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In this study of deaf high school students, imagery and

familiarity were found to be the best predictors of geometry

word recall, whereas neither concreteness nor signability of

the terms was a significant predictor variable. Recall of high

imagery terms was significantly better than for low imagery

terms, and the same result was found for high- over low-

familiarity and signability. Concrete terms were recalled sig-

nificantly better than abstract terms. Geometry terms that

could be represented with single signs were recalled signif-

icantly better than those that are usually fingerspelled or

those represented by compound signs. Teachers with degrees

and/or certification in mathematics had significantly higher

self-ratings for the strongest predictor variables, imagery

(visualization), and familiarity, as compared with those with-

out such formal training. Based on these findings, implica-

tions for mathematics instruction, teacher education, and

research are provided.

One of the emphases in the National Council of

Teachers of Mathematics’ Principles and Standards

for School Mathematics (NCTM, 2000) is on the im-

portance of teaching students to make connections

between new mathematical concepts and prior knowl-

edge as they solve problems. The national standards,

as well as findings from research studies with deaf

learners, have supported this emphasis and have

led to the argument that mathematics should not be

taught to deaf students as a discrete series of compu-

tational skills. Rather, an approach that emphasizes

reasoning based on understanding of the content and

follows a constructivist view of learning mathematics

is likely to be more beneficial. As Kelly, Lang, and

Pagliaro (2003) have summarized, ‘‘true problem solv-

ing activity’’ requires more than simple recognition

and recall; it involves time spent on high quality and

meaningful teaching/learning activities that build

knowledge through critical thinking, reasoning, and

the synthesis of various information and skills.

Although there is no comparable research con-

ducted in the field of deaf education, Schoenfeld

(2002), in a study of 40,000 hearing students in

Pittsburgh, reported that minority hearing children

(African Americans made up about 56% of the chil-

dren in this study) and poor children performed much

better in learning concepts and in problem solving in

classes where the teachers strongly followed national

standards in mathematics (NCTM, 2000) as compared

to those in classes where the teachers were weak with

the implementation of the standards. What is known

in deaf education is that while teachers in residential/

center schools for deaf students incorporate some

reform-like methods in their teaching, traditional meth-

ods are still used, especially in the higher grade levels

(Pagliaro, 1998a). A more recent study also showed

that many deaf education classroom teachers do not

base their instruction on national, professional recom-

mendations (Pagliaro & Kritzer, 2005) and that in-

creased reform is needed. These findings illustrate the

need to examine both learner characteristics and

teacher characteristics in the education of deaf students

as we seek ways to enhance mathematics learning.
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It is a common practice in the education of

deaf/hard-of-hearing students to assign mathematics

teaching responsibilities to teachers who do not have

degrees or certification in mathematics education

(Kelly, Lang, & Pagliaro, 2003; Pagliaro, 1998b). In-

deed, a number of studies have pointed to the need to

address teacher preparation and qualifications. Kelly,

Lang, & Pagliaro (2003), for example, in a survey

of 133 mathematics teachers of deaf students, found

that in integrated mainstream classes, 67% of the

mathematics teachers had degrees in mathematics or

mathematics education (as compared to only 15% in

mainstream self-contained classes and 40% in residen-

tial/center schools). Seventy-six percent of the inte-

grated class mainstream mathematics teachers held

certification in mathematics education, whereas only

9% of those teaching mathematics in self-contained

classes and 39% in residential/center school pro-

grams held mathematics education certification. The

responses of the certified mathematics teachers in sev-

eral studies support the notion that preparation and

certification in mathematics makes a difference in in-

struction, particularly in the kinds of word problem-

solving challenges provided to deaf students. Kelly,

Lang, & Pagliaro (2003) found that regardless of

instructional setting, deaf students are not being

sufficiently engaged in cognitively challenging word

problem situations. Pagliaro and Ansell (2002) also

found that those teachers with at least some mathe-

matics preparation tended to provide their students

with more opportunities to solve story problems.

Other studies recommend changes in teachers’

mathematics instruction in order to improve student

learning (Kelly & Mousley, 2001; Kelly, Lang, &

Pagliaro, 2003; Kelly, Lang, Mousley, & Davis, 2003;

Pagliaro & Ansell, 2002). Kelly and Mousley (2001)

summarized that factors explaining deaf students’

poor problem-solving performance other than reading

comprehension of the word problem text include com-

putation errors (rather than procedural errors), leav-

ing word problems blank, and a negative, disengaged

approach to the word problem solving tasks. They

stressed that teachers of deaf students need to empha-

size the complete problem-solving process including

the analytical and evaluative components. In a study of

relational language in arithmetic compare problems,

Kelly, Lang, Mousley, and Davis (2003) concluded that

teachers need to provide practice for a greater variety of

representational strategies (both written and graphic),

multiple-step problems, and increasingly complex com-

pare problems with a variety of comparative language.

