

comparison to a on-campus comparison group?
• Is their success ( or lack thereof) associated with  

the PD program



Some Implementation Details
• Under IRB requiring student, parent, counselor approval 

for participation.
• First semester teachers limited to 4 students
• Not a distance learning course. Students work with their 

teacher in a format determined by the teacher and school
– e.g: after school, in regular class, independent study

• AMSP pays for texts, duplication costs, teacher stipends
• University of Kentucky waives all tuition and fees, 

registers students after the fact, and offers students with 
passing grades the option of accepting the credit with that 
grade.
– University president sends each student his/her 

transcript  and a note of congratulations to the  teacher, 
parents, and  administrators.

• “Success” = student is offered credit and accepts



Evaluation/assessment
• Formative evaluation of content and technology is 

provided through direct feedback from teachers to  
developers.

• Formative project evaluation is provided by 
student homework and  examination scores relative 
to those of the comparison groups and  through 
weekly seminars.

• The primary summative assessment parameter for 
the PD program has been the success of the  
participating teachers’ students in earning college 
algebra credit.

• The program does not formally measure changes in 
teacher content knowledge. Theses are inferred by 
observation and objective measures of student 
success.  



Weekly online teacher seminars  parallel on-
campus staff meetings,  include  on-campus 
instructors, are facilitated by teacher-leaders.

Local instruction  includes  
classroom instruction, after-
school group meetings, 
tutoring,  independent study

Same common online 
homework and common 
exams for K12 students 
and comparison cohort 
of on-campus students

Central site
for IT services 
for on-campus 
and remote 
students



Topics:

• The actual course
• The technology

– Examinations
• Some preliminary data and outcomes
• Not everything works
• An unexpected spinoff
• Next steps



About the course ..



Text:  College Algebra by Avinash Sathaye
• Author is UK Math Professor and  distinguished 

researcher
– No previous work with AMSP or other sponsored 

outreach programs

• Open source
– Complete LaTeX source freely  adaptable to local needs
– Softbound  copy typically less than $20 
– can  be used as supplement  for other classes,
– can freely shared with colleagues, students

• Covers substantial amounts of material,  and is 
written in a style,  that is generally not familiar to 
secondary math teachers



Text is updated annually and contributing 
teachers are credited in the preface



Studies the interplay between  algebra and geometry
with particular attention to the geometric information in 
coefficients of algebraic expressions.

Emphasis on  a few, primary tools:

- Euclidean Algorithm
-Aryabhata Algorithm

- Parametric equations 

- Cramer’s Rule

- Complex numbers

- Binomial Theorem and Tangents



Aryabhata Algorithm Example:
Calculate the gcd and lcm of 124 and 56

124=56*2 + r3

65 = 12*4 + r4
GCD

14*124=31*56  =  1736 (the LCM) 

 = 

124*5  -11*56 =  4  ( the GCD)

-14*124 + 31*56 = 0

124
56

31
14

LCM



733*308712 = 677*334248

677
733

Answer = 



Solution:  

-6*43+7*37=1

6*(-6*43) + 6*(7*37) = 6*1

-42*37  + 36*43  =  6

36* 43 =  6 + 42* 37



The Binomial Theorem and Tangents to 
algebraic curves

If  C is the plane curve defined by  f(x,y) = 0 and  
(a,b) is a point on C  then the equation of the 
tangent  line  to C at  (a,b) is the linear form of the 
“Taylor series” expansion of f(x,y)  about (a,b).

For polynomial, and even rational expressions, this 
has nothing to do with calculus. The  classical 
approach, going back in modern notation at least 
to  Baskarachaira ( 1114-1185) ( and likely to  
Aryabhata (476-550))  requires only the binomial 
theorem for positive non-negative, integral 
exponents in the case of polynomial expressions 
and the geometric series for rational expressions.



Solution:

 =  +  − 9 x2 16 y2 289 0
 =  +  − 9 ( ) − u 5 2 16 ( ) + v 2 2 289 0

 =  −  +  + 9 u2 90 u 16 v2 64 v 0
 = −  + 90 u 64 v 0
 = −  + 90 ( ) + x 5 64 ( ) − y 2 0

 = −  −  + 90 x 578 64 y 0

 = y  + 
45 x
32

289
32





Complex numbers, their arithmetic, and the 
complex plane ( as an obvious  extension of the 
number line)  are covered.  The representation of 
multiplication by a complex number as a rigid 
rotation and scaling of the plane is treated as a 
natural extension of scaling the number line by 
real numbers. The presentation of  the 
“imaginary” unit,  i,   as counterclockwise rotation 
of a quarter circle together with the equivalence of  
180 degree rotation and multiplication by -1 
makes              “obvious” and  removes the 
“imaginary” from complex numbers.

