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Bias or Responsivity? Sex and Achievement-Level Effects on Teachers’
Classroom Questioning Practices

Ellen Rydell Altermatt, Jasna Jovanovic, and Michelle Perry
University of Mineds at Urbana-Champaipgn

The authors exsmined rates of both teacher responsiveness and sludent paricipation in the
classroom question-asking context, Parlicipants were 165 students and their teschers in 6
science classrooms, Teachers in 3 of the 6 classrooms called on male students 10 answer
guestions moare often than would have been expected an the hasis of the number of boys in the
classroom. In none of the classrooms, however, did teachers call on boys more often han
would be expected on the basis of the heightened volunteering rates of their male students, No
systemalic sex or achievement-level differences were lound in the types of questions that
students responded (o, These lindings suggest the need to focus on the role that both leachers
and their sludents play in creating and maintaining sex differences in the teacher-student

inferaction context.

Beginning carly in children's schooling, boys have been
found 1o have more positive interactions with their leachers
than do girls, including more opportunities o answer
questions (Becker, 1981, Cherry, 1975), more individual
instruction (Stallings, 1985), and more encouragement and
fecdback (Morse & Handley, 1985 Serhin, O Leary, Kent,
& Tonick, 1973). Al the same time, researchers (e.g., Jones
& Wheatley, 1990; Serbin et al., 1973; Stake & Katz, 1982)
have demonstrated that boys are more likely than girls to be
the recipients of management-oriented contacts, including
behavioral criticism and punishment. These findings—
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particularly the former—have received considerable ailen-
tion among educators and the popular press and have been
used to support the notion thai girls and boys have very
different experiences in U.S. classrooms. In particular,
claims have been made that girls are shorichanged in the
classroom becavse they are afTorded fewer opportunities
than boys to interact with teachers in academically meaning-
ful ways (American Associmion of University Women
[AALW], 1992; Sadker & Sadker, 19907,

Underscoring these differential interactions have been
suggestions that boys are invelved in more high-level or
higher order question exchanges with teachers than are girls
{Sadker & Sadker, 1982, 1989). The implication is that
teachers foster positive outcomes among boys more than
girls not enly by interacting more with bovs but also by
spending more quality academic time with boys. These
discrepancies would be expected Lo be particularly detrimen-
tal for girls in stereotypically male sex-typed school sub-
jectls, such as mathematics and science, where it has been
found that teacher-student interactions may be most likely
to favor boys (Good & Slavings, 1988 Leinhardt, Seewald,
& Engel, 197%; Morse & Handley, |985). Sex differences in
leacher-student interactions have, in fact, been hypothesized
te contribute to sex-related differences in studenl perfor-
manee and attitudes in these domains (Beller & Gafni, 1996;
Catsambis, 1995; Jones, Mullis, Raizen, Weiss, & Weston,
1992: Kahle & Rennie, 1993: Lichi, Stader, & Swenson,
1989 Weinburgh, 1995).

The role that students themselves may play in influencing
the number of questions to which they are asked to respond
has largely been ignored both in the empirical litcrature and
by the popular media. This lack of attention has been
particularly true of the literature that considers not only
quesiion quantity but question quality as well. Consistent
with this perspective, claims of teacher bias have typically
been based on findings that teachers call on boys at rates that
arc disproportionate 1o their numbers in the classroom,
Elfforts to combat this hias have, conseguently, been focused
on understanding and modifying teacher behavior, The
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possibility that differences in the proportion of umes that
boys and girls are called on (o answer questions may largely
be accounted for by sex differences in student velunicering
rates has, in contrast, been routinely neglected, The latter
situation may still constitute a bias in some scnse insofar as
girls continue to receive less attention than boys. On the
other hand, il teachers are respending to students at rates that
are consistent with the heightened volunteering rates of
boys, recommendations for change must also include dedica-
tion of resources to understanding the reasons for girls'
relative nonparticipation and toward finding ways Lo encour-
age girls to become fuller participants in the classTooms
question-asking context. A central goal of the present
investigation, then, was to assess whether student volunteer-
ing rates could, in fact, accounl for sex differentiated
student-teacher cxchanges.

Classroom Questioning and Student Learning

Teacher-to-student questioning has long been a source of
interest 1o researchers examining sex differentiation in
schools. This situation is nol surprising given the relative
frequency and visibility of question-asking in the elemen-
tary and secondary school classroom. Skilled instructor-1o-
student questioning is generally believed 1o be helpful in
eliciting thoughtful and reflective student responscs that, in
tuen, may lead to the enbancement of student cognition
(Carlsen, 1991; King, 1991; Martin & Pressley, 19915 Perry,
Vanderstoep, & Yu, 1993; Weng, 1991).

