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Abstract

The project described in this article was initially
designed to address the needs and unique learning
styles of deaf and hard of hearing students in lower
division General Education Math classes. At Cali-
fornia State University Northridge (CSUN) these
classes include Math Ideas (Math 131) and Intro-
duction to Statistics (Math 140). Although the re-
search was conducted at Cal State Northridge, our
findings lead us to believe that the project is repli-
cable in other postsecondary institutions.

Background

The initial investigation of students’ success in
these lower division courses led to the findings
that from Fall ’96 through Fall ’97, 27% to 50% of
deaf and hard of hearing students received grades
of D or F in one of the two lower division GE math
courses. This led to the questions:

• Where is the problem?
• Are the students not capable of learning

this level of mathematics?
• OR is the instructional methodology

flawed in some way?
• OR do additional classroom and

tutoring support make a difference?
A brief review of research in math by Dietz

(1991) showed that communication as well as
computation in mathematics is a critical determi-
nant of success. In addition, students who write/
discuss concerns, questions, and points of confu-
sion become more confident in their math abili-

ties. Learning to communicate mathematically al-
lows students to become mathematical problem-
solvers.

Our analysis led us to compare the receptive
modalities of hearing students and those of stu-
dents who are deaf or hard of hearing. Hearing stu-
dents receive information auditorily/directly; fur-
thermore, they are able to engage in dual tasking.
In other words, students are able to listen and
watch simultaneously. This allows them to ask
questions immediately and receive closure where
gaps exist. Students who are deaf or hard of hear-
ing, on the other hand, depend on visual recep-
tion (sign language interpreter or realtime
captioner) and receive information asynchro-
nously. Potential discrepancies between instruc-
tor and interpreter exist (e.g., “move this here”), as
well as delayed opportunities to ask questions.
Additionally, hard of hearing students may re-
ceive distorted information.

Table 1 below presents the summaries of per-
formance by deaf and hard of hearing students in
Math 140 for the Fall ’96 through Fall ’97 semes-
ters. As can be seen in this table, 58% of deaf and
hard of hearing students were successful in math
classes; in other words, they passed with the grade
of C or better. The research assumption is that the
gap in communication and the discrepancies in
information presentation are the primary factors
in the low achievement (grades of D and F) for the
remaining 42% of deaf and hard of hearing stu-
dents in these two lower division, General Educa-
tion Mathematics courses.
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Project Objective

As a result of this background analysis, the objec-
tive for the project developed as follows: Special-
ized instructional components and teaching tech-
niques will enable students to complete Math 140
(Introduction to Statistics) with a passing rate of
75% or better and no dropouts. The innovative
element was the idea of a “Class Assistant.” The
Class Assistant would have a background in math-
ematical statistics, in the mathematical learning
process, in the learning styles of students who are
deaf or hard of hearing, and the sign language
skills necessary for direct communication. It was
determined that the Class Assistant would de-
velop a partnership with the Course Professor and
would also provide supplemental instruction
through group tutoring, individual tutoring, and
in-class support. The Class Assistant was not to be
the Course Professor for the deaf and hard of hear-
ing students. Additionally, the course was to be
staffed with an interpreter.

The proposed impact of this experiment was
that students who successfully complete this
Math 140 course will have met their General Edu-
cation requirements and will be better prepared
for other upper division mathematics courses
which might be required in the undergraduate or
graduate level majors.

Project Implementation

Personnel for the project were selected in the
Spring of 1998 so as to get the course listed as be-
ing offered by the Math Department. Dr. Mark
Schilling, a professor with more than fifteen years
of experience in teaching Statistics and Math-
ematics, was asked to teach the course. Art Caplan,
an interpreter and Math tutor at the National Cen-
ter on Deafness, was offered the position of Class
Assistant.

Why was the Statistics class selected over the
Math Ideas class? Math 140 (Statistics) satisfies
both the Math requirement in General Education
and the Statistics requirement of several majors in
the university, such as psychology and sociology.
It was determined also that Math 140 would pre-
pare students for other statistics courses required
at the upper division or graduate level.

The project was undertaken during the Fall ’98
semester with 28 students enrolled in Dr.
Schilling’s Math 140 course. Seventeen were deaf
or hard of hearing students and eleven were hear-
ing students.