 = i2 -1





The technology..



Webclass is a very large,  open 
source instructional support 
system that has been developed, 
largely with NSF support over 
the last ten years. It is optimized  
to support the collaborative 
development, coordinated  
implementation,  and  the  free 
dissemination  and adaptation of 
mathematics instructional 
materials, courses, and  
curriculum.



Each student is in a “class”.  Classes can are organized 
into courses which are defined by common syllabus, 
text,  homework, and tests. Each Access to Algebra 
teacher is the “instructor” of a class whose members are 
his or her students who are in the program.

Students select a 
homework set on their 
class main page



Many problems have associated video solutions that were 
made by AMSP-sponsored pre-service math teachers



After the machine 
checks a submitted 
answer,  the student 
can send a  
“feedback” message 
to the instruction 
staff.

An intuitive 
grammar supports 
formatted math



All  submitted messages are 
tabulated  in a web page for the 
instructors and assistants



Instructor receives the exact statement of the 
problem as seen by the student – together with 
the expected answer and the  allowable  error.



The instructor or an 
assistant can edit the 
student question.  
The response is 
routed back to the 
student. The 
feedback number on 
instructor page is 
decremented and that 
on the student page 
in incremented



Testing  ..



Homework problems are Maple 
procedures which  produce
versions of  problems  complete
with diagrams that reflect the 
problem data. The same code can
spawn both Mathml and LeTeX.
This is the basis of  the Access
to Algebra testing system



Examinations:
• Tests are initially produced as if they were ordinary 

homework but are installed in a  separate, secure 
environment.  

• Pdf versions are produced from the same code.  Local 
and remote teachers access these over secure channels 
and  duplicate them to produce classroom exams.

• Remote students complete their “paper and pencil”
exams and are then given time  to submit their 
solutions through an environment much like the 
feedback system. This is done under the supervision 
of the teacher who retains the original.

• The electronic versions are “hand graded”, along with 
the  on-campus exams  by the on- campus instructors. 
Students (and teachers) typically have their results 
within 48 hours – often  the next day.



Exam Scheduling tools



Some data and outcomes



The (primary)  On-campus Comparison Cohort

Students From an   NSF STEP  
program at UK

Focus on Appalachian and 
Minority  Science, Technology, 
Engineering, and Mathematics 
Majors (AMSTEMM)

Majority from Appalachian 
Kentucky

Motivated,  well-supported

Demographics largely reflect  
those of the Access to Algebra 
students



Representative Formative Evaluation Data: 
Student scores on exam 1 vs online homework participation
Spring 2007
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A B C D E(F) W total

College 
Students

2007 Fall

16
39%

12
29%

5
12%

4
10%

1
2%

3
7% 41

Secondary 
Students

2007 Fall

27
43%

12
19%

6
10%

4
6%

3
5%

11
17% 63

Secondary 
Students

2008 Spring

26
34%

13
17%

12
16%

7
9%

4
5%

14
18% 76

Percentages are rounded to the nearest integer, so rows may not total 
100%

Grade distributions: Fall 07-Spring 08

Note:  AMSTEMM did not have a section of MA109  in Spring 2008.



Teachers Total Total Enrolled 
HS 
Students

HS Students 
receiving 
College 

Algebra credit

Success 
Rate

Systematic Participation 9 28 26 93%

Non-systematic 
Participation

5 14 3 21%*

Systematic Participation 11 21 19 90%

Non-systematic 
Participation

3 9 3 33%*

Systematic Participation 3 27 20 74%

Non-systematic 
Participation

5 40 25 62.5%

Systematic Participation 4 28 19 67%

Non-systematic 
Participation

5 48 32 67%

F 06

S 07

F 07

S 08

Student success vs PD participation

* = skewed by outlier
Most  S07-S 08 are repeating from previous semester



Not everything has worked ..



Online tutors:

If you build it they might not come..







We could not get online tutors to work!
• Technology worked exactly as expected.