Reviews of the gquestioning literature have, however,
produced mixed results in determining whether questions
help 1o focus student attention on the learning task and
whether higher order questions, in particular, are related o
increases in children's cognitive competence. For example,
Winne (1979) and Samson, Strykowski, Weinstein, and
Walberg (1987) found no consistent effects of teachers’ usc
of higher order questions on student achievement. Redfield
and Rousseau (19813, on the other hand, concluded that
there is, in [act, srong support for the hypothesis that
leachers’ predominant use of higher level questions posi-
tively affects student achievement, Despite the inconsisten-
cies in the findings, researchers have continued 1o study and,
in many cases, o recommend the use of higher order
teacher-to-student guestions in cohancing student cognition
(French & MacLure, 1981: Morse & Handley, 1985).

Sex Differences and Question Type

The notion that boys are afforded more opportunities than
girls to respond to complex guestions has been suggested
ancedotally by Sadker and Sadker (1989, 1990) and by Stitt
{1988). However, relatively few studies to date have been
conducted to assess empirically the relationship between
student sex and the questions that students are called on to
answer. Early support for the hypothesis that boys arc
favorably differentiated from girls with regard to abstract
questions (e.g., convergent and divergent as comparcd with
memory questions) was provided by Sikes (1971) and Giood,
Sikes, and Brophy (1973), Good et al. (1973) obtained data

from 16 seventh- and eighth-grade mathematics and social
studies classrooms that showed not only that boys arc
provided with more response opportunities overall but also
that they arc given the chance (o respond to more process
guestions (i.c., lhose involving an explanation of complex
phenomenon or problem-solving strategies) than their fe-
male classmates.

Later studies, however, have provided somewhat mixed
results. For example, Becker (1981) found that in geometry
classes, boys were called on to respond Lo more higher order
process questions than females. In contrast, Hillman and
Davenport {(1978) reported that boys were called on more
than girls for product, but not for process, fuestions,
Additionally, Jones and Wheatley {1990} reported no signifi-
cant sex differences in the opportunities that high school
science students had to answer abstract questions, whercas
Scantlebury and Kahle (1993) found that boys were asked
more higher order questions than girls in some, but not all, of
the science classrooms investigated.

In short, although there is some indication that boys are
asked more abstract questions than are girls, studies are
clearly required to verify this finding. Regardless, even il
researchers can conclude that at Jeast in some classrooms
hoys are asked dillerent types of questions than girls, the
question still remains whether the behaviors of teachers,
students, or both can account for these differences,

Teacher Bias or Teacher Responsivity?

In describing the equitable classroom, Scantlebury and
Kahle (1993) suggested that the type and percentage of
questions answered by boys and girls should approximate
the percentage of boys and girls in the class. Although this
type of analysis would clearly take into consideration the
teacher's Tole in question-asking interactions (e.g., on whom
the weacher callsy, it fails 1o consider fully the influence that
students themselves may have on the types and numbers of
questions that they are asked (e.g., by considering whether
boys and girls may be volunteering at rates that arc
disproportionate to their numbers in the classroom). In other
words, it 15 likely that a bidirectional relationship exists
between teachers and students wherein students are, in part,
determiners of their own experiences (Bell, 1968; Lerner,
1982; Lerner & Busch-Rossnagel, 1981).

Eceles and Blumenfeld (1985) and Fennema and Peterson
(1985) supported this contention, maintaining that precxist-
ing differences in students’ behavior are as responsible for
differentiation in student-leacher interactions as are teacher
hiases. Similarly, Brophy (1985) concluded that gender
differences in clementary school classroom experiences
were due primarily to the gender role-related differences in
the behavior of studenis themselves rather than to any
general tendency for teachers of either sex 1o reat boys and
girls differently. Whether this hypothesis holds true for
rescarch thal examines both the number and types of
questions that male and female students are asked (o respond
to in the classroom setting was a primary focus in this study.
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Student Achievement as a Maoderator of Sex Effects

Student ability or achievement level may also be an
impartant factor influencing the types and numbers of
questions that students volunieer Tor or are called on to
answer or both. Barly evidence for achievement-by-sex
differences in student-teacher interactions is provided by
Good et al. {1973). High-achieving students in the observed
classrooms were found to be more active parlicipants, to
secure more feacher contacts, and o receive more positive
teacher feedback than were low-achieving students. Similar
results were found for teacher-io-student questioning pat-
terns with high-achievers answering more open questions,
process questions, and product questions than their peers.
High-achievers were also more likely to call out responses to
questions than other students. Although both high-achieving
boys and high-achieving girls were [ound (o have more and
higher quality interactions with their teachers than low-
achicvers, the differences were most highly marked between
high- versus low-achieving boys. High-achicving boys re-
ceived the most favorable teacher wreaument. In contrast,
low-achieving boys had the poorest contact patterns with
teachers. Similar fndings are reporied in studies by Wang
and Weinstein (19800 and Parsons, Kaczala, and Meece
(1982). In the present study we examined whether achieve-
ment would, in fact, moderate any sex effects in the types
and numbers of questions that students were called on to
answer,