Findings

To reiterate, the project objective was that special-
ized instructional components and teaching tech-
niques will enable students to complete Math 140
(Introduction to Statistics) with a passing rate of
75% or better and no dropouts. Table 2 shows the
grades received by the deaf and hearing students
in this Fall ’98 class.
The results of the Project, as shown in Table 2, sug-
gest that:

• There is clearly evidence of successful
achievement by students who were deaf
or hard of hearing;
• This project can be replicated in other
math classes;
• This design is applicable to courses
with smaller populations than the Fall,
Math 140 course; and
• This support is relevant to any student
with disabilities.

At the end of the semester students were asked for
their comments and feedback. Their responses in-
cluded the following statements:

“I liked the fact that most of us students were
motivated to learn more about statistics. People

Table 1.

Academic Fall ’96 Spring ‘97 Fall ‘97 Total

Grade (n=15) (n=11) (n=10) (n=36)

   A 0.00% 0.00% 0.00% 0.00%

   B 6.70% 9.00% 20.00% 11.00%

   C 46.70% 64.0% 30.00% 47.50%

   D 13.30% 27.00% 40.00% 25.00%

   F 33.30% 0.0% 10.00% 16.50%
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look at me a little strange now when I say that I
enjoy statistics.”

“Art was a fantastic tutor. I entered the class
very unmotivated and unsure of my ability to
grasp concepts. But after a few sessions with Art, I
ended up loving the class. I ended up surprising
myself.”

“I think that direct communication and con-
tact are essential, especially in a math class set-
ting.”

“I loved how the professor was very patient
and the tutor, Art, was very motivated to help us. I
also like that there were a lot of deaf and hard of
hearing students, because we all studied together
and it helped for test preparation.”

“I liked best the pace, Dr. Schilling’s availabil-
ity and understanding to meet my needs.”

“I would suggest more in-class activities and
more sample problems to help with preparing for
tests.”

“The special tutor [allowed for] direct commu-
nication through ASL.”

“I liked best the times when I was finally able
to understand the math problems.”

“Everything in the class was fine. If I were bet-
ter prepared, I’d have gotten a better grade, but I
am satisfied with the ‘B’ I got.”

Summary

What follows is a summary of the statements
made by the presenters at the PEPNet Conference.
Dr. Schilling: Teaching this class was a great expe-
rience, much because of the support services pro-

vided. I don’t know how many of you noticed, but
not just the lower end of the grade curve but the
upper end of the grade curve showed great im-
provement. In previous semesters there were 11%
As and Bs, while there were 40% during the semes-
ter we ran this project. In the past I’ve had deaf stu-
dents, but never more than three or four at once.
The large number of students in this class empha-
sized the fact that we were dealing with three lan-
guages: there is sign language; there’s mathemat-
ics; and there’s the primary challenge for students,
all students, language. That language not only
contains technical terms, but also various sym-
bols, Greek letters, and letters with funny marks
on top of them. Dealing with these three lan-
guages was quite a challenge.

One surprised me at first. I guess I was trying
to be even with everyone, when a couple deaf stu-
dents said, “Can we all sit on this side, please, so
we can see the interpreter better?” So immediately
the class was segregated, deaf students on the
right, hearing students on the left. This was fine,
but it was unexpected.

I give a lot of prompts when I lecture. I wait for
a student to fill in an easy answer for a quick re-
sponse, and you can probably guess what hap-
pened. When I would give such a prompt, imme-
diately the hearing students would call out an
answer, or possibly raise their hand, but in either
case they would answer before my prompted
question was even completely signed to the other
half of the room. So this was a situation where I
had to learn to hesitate and ignore any response
until the signing was completed.

Table 2.

Academic all students deaf students hearing students

Grade n=28 n=17 n=11

   A 7.14% 5.88% 9.10%

   B 32.00% 35.30% 27.30%

   C 28.60% 41.20% 9.10%

   D 21.40% 11.80% 36.40%

  F/U 10.70% 5.88% 18.20%

Dropped 0

Summary

Passing (A-D) 89.30% 94.00% 81.80%

Failing (F) 10.00% 5.88% 18.20%
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A particular issue that came up in this class
was the use of computers. We used the computer
lab for about ten days of the total 45 class meet-
ings, and the computer lab presented an addi-
tional challenge. In that environment, the stu-
dents have to look at the the board and the
computer monitors. Throw in the need to watch
the interpreter as well, and the deaf students were
frustrated. Furthermore the monitors are big and
tall, so students couldn’t even see around them. So
this was a particular problem that was difficult to
control and forced me to considerably slow down
my presentation.