Pagliaro and Ansell (2002) also discussed general cog-

nitive skills and experience with problem solving as

possible reasons for deaf students’ poor performance

in mathematics in comparison to hearing peers, sug-

gesting that teachers include more problem solving in

their instruction as the basis for constructing mathe-

matics knowledge. Such research on the relationships of

instructional emphases to problem solving skills devel-

opment in deaf learners and retention of vocabulary and

their meanings might particularly advance our under-

standing of effective pedagogy.

Memory and Learning Mathematics

The constructivist perspective in learning mathemat-

ics and problem solving emphasizes the importance

of both short-term (working) memory and long-term

(semantic) memory. The quality of the input into

working memory and of the operations that take place

help determine a student’s success as a problem

solver, as does the ability to move information from

short-term to long-term memory and to ‘‘unpack’’ the

information when needed. Critical limitations of

working memory include the small number of pieces

of information it can handle at once and the short

duration of time during which information can remain

there (Borich & Tombari, 1997). Semantic memory, on

the other hand, is used to activate concepts during

mathematical problem solving and to make a represen-

tation of these problems.

Marschark, Lang, and Albertini (2002) summarize

a number of studies focusing on both working and

semantic memory which have shown that deaf and

hearing individuals may encode information in quali-

tatively different ways. Whether we are referring to

knowledge of mathematics such as its conventions or

the tools of logic and reasoning, often remembered

and used for a short while, or lasting months or years

and accessed for a wider variety of purposes, under-

standing the role of long-term memory and any sim-

ilarities and differences between deaf and hearing

learners is essential to good instruction.
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In this study with deaf high school students, we

chose four factors—familiarity, imagery, concreteness,

and signability—to examine as predictors of geometry

word recall as a measure of long-term memory. This

would allow us to draw implications about concept

learning and problem solving and the relationship

these factors may have to teacher background variables

such as formal preparation in mathematics education

and experience with signing.

Sign Language and ‘‘Signability’’

Marschark et al. (2002) summarize a number of ways

that deaf learners may encode information. In terms of

working memory, for example, deaf students who are

signers often use sign language-based coding, which

may be less effective than speech-based codes in some

memory tasks. This relationship of sign language to

memory is but one of many that should be considered

when examining the roles of signing in effective ped-

agogy in the education of deaf students. For these stu-

dents and their teachers, reasoning about mathematics

not only includes the symbol systems inherent in

English and mathematics but also often involves sign

language. Various studies have indicated that the way

teachers sign technical content have the potential to

influence learning by deaf students. In one study,

Ansell and Pagliaro (2001) examined sign language

variations used within problem type. They discuss

how the dynamic, visual nature of sign language can

clarify the relationships and/or actions depicted

within a problem situation while, at the same time,

caution that changes in problem type may result from

the interaction of sign language features and teachers’

choices which may in turn limit the types of problems

deaf students are given to solve. Their findings raise

important issues about the preparation of teachers

in translating arithmetic word problems into sign

language.

Still another aspect of using sign language was

studied by Lang et al. (2007). They discuss how the

signs teachers select and use in the classroom may be

influenced by the teachers’ content knowledge. In gen-

eral, the more familiar teachers are with the content,

the more likely they are to adopt ways of signing or

explaining the etymologies of signs with conceptual

accuracy. Such familiarity appears to be an important

factor in the use of visual language in facilitating the

construction of knowledge by deaf learners, and it is

not surprising that content knowledge has been rated

by deaf students as the most important characteristic

of effective teachers (Lang, McKee, and Conner,

1993).

Several studies have investigated the relationship

between signability of words and recall. In a series of

eight study–test trials, Odom, Blanton, and McIntyre

(1970) found significantly better recall by deaf stu-

dents (mean age: 10.4 years) of signable than unsign-

able words. Conlin and Paivio (1975) examined

signability in their study of the effects of visual and

sign-based memory coding in a paired-associate learn-

ing task with 90 deaf participants between 15 and

17 years old. They found better recall for high- over

low-signability words, as did Bonvillian (1983). In

a study of words categorized as signable with a single

sign, compound or combination of signs, or finger

spelling only, Spencer, Dale, and Klions (1989)

reported that deaf participants recalled significantly

more single-signed words than compound/combination

of signs. The deaf participants in this study also

recalled more fingerspelled words than compound/

combination signed words.