– No technical glitches
• Tutors were excellent

– Outstanding math majors  and pre-service  math teachers 
– Well prepared
– Articulate 

• Scheduling was not a problem
– Regularly scheduled hours
– Individual appointments as requested

• Facilities and access were not a problem
– Schools given extra computers
– Students given personal  sets of equipment

• Pen, headset, video camera

• Students simply went to their teachers for assistance and 
ignored the tutors
– Backhanded positive measure of success of the PD program



Unexpected “bonus”:

A spontaneous statewide partnership 
driven by a new, open source tool



The KYOTE  Online Placement System
• Feb 2007: at a state math meeting Ken Kubota was

casually asked about  the feasibility of a secure online 
placement system  by colleagues at several other
universities.

– He was just completing the design of the Access to Algebra 
secure testing system

• March  2007:   an informal meeting of a group of math faculty and 
administrators met to discuss placement exams. This  became the 
“statewide placement group”. UK adapted the Access to Algebra 
system and made it freely available to everyone.

• March 2008:  The KentuckY Online TEsting program (KYOTE) 
is fully operational  with college readiness, college algebra, and 
calculus exams.

• Summer 2008:  Northern Ky University and 18 school districts 
form partnership bases on school administration of the exams.



Slides from a July 08  talk by a KY higher Ed official

http://apps.cpe.ky.gov/bazell/NASH072108-workingontwofronts.ppt

http://apps.cpe.ky.gov/bazell/NASH072108-workingontwofronts.ppt


Next steps 
• Adaptation of the college algebra text to produce an “algebra I/II” version to 

serve as a platform for:
– A program that secondary teachers can run to develop middle school 

colleagues to the level of  teachers of  algebra I and II
– A parallel remedial program for postsecondary
– Collaboration with UTC   

• Study of factors promoting systematic participation in embedded professional 
development of this type and relationship to student achievement
– AMSP sponsored doctoral research 

• Inclusion of full synchronous conferencing in the WHS system
– Removes last commercial product and makes the entire system open source

• Completion of  PD infrastructure needed for technology dissemination
– release versions of manuals for authoring and  system operation, user guides
– courses for users and developers

• Release version of  WHS
• Expansion of  KYOTE system
• Collaboration with KY community colleges on adaptation of Access to Algebra 

format for faculty PD and course transfer.
– Initial effort with linear algebra
– Impacts community college to university transition



Dissemination:
• * Roher, L. A. H., & Kinser, G., (2008, March). Creating a professional learning 

community for secondary mathematics teachers through embedded professional 
development using online meetings. Presented at the annual Society for 
Information Technology and Teacher Education, Las Vegas, NV.

• Eakin, P., & Roher, L. A. H., (2007, October 29). A model for embedded 
professional development for secondary mathematics teachers. Presented at the 
2007 Quality Teacher Summit, Frankfort, KY. 

• Roher, L. A. H., Zehnder, S., & Kinser, G. (2007, October 19 & 20). Professional 
learning communities communicating online in real time. Presented at the annual 
meeting of the Kentucky Council of Teachers of Mathematics, Georgetown, KY.

• Roher, L. A. H., (2007, October 15). Embedded professional development for math 
teachers: College credit in college algebra for secondary school students. 
Presented at the inaugural meeting of Mathematics and Science Symposium, 
Knoxville, TN. 

• Roher, L. A. H. (2007, February 25). Access to algebra: Comparative study of high 
school math students using distance learning at readiness with college algebra 
classroom students. Electronic proceeding for the Tenth Special Interest Group of 
the Mathematical Association of America on Research in Undergraduate 
Mathematics Education, San Diego, CA. Available at 
http://cresmet.asu.edu/crume2007/papers/roher.pdf.

• Roher, L. A. H. (2007, February 25). Access to algebra: Comparative study of high 
school math students using distance learning at readiness with college algebra 
classroom students. Presented at the 2007 Tenth Special Interest Group of the 
Mathematical Association of America on Research in Undergraduate Mathematics 
Education, San Diego, CA. 

• Roher, L. A. H., & Aossey, C. A. (2006, September). Centra - Online mathematics 
meetings. Presented at the annual meeting of the Kentucky Council of Teachers of 
Mathematics, Georgetown, KY. 

http://cresmet.asu.edu/crume2007/papers/roher.pdf
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