My course is an activity based course as opposed
to the traditional textbook course which requires a
significant amount of reading. The text we used re-
quired more in-class activities. The reading skills of
all students at Cal State Northridge are pretty weak,
and this is a particularly acute problem for the deaf
and hard of hearing students. So I felt that this
model worked better in getting students on task
with activities in class. It certainly resulted in dra-
matically improved performance for everyone! I
would walk around and check on student work.
With deaf students it is not effective to just look over
their shoulders and say “Good” or “Do this a little
differently,” because I want to be able to do this
quickly and move on. But I had to have an inter-
preter follow me around in order to do this. We were
in a very small room, and it was hard enough to
weave in and out with two people and sometimes
three with Art there.

Another issue was that sometimes we had dif-
ferent interpreters on different days. When we had
our regular interpreter, things went well. But on
days when we had substitute interpreters, it was a
big, big problem. In mathematics courses especially
interpreters need to know the symbols. Not having
the background, the substitute interpreters would
have to spell out “hypothesis testing” and “confi-
dence intervals” and all these words. The result was
that they would fall behind and not quite under-
stand what I was talking about.

The hearing students in the class adapted to
the environment of having a large number, re-
ally a majority, of deaf students quite well. I
think part of that was the fact that they realized
that the pace of the class was somewhat limited.
And they were happy to have a nice, even pace,
not a rushed pace for themselves as well. So it
worked quite well. But I didn’t give them any
overt advice advice, like “Hold up” or “Don’t
answer until everybody has a chance.”

Does the project design influence the course
process and outcome? I would say it does limit the
pace a little bit in terms of how much can be cov-
ered. Is this a bad thing? I don’t think so. I think a
number of faculty have talked for some time
about the fact that all of our courses cover too
much material too fast. We should probably
knock it down to 70% of the material, and let the
time dictate what you could cover. But I was still
satisfied with what we covered.

The course did not require much more plan-
ning time than is normal. The additional time in-
volved meeting with Art and making sure that we
were “on the same page.” We did that on an “as
needed” basis. One thing I would do in the future
is to make up some sort of a glossary, a list for in-
terpreters at the beginning of the semester, with
the technical terms and the symbols, so that they
know in advance that these are the things they are
going to have to sign. Maybe the students can
work out some sort of quick signs for specific vo-
cabulary so interpreters don’t have to spell out ev-
erything.

I think that one of the most important fea-
tures of this model is to have someone who is a
very capable tutor. Art was really wonderful. He’s
really an expert in statistics. It’s a difficult subject,
so having someone convey exactly just the things
that I was trying to say was truly essential. I think
that group tutoring and the fact that there was
such a large group of deaf students who were able
to meet as a group was a good model. A lot of times
one student will stipulate what another student
hadn’t thought of or couldn’t even express. So
those are just some of the experiences I’ve had
teaching this class. I really enjoyed it, and I saw it
as a success.

Mr. Caplan: I guess I’m batting “clean up.” Who
understood what I just said? Batting “clean up?”
This is kind of a simple sports analogy. This is a
cultural point, the kind of example that comes up
in classes over and over again, and causes an amaz-
ing amount of confusion for a simple statement
with a simple meaning. Culture, culture of all
kinds, comes up in statistics because that’s the ap-
plication of statistics. It’s applied to culture, it’s
applied to politics, it’s applied to everyday activ-
ity. Gaps in cultural awareness often show up in
students’ experiences, whether they’re hearing or
deaf or hard of hearing.

In keeping with my role as Class Assistant, I did
go to every class meeting. I took notes, and I
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watched very carefully what Dr. Schilling was pre-
senting; I wanted to be able to emphasize the same
points and use the same examples in the out-of-
class sessions that I set up. I call this “supportive
teaching.” I know that it is usually called “tutoring,”
but it felt different than just regular tutoring ses-
sions. I was borrowing the direct ideas from the
classroom and coming up with a good deal of addi-
tional material to emphasize the same concepts. I
offered about seven hours a week, sometimes up to
ten or twelve depending upon which week students
needed the additional support. The students would
come singly, sometimes two or three, sometimes up
to eight or nine typically before a test.