Imagery

In this study, we examine imagery as the ability to

perceive mental pictures, not through the retina of

the human eye but through the ‘‘mind’s eye.’’ The

evocation of a mental representation when a word is

read and a depiction of problems through mental rep-

resentations of visual information are essential cogni-

tive skills needed for problem solving in mathematics.

In this sense, imagery serves as a ‘‘mental blackboard,’’

an ‘‘active and dynamic information-processing event

that can aid the learner in problem-solving activities,

especially those that are representative of unfamiliar or

novel situations’’ (Douville, Pugalee, Wallace, & Lock,

2002, p. 107). Douville et al. (2002) write that because

mental imagery strategies have been found to assist

hearing students in making connections between

the abstract symbols of letters/words and concrete

concepts within the reading process, ‘‘it follows that
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mental imagery strategies can also serve to help stu-

dents concretize abstract mathematical concepts in

ways that facilitate more effective problem solving’’

(p. 109).

Although it is widely accepted that imagery plays

a role in processing information (concept develop-

ment), the precise relationship between imagery and

other cognitive processes is not well understood. In

examining the role of imagery, researchers working

with hearing children have explored the use of meta-

cognitive strategies in the classroom in order to en-

hance meaning-making during learning and problem

solving. This has included ‘‘induced imagery’’ strate-

gies and the roles of representations in dynamic

problem solving (Sadoski & Paivio, 2001). In mathe-

matics education, imagery skills development, or

‘‘visualization’’ as it is often called, has been advocated

extensively. Presmeg (1997) explains that there are

visual images in a person’s mind which guide the cre-

ation of a spatial arrangement (including a mathe-

matical inscription) and that visualization includes

processes of constructing and transforming both visual

mental imagery and the inscriptions of a spatial nature

inherent in doing mathematics.

There is a substantial body of research with deaf

students that points to mental imagery as a predictor of

long-term memory (Bonvillian, 1983; Conlin & Paivio,

1975; Fusaro & Slike, 1979). Significant advantages

in memory are found for high- over low-imagery

words (Bonvillian, 1983; Conlin and Paivio, 1975).

As Marschark and Surian (1989) explain, Bonvillian’s

demonstration that imagery apparently played a lesser

role for deaf participants in his free recall task than

in the paired-associate learning task (cued recall) of

Conlin and Paivio agrees with other studies indicating

rated imagery to be a far better predictor of memory

in cued recall than in free recall tasks. In a study by

Fusaro and Slike (1979), 12 words were presented to

40 deaf participants through transliteration to an arti-

ficial alphabet to insure the participants’ unfamiliarity

with the written form of the words. Irrespective of

age (which was significant as expected), high-imagery

words had a significantly higher number of correct

responses than both middle- and low-imagery words.

Based on the importance of imagery in the con-

structivist approach and the findings about teacher

preparation in the education of deaf students, we not

only examine the role imagery plays in predicting

geometry word recall by deaf students in this study

but also take initial steps to address one dimension

of pedagogical research related to visualization—the

teaching of imagery skills to deaf students. The actual

teaching of imagery skills has long been advocated

in classrooms for hearing students (Presmeg, 1997).

Presmeg wrote that ‘‘the teachers who were most suc-

cessful in the mathematical instruction of the visual-

izers in my study were those who not only used visual

methods such as diagrams, color, pattern identification,

and visual gestures, but who also emphasized—and

encouraged students to construct—generalized prin-

ciples in mathematics’’ (p. 309). Specifically, in this

study, we examine whether teachers with and without

formal mathematics content training and those with

and without sign language experience differ in their

self-ratings of imagery. This may lead us to future

research on whether the desired deep-level connec-

tions can be facilitated in the classroom by teachers

who are not trained in the content domain.

Concreteness

There has been little attention given to the effects of

concreteness on memory with regard to deaf learners.

Studies with hearing participants have presented

mixed results (Ruiz-Vargas, Cuevas, & Marschark,

1996). The lack of research with deaf students is sur-

prising in light of the importance of dealing with the

abstract, symbolic nature of languages. In the context

of this study, this includes English, American Sign

Language (ASL), and mathematics. Generally speak-

ing, Mayberry (2002) reports that although the ability

of deaf children and adults to discover and use abstract

symbols and to follow rules of logic may lag devel-

opmentally, there are no atypical patterns. A study

of concreteness in this study seeks to expand the

knowledge base in this area.

Familiarity

Similarly, there is a dearth of research on the role

familiarity may play in regard to memory. Mayberry

(2002) also reports that familiar words, whether signed

or spoken, are more often recalled by deaf participants

452 Journal of Deaf Studies and Deaf Education 12:4 Fall 2007

D
ow

nloaded from
 https://academ

ic.oup.com
/jdsde/article/12/4/449/395613 by guest on 25 April 2024



than unfamiliar words. This generally agrees with

the ‘‘expertise effect’’ found across a wide range of

domains, where ‘‘experts’’ are able to remember more

domain-relevant material than novices (Brandt,

Cooper, & Dewhurst, 2005).