So, what did I notice? Would you be surprised
to hear that one of the biggest problems in a sta-
tistics paragraph is not statistics vocabulary but
some of the English vocabulary and culture which
is mixed in with it? Take, for example, the phrase
“term limit restrictions.” Does that mean there’s a
restriction on the limit? Or the term? This may
seem very confusing, but it is typical in the statis-
tics book. So this type of problem would cause vo-
cabulary questions not related to statistics at all.
And much of my time in my supplemental in-
struction was really involved with translation:
translation of culture, translation of English, and
of couse, translation of statistics.

In terms of tutoring strategies, I particularly
like everyday examples. I used material that the
students could relate to, ideas from their experi-
ences, so there was no confusion with culture out-
side their experience, no confusion with any other
English related problems. Just direct, simple ex-
amples to emphasize the statistics. Of course, I
answered many questions about homework;
that’s kind of normal for any kind of tutoring. But
more than that, I brought in and made up many
examples of some problems using the formulas,
using the concepts from the class, specifically
those concepts that Dr. Schilling was using that
week. Prior to the test I brought in many sample
problems and study guides, true/false questions,
fill in the blank questions, calculations, and expla-
nations of the answers. What is required in statis-
tics is the ability to comprehend what you have
observed. Students would practice writing an En-
glish sentence, explaining what they just found.

All our communication was direct sign commu-
nication. I required students to solve problems on
the board. I would ask them questions to make sure
they understood the point, not just show them how
to solve it, but make sure they could explain it back

to me. So I really was pulling out the information
more than just trying to build it in.

If you went to the Plenary Session this morn-
ing, you may have heard Harry Lang describe the
characteristics of effective teaching, characteris-
tics that fit our model. Direct communication. An
interactive approach, such as when we pull out
answers and the students communicate ideas back
to me. Participatory learning, where students talk
with each other, support each other, and answer
questions in front of me and each other.

Let me say a word about interpreting in a Sta-
tistics class. When Harry Lang mentioned effec-
tive teaching, one of the important criteria he
emphasized was knowledge of content for teach-
ers. He emphasized that point. I would suggest
that that’s equally important for the interpreter in
the classroom. If the interpreter doesn’t know
what’s going on, then the deaf students are not
being served with a clear picture of a very compli-
cated topic. It’s like the teacher is leading them
through the dark forest of Statistics at night time.
The interpreter only brings this to light if they can
understand what’s going on.

Notes are another issue that gets easily over-
looked. It’s a struggle for deaf students to take
notes themselves because that means they’re
looking down and up, and it is a struggle to receive
all the information. Often what happens in the
classroom is that another person is taking the
notes, and the notes are given to the deaf students
later. That is fine, except the teacher often expects
that as lessons progress, definitions, formulas, ex-
planations, and examples that are in the notes are
in front of the student during that class period.
And they’re often not. Several deaf students have
expressed the frustration of having the informa-
tion go right past them. They say that they just
expect that they’ll “get it” later when they get the
notes at home. So they are essentially blocked
from that first opportunity to interact with the
material in a meaningful way.

Ms. Treiman: In regard to the financial support
for this project, we were able to secure funds
through the Judge Julian Beck Grant that is of-
fered at our university for innovative teaching
strategies. The grant sum of $5,000 paid for almost
all of Mr. Caplan’s time in class and outside of class
and accommodated one unit of released time for
Dr. Schilling.

When we initially conceptualized the idea for
this project, I met with the chair of the Math De-
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partment. Having taught deaf and hard of hearing
students, he was aware of the discrepancy issue
that we were targeting as the problem, the time
lag, and the different kinds of presentation (vi-
sual/symbolic as contrasted with linguistic infor-
mation). After less than ten minutes of discussion,
he said, “You’ve got my support!” He actually had
to do a little more work than we did. He had to
switch around professors’ schedules to accommo-
date our needs.

Conclusion

We began our project with the belief that
the below-average achievement of deaf and
hard of hearing students in statistics classes

could be significantly reversed with an ap-
proach that focused on the unique learning
styles of the students. By addressing communi-
cation and information processing issues in a
new way, our goal of 75% (passing the experi-
mental course with a grade of C or better) was
surpassed. Our collaborative approach, with a
professor responsive to the unique needs of
deaf and hard of hearing students and a class as-
sistant employing direct communication for
supplemental instruction, can be replicated in
whole or in part by other institutions. This
project has been one successful step toward our
broader goal of providing deaf and hard of hear-
ing students with the opportunity to achieve
their true potential.