Relationships Between Factors

Research with deaf learners has also pointed to possi-

ble relationships among some of these factors. Studies

investigating imagery, as it relates to nonverbal lan-

guage, may be important to mathematics instruction

and problem solving. The work of Emmorey, Klima,

and Hickok (1998) with mental rotation, for example,

examined how ASL conveys spatial information. When

spatial scenes are described from the perspective of

the signer (the ‘‘narrator’’), the viewer is often expected

to mentally rotate the image 180� in order to correctly

comprehend the description. In their study, they

found that deaf ASL signers were more accurate when

viewing scenes described from the narrator’s perspec-

tive (even though rotation is required) than from the

viewer’s perspective (no rotation required). These

investigators also found that signers did not show the

typical mental rotation effect as they did with real

objects. They conclude that habitual use of ASL can

enhance nonlinguistic cognitive processes. Other stud-

ies have found improved visuospatial cognition in deaf

native signers (Emmorey, Kosslyn, & Bellugi, 1993;

Parasnis, Samar, Bettger, & Sathe, 1996). The devel-

opment of mental rotation skills through instructional

practices (virtual reality) has also been reported by

Passig and Eden (2002).

In the education of hearing students, the develop-

ment of the theory of semiotics regarding gestures and

other signs in mathematics instruction presents an-

other interesting connection between visual represen-

tations through signs and gestures and the process of

visualization to encourage imageability (Kadunz &

Strässer, 2004; Radford, Bardini, Sabena, Diallo, &

Simbagoye, 2005; Radford, Demers, Guzman, & Cerulli,

2003). In a study by Radford et al. (2003), the authors

write of the cognitive significance of the body. ‘‘Signs’’

(symbols) in mathematics and indexical and iconic

gestures were found to reinforce or contradict what

was being uttered by a teacher. In addition to key

linguistic signs, they explain, comprehension was

achieved through pointing gestures and the kinesthetic

action of moving a pen along a graph. Their discussion

of the hands as a ‘‘mediating tool’’ and how thinking is

not only mediated by, but located in, the body, arti-

facts, and signs merit further investigation by

researchers in the education of deaf students where

sign language and spatial reasoning are primary ele-

ments of communication.

In summary, more is known about imagery and

signability as they relate to memory and deaf learners

as compared to concreteness and familiarity. In this

study, we first examine these four factors in terms of

how well they predict geometry word recall by deaf

high school students. We then investigate how high

school teachers view their own perceptions of the

technical vocabulary in terms of these factors. Specif-

ically, this study sought to answer the following re-

search questions:

1. To what extent does familiarity, concreteness,

imagery, and signability of mathematics terms relate

to recall by deaf high school students?

2. Do deaf and hearing teachers with and without

formal preparation in mathematics differ in their

recall of mathematics terms and their self-ratings of

the predictor variables?

3. How do teachers and deaf students compare

with regard to their recall of mathematics terms and

their self-ratings of the predictor variables?

Methodology

Seventy-five teachers and 18 high school deaf/hard-

of-hearing students participated in the study. The

18 high school students were enrolled in two residen-

tial programs in the Northeast. All were presently in,

or had previously studied, geometry. The mean age of

these students was 17 years 8 months.

Teacher participation was elicited via emails to

schools for the deaf, public schools, and teacher edu-

cation programs at two universities in the Northeast.

In order to test factors related to knowledge of math-

ematics and sign language, teacher participants with

and without mathematics background and sign lan-

guage experience were sought. Teachers were catego-

rized as having a mathematics content background if
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they had a baccalaureate degree or higher in the field

of mathematics or mathematics education, and/or

were certified in teaching mathematics. They were

judged as having sign language experience if they

had been using sign language for more than 5 years.

The participants were asked to view a PowerPoint

slide presentation, during which each of 20 geometry

terms was kept on the screen for 5 s. The terms used

in this study were selected randomly from a list of 380

terms identified in high school geometry textbooks.

The terms used are included in Table 1. All partici-

pants saw the slides in the same order. A 1-min dis-

tractor movie with no mathematics content was then

viewed. Following this movie, the participants were

given 5 min to list as many of the 20 mathematics

terms as they could remember. Memory data included

the total number of terms remembered out of the

possible 20 terms.

Finally, the participants were asked to rate each of

the 20 terms on four Likert scales, first for familiarity,

next concreteness, then imagery, and finally signability.

Familiarity was defined for the groups as how well

they knew the meaning of the term (1 5 no idea;

7 5 very familiar). Concreteness was defined as a real

or actual thing that can be grasped with the hands or

seen with the eyes—and opposed to a definition of

abstractness defined as an idea or concept in the

mind—not a thing that can be touched (1 5 very ab-

stract; 75 very concrete). Imagery was defined for the

groups as the formation ofmental pictures in the human

mind. The participant was asked to what extent she/

he agreed (1 5 strongly disagree; 7 5 strongly agree)

with the following statement: ‘‘When I see this

word, my mind develops a mental picture of it.’’

Last, signability was defined as how easy it would be

for the participant to use an appropriate sign for

the term (1 5 very difficult to sign; 7 5 very easy

to sign).

Analyses of variance (ANOVAs) and t-tests were

performed to compare the student and teacher ratings

and to determine if teacher background characteristics

influenced their ratings.

Results

The estimates of reliability for all participants (teach-

ers and students) for the familiarity, concreteness,

imagery, and signability scales were r 5 .97, .89, .89,

and .99, respectively. These were calculated using var-

iances generated by ANOVA tables as described by

Kerlinger (1973, p. 444).

Student Recall of Mathematics Terms

Table 2 shows the mean score and standard deviation

for the number of words recalled by the deaf high

school students. No significant difference was found

in the memory data for the students from the two high

schools, t 5 1.61, df 516, p 5 .13; therefore, these

data were combined for all analyses. Table 3 summa-

rizes the regression analyses performed with memory

as the dependent variable and familiarity, concrete-

ness, imagery, and signability as independent variables.

Imagery was found to have a significant but moderate

positive correlation with memory (r 5 .61, R2 5 .37).

Familiarity also had a significant, moderate positive

correlation with memory (r 5 .56, R2 5 .31). Com-

bining imagery and familiarity did not add any vari-

ance to the prediction of word recall (r 5 .61, R2 5

.37). It was concluded that imagery alone was the best

predictor of geometry word recall for the deaf students

in this study.

The mean ratings of the 20 geometry terms were

used to define two groups of 10 terms making up

‘‘high imagery’’ and ‘‘low imagery’’ scales. The process

Table 1 Proportional analysis of sign type and geometry

word recall

Adjusted
M

Adjusted
SD

Single sign 6.22 1.70

GRAPH, SQUARE

CIRCLE, DEGREE

CYLINDER, FUNCTION

PROPORTION, Y-AXIS

RIGHT ANGLE

Compound sign 4.10 2.61

IRRATIONAL NUMBER

PARALLEL LINE SEGMENTS

COMPLEMENTARY ANGLES

COLLINEAR, CONGRUENT

Fingerspelled 2.83 1.82

ARC, ACUTE

RATE, PRISM

FACTOR, ROTATION
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was repeated for the other three scales. Student mem-

ory for high imagery terms (M 5 6.89) was signifi-

cantly better than for low imagery terms (M 5 3.94),

t 5 6.71, df 517, p , .0001. High familiarity terms

(M 5 7.11) were also recalled significantly better than

low familiarity terms (M5 3.72), t5 7.36, df517, p,

.0001. Students recalled concrete terms (M 5 6.56)

easier than abstract terms (M 5 4.28), t 5 5.08, df 5

17, p , .0001, and their recall for high signability

terms (M 5 7.22) was better than for low signability

terms (M5 3.61), t5 7.88, df5 17, p, .0001. These

four factors were not independent; that is, highly fa-

miliar terms had high imagery ratings (r 5 .830, p ,

.0001) and were also highly signable (r 5 .595, p ,

.01). Imagery also correlated significantly with sign-

ability (r 5 .673, p 5 .01).

The relationship between signability and memory

was examined in a second way. Table 1 groups the 20

geometry terms as commonly represented as ‘‘single

signs,’’ ‘‘fingerspelled,’’ and ‘‘compound signs,’’ the

latter defined in this study as a combination of either

two signs (e.g., PARALLEL LINES1 SEGMENTS),

or one sign and finger spelling (e.g., I-R-R-A-T-I-O-

N-A-L [fingerspelled] 1 NUMBER). Using a pro-

portional analysis to adjust for unequal numbers of

words in each category and repeated measures

ANOVA, the 18 deaf high school students’ recall of

the terms represented by single signs was found to

be significantly higher than that of terms represented

by compound signs and by fingerspelled terms,

F(2, 17) 5 6.59, p , .01. The difference in recall

between fingerpelled terms and compound signs was

not significant.

Teacher Memory and Ratings of

Imagery and Familiarity

Table 2 also contains the mean scores and standard

deviations for the number of words recalled by the

teachers participating in this study.

Recall of mathematics terms. Of the 58 hearing teach-

ers, 24 (41%) had degrees/certification in mathemat-

ics, whereas 8 of 17 deaf teachers (47%) had degrees/

certification in mathematics. A 2 (mathematics back-

ground) 3 2 (hearing status) ANOVA showed a main

effect for both mathematics preparation, F(1, 71) 5

9.28, p , .01, and for hearing status, F(1, 71) 5 4.77,

p , .05. A Fischer’s post hoc analysis revealed that

teachers with degrees/certification in mathematics

Table 3 Predictor variables for mathematics word recall

Coefficients for predictor variables
Dependent variable
(total word recall)

Model Intercept Imagery Familiarity Signability Concreteness r R2

3.1 24.877 2.906** .61 .37

3.2 24.974 2.722* .56 .31

3.3 7.122 0.777 .15 .02

3.4 18.211 21.785 .41 .17

3.5 25.933 2.278** 0.767** .61 .37

*p , .05 and **p , .01.

Table 2 Memory scores and self-ratings of familiarity, imagery, concreteness, and signability of students and teachers

Hearing teachers Deaf teachers

Deaf studentsMathematics No mathematics Mathematics No mathematics

N 24 34 8 9 18

Memory 10.08 (2.50) 8.56 (2.95) 9.25 (2.32) 9.25 (4.17) 10.83 (3.84)

Familiarity 6.74 (0.44) 6.08 (0.81) 6.82 (0.29) 5.78 (0.79) 5.80 (0.79)

Imagery 5.72 (0.81) 5.26 (0.79) 5.92 (0.85) 5.33 (0.61) 5.40 (0.80)

Concreteness 5.04 (0.80) 4.85 (0.98) 4.22 (1.49) 4.34 (0.82) 4.13 (0.88)

N 7 20 8 9

Signability 5.83 (0.63) 4.92 (0.68) 5.49 (0.75) 5.51 (0.56) 4.78 (0.76)
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had significantly higher recall than those without for-

mal training in the content area. Hearing teachers had

significantly higher recall than deaf teachers. For this

reason, we conducted the remaining analyses with

hearing status as an independent variable.

Imagery and familiarity. To determine how the teach-

ers compare in terms of their self-ratings of the two

significant predictor variables (imagery and familiar-

ity), a 2 (mathematics background) 3 2 (hearing sta-

tus) ANOVA factorial design was used to examine

the data. This analysis revealed a main effect for math-

ematics background for both imagery, F(1, 71) 5 5.77,

p , .05, and familiarity, F(1, 71) 5 21.12, p , .001.

Teachers with mathematics degrees/certification ap-

pear to be better prepared to teach content, that is

more familiar with the terms, and to develop visuali-

zation skills (imagery) in problem solving. There was

no significant difference in ratings of the deaf and

hearing teachers on these two predictor variables.

Concreteness and signability. Using a 2 (mathematics

background) 3 2 (hearing status) ANOVA factorial

design, we also examined how deaf and hearing teach-

ers with and without degrees/certification in mathe-

matics compared on the concreteness and signability

measures. For concreteness, there was a significant

main effect for hearing status, F(1, 71) 5 6.07, p ,

.05, but no significant difference related to mathemat-

ics training. Deaf teachers tended to rate the terms as

more abstract than hearing teachers.

We did not include the hearing teachers without

sign experience in the analysis of signability ratings.

Of the 58 hearing teachers participating in this study,

27 (47%) had sign language experience. All 17 deaf

teachers had sign language experience. Using a

2 (mathematics background) 3 2 (hearing status)

ANOVA with the sign-experienced teachers in this

study to examine perceptions of signability of the 20

geometry terms, there was a significant main effect for

mathematics background, F(1, 40) 5 4.14, p , .05.

Sign-experienced teachers with mathematics degrees/

certification had a significantly higher mean than those

without this formal training. There was also a signifi-

cant mathematics 3 hearing status interaction effect,

F(1, 40) 5 4.48, p , .05. A post hoc analysis revealed

that both groups of deaf teachers (with and without

mathematics degrees/certification) and the hearing

teachers with math degrees/certification had signifi-

cantly higher signability ratings than the hearing

teachers without mathematics degrees/certification.

All the deaf teachers in the study had sign expe-

rience, and sign experience could not be examined as

a factor for them. The t-tests were conducted to ex-

amine differences between hearing teachers with and

without sign language experience for word recall and

for the ratings of imagery, familiarity, concreteness,

and signability of the 20 terms. No significant differ-

ences were found except for signability. As expected,

sign-experienced teachers rated the signability of the

terms higher than the teachers without sign experi-

ence, t 5 5.86, df 5 56, p , .0001.

Comparison of teachers and students. A one-way ANOVA

compared three groups (deaf teachers with and

without mathematics background and deaf students)

on mathematics word recall. A significant main effect

was found, F(2, 32) 5 5.66, p , .01. The deaf students

were found to have significantly better recall than the

deaf teachers with no mathematics background, recall-

ing nearly twice as many words. No significant differ-

ence was found between the students’ word recall and

that of the deaf teachers with mathematics degrees/

certification. Similarly, one-way ANOVAs were con-

ducted to compare these three groups on their ratings

of familiarity, concreteness, imagery, and signability.

Post hoc analyses were conducted when significant F

values were found. A significant main effect was found

for familiarity, F(2, 32) 5 6.47, p 5 .01. A Fischer’s

post hoc analysis indicated that the deaf teacher group

with mathematics background had a significantly higher

rating on familiarity than both the students and deaf

teachers without formal mathematics training. There

were no main effects found for imagery or concreteness.

For signability, both deaf teacher groups were found to

have significantly higher mean ratings than the deaf

students, F(2, 32) 5 4.43, p , .05.

The comparison of hearing teachers and deaf stu-

dents was conducted with similar one-way ANOVAs

with three groups (hearing teachers with and without

mathematics background and deaf students). A signif-

icant main effect was found for recall F(2, 73) 5 3.74,

p , .05. The deaf students were found to have better
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recall than the hearing teachers with no mathematics

degrees/certification. No difference was found be-

tween the students’ recall and that of the hearing

teachers with mathematics preparation.

Significant main effects were also found for famil-

iarity, F(2, 73) 5 10.23, p , .0001; and concreteness,

F(2, 73) 5 5.63, p , .01. For familiarity, Fischer post

hoc analyses indicated that the hearing teachers with

mathematics knowledge had significantly higher mean

ratings than the deaf students and the hearing teachers

without mathematics training. For concreteness, both

hearing teacher groups, with and without mathematics

degrees/certification, had significantly higher means

than the deaf students. The students clearly tended

to rate the terms as more abstract in comparison to

the hearing teachers in this study.

There was no significant difference found in im-

agery ratings between the deaf students and hearing

teachers. When signability ratings were compared be-

tween hearing teachers with sign experience and the

deaf students using a one-way ANOVA with three

groups (sign-experienced hearing teachers with and

without mathematics background and deaf students),

a significant main effect was found, F(2, 42) 5 5.80,

p , .01. Again, teachers with mathematics degrees/

certification had significantly higher ratings than both

teachers without mathematics preparation and the

deaf students.

Discussion

The findings in this study must be discussed in the

context of two assumptions. The first assumption is

that mental imagery is important to learning mathe-

matics and problem solving. The second is that mental

imagery can be taught. As shown in our review of the

literature, both beliefs are held by many experts. We

will review the findings with these assumptions in

mind and respond to the three research questions we

posed earlier in this paper.

Research Question 1

To what extent does familiarity, concreteness, imagery,

and signability of mathematics terms relate to recall by

deaf high school students? The results of this study agree

with those summarized in the literature review. That is,

of the four factors examined in this study, imagery was

found to be the best predictor of geometry word recall.

Familiarity (content knowledge) was found to be a com-

parable predictor, but did not add substantially to the

predictive ability of imagery. Neither concreteness nor

signability was found through regression analysis to be

a significant predictor of geometry word recall.

However, this study supports prior research by

Bonvillian (1983) that terms represented by a single

sign are recalled by deaf students significantly better

than those terms which require compound signs or fin-

gerspelling. High signability terms are easier to recall

than low signability terms; the same was found for high

imagery over low imagery, high familiarity over low

familiarity, and concrete terms over abstract terms.

In a study with hearing students, familiarity and

imagery were found to be significantly correlated to

retention of technical vocabulary (Johnson & Hwang,

1983). Such research has yet to be conducted with deaf

learners. These researchers reported that the hearing

students’ ‘‘learnability’’of technical terms (percentage

of correct responses on a randomly ordered multiple-

choice comprehension test) was significantly corre-

lated with imagery and familiarity. They summarized

that, ‘‘Learnability of unfamiliar technical terms might

be improved by providing some acquaintance with

them before explicit instruction, by defining them in

simple understandable terms and by using concrete

terms high in visual, pictorial or sensory connotations’’

(p. 767). This may also be worth examining with deaf

learners in mathematics.

In light of the predictive relationship of imagery to

geometry word recall found in this study, we recom-

mend more research to examine how imagery may be

promoted through the use visual materials, especially

when unfamiliar and abstract terms and concepts are

being taught. The potential of sign language to en-

hance visualization skills should also be explored.

When terms are fingerspelled or represented by com-

pound signs, additional visual materials may also en-

hance memory.

Research Question 2

Do deaf and hearing teachers with and without formal

preparation in mathematics differ in their recall of
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mathematics terms and their self-ratings of the pre-

dictor variables? Whereas the results of this study in-

dicate that deaf and hearing teachers have comparable

ratings for the factors that best predict word recall,

that is, imagery and familiarity, a general comparison

of all deaf and all hearing teachers in this study

revealed a significant difference in geometry word re-

call. However, when comparing only those deaf and hear-

ing teachers with mathematics certification/degrees,

no significant differences in word recall or in the rat-

ings of the strong predictor variables were found. The

advantage of mathematics content knowledge was

found consistently in the various analyses conducted

in this study. The results here, thus, support previous

research (Kelly, Lang, & Pagliaro, 2003; Pagliaro &

Ansell, 2002) showing the importance and benefit of

sufficient teacher preparation in mathematics and

mathematics education.

Research Question 3

How do teachers and deaf students compare with

regard to their recall of mathematics terms and

their self-ratings of the predictor variables? The deaf

students in this study had comparable word recall

to hearing teachers with and without mathematics

degrees/certification and to deaf teachers with math-

ematics degrees/certification. They had better recall

than deaf teachers without mathematics degrees/

certification. When only deaf teachers with mathemat-

ics degrees/certification were compared with students,

no significant difference in word recall was found.

In examining these three research questions,

we conclude that formal mathematics content pre-

paration, through undergraduate or graduate degrees

and/or certification, is of importance in terms of both

word recall by teachers and their self-ratings of the

significant predictor variables—imagery and familiar-

ity. If these predictor variables are indeed essential to

student learning and word recall in geometry, as this

study has shown, then it is critical that teachers pos-

sess this formal training. As compared to teachers

without mathematics content preparation, those with

mathematics content preparation had better word re-

call, imagery, and familiarity ratings, and they were

significantly more capable of signing the terms, the

latter also having bearing on student word recall.

Not requiring this content-related qualification for

teachers responsible for mathematics instruction may

jeopardize student learning.

Content knowledge and ability to sign content

have been found to be important in other studies

of effective teaching. Lang et al. (1993) and Lang,

Dowaliby, and Anderson (1994) have summarized deaf

students’ perspectives on the relevance of these char-

acteristics to their content learning and motivation to

learn, respectively. In a study by Lang et al. (2007),

teachers with content knowledge were found to have

significantly better ability to reject conceptually signs

that may not be conceptually correct. These findings

and the relationship found in this study between sign

type (i.e., single, compound, fingerspelling) and word

recall also argue for avoiding out-of-field teaching

assignments when possible.

Repeatedly, imagery has been found to be one of

the best predictors of recall under different experi-

mental conditions. As deaf students learn mathe-

matics, their ability to recall prior vocabulary from

long-term memory is a function, in part, of the imag-

ery of the terms. Teachers with strong content knowl-

edge, then, will likely facilitate the acquisition of

mental imagery in their students with much more ease

because they generally possess the ability themselves.

If imagery skills can and should be taught, as an

increasing number of mathematics educators have

advocated (Presmeg, 2006), then the results of the

present investigation suggest that the effectiveness of

teachers without formal content preparation to teach

visualization skills should be a concern. Such research

may have implications for out-of-field teaching assign-

ments that remain a practice in both teacher education

programs and in schools where there is a shortage of

qualified teachers.

Regardless of the content preparation of teachers,

teacher education programs and professional develop-

ment coordinators should implement workshops and

other offerings that prepare instructors with strategies

that work to increase visualization skills and familiarity

of content in order to enhance the students’ ability to

‘‘unpack’’ concepts and words from long-term mem-

ory. As Johnson and Hwang (1983) advocated for

teachers of hearing students, those educating deaf

458 Journal of Deaf Studies and Deaf Education 12:4 Fall 2007

D
ow

nloaded from
 https://academ

ic.oup.com
/jdsde/article/12/4/449/395613 by guest on 25 April 2024



students should incorporate instructional strategies

that promote the construction of knowledge through

mental connections (schemata). Teaching new mathe-

matics concepts and vocabulary, for example, should

include making use of pedagogy that builds on prior

knowledge and context and relates the new concept/

word to a pictorial representation. For teachers of deaf

students, when compound signs or finger spelling are

used to represent mathematics terms, additional re-

inforcement through adjunct visual materials may

improve recall. Instruction that takes into consid-

eration the deaf learner’s cognitive organization and

development will likely increase understanding, per-

formance, and ultimately achievement in mathematics.
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