The Present Study

In the present study, we lested four related hypotheses
regarding the quantity and quality of questions (o which
boys wversus girls are permilted w respond in the science
classroom. First, we assessed whether boys are indeed asked
to respond o more questions overall than are girls. Because
previous sludies support this disparity, we expected similar
results, Second, we examined the hypothesis that boys are
called on to respond to different types of questions than girls.
Third, and primary to the present investigation, we tested the
hypolhesis that teacher responsiveness (i.c., on whom a
teacher calls to answer a given question) is positively related
to student responsivencss (i.c., boy—girl volunteering raies),
More precisely, we expected that sex differences in the
number and types of questions (i.e., memaory, convergent,
and divergent) 1o which students are asked to respond would
not represent an overall teacher bias (e.g., in favor of boys),
but, rather, a responsivity on the part of teachers o the
heightened volunteering rates of their (male) students. This
study is, in fact, the first to assess empirically whether boys
are more likely than girls o be called on for different types
of questions, accounting for possible differences in student
volunicering rates both overall and for these different
question types. Finally, we explored the hypothesis that
student gender and achievement level may interact to
influence the types and numbers of questions that students
are called on 1o answer.

Method

Participanis

Participants were 165 students in 6 fifth- through eighth-prade
performance-based (1.e.. hands-on} seience classrooms. Fifty-three
pereent were gitls, and the age of students ranged from 1008 to
14.17 wears, with @ mean age of 12,21 years. OF the sample, T6%
was European American, 5% was Alrican American, 496 was
Latino, 3% was Asian American, and 12% was of other ethnic
arigin,

The 6 science teachers (3 men, 3 women) associated with these
seienea elassrooms were participants in a shor-tesm longiludinal
study that examined the effects of performance-based science
teaching on boys® and girls’ attiludes and achievement in science
Hovanovic & King, in press). These 6 teachers were initially drawn
from a peol of approximately 20 wachers nominated by science
educators as exemplary hands-on instructors in Hlineis. To control
for leaching experience and to ensure that the sample of classrooms
would be comparable with respect to sociceconomic status,
teachers wilth 10 or more years of experience, teaching in middle-
o upper-middle-class school districts were considered for inclu-
sion.' From this sample, 10 teachers from several school districts in
llinois were interviewed o ensure thal certain performance-based
science teaching criterda were mel by each teacher in his or her
science classroom, A eritical selection criterion was evidence of the
leacher's inlerest in increasing pirls” participation in science. As a
result of this evalvaton process, 6 teachers from five schools
representing four school districts weree selecied to participate, All 6
teachers hold advanced degrees or have continued higher education
expericnce in science. In addition, all hut | of the eachers are
members of the [Uinois Science Teachers Associntion. OF the &
teachers, 4 exclusively teach science, The science contenl covered
during the school year varied both within and across classrooms,
The fifth- and sixth-grade classrooms eovered topics drawn from
biology or life science, physical science, and chemistry, The
seventh-grade classroom covered Lopics primarily in the biological
or life sciences, The 2 cighth-grade elassrooms foeused on physical
scicnee and chemistry, although both classrooms included units
involving life seience,

Procedure

Whole-class seience lessons (average time = 40 min) were
observed in cach of the classrooms one or two Hmes per month over
the course of | academic year, In wtal, 70 lessons were observed
acrogs the six classrooms. The eachers were instructesd that the
purpose of the study was o assess students’ response o perfor-
mance-based science instruction, Although the teachers understood
that as part ol this assessment we were inlerested in dilferences
between boys and girls in the classroom, they were not specifically
told that the [reguency of teacher—student interactions by sea
would be coded. Lessons were audio- and videotaped for subse
quent, detailed coding. The video camera was situated such that the
number of stadent volunteers per question and the identity of the
student called on by the ieacher would be maximally visible.

[n brief, a two-step coding scheme was used: (a) to determine the
cogniive type of each question asked by the wacher and {b) o
record the number of boys and girls {by achicvement level) who
volunteered for cach question. This step incleded identilying the
sex and achicvement level of the studemt called on by the teacher to

Un our sample, 61% of the mathers and 71% of the fathers of the
students had callege degrees or higher,
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angwer cach question. The deiails of this procedure are given
below.

Cuestion types.  Question transeripts were created from the
videotapes made during the observed lessons. Subsequently, the
cognitive operations established by Guilford (1979) were used to
categorize each of the questions asked by leachers into one of three
types. A simplified version of this classification system was used,
differentiating questions into those invelving memory and conver-
gent and divergent cognitive processes. Procedural questions (e.2.,
“Who ean read the next paragraph?™ ) were also coded but were not
included in subsequent analyses because of their relative infrequency.

Memory questions were those for which the student simply
needed to recall information previously learned in class or to
produce obvious lactual information from everyday expericnces.
CQuestions such as “Who can remember any one of the three parts
of the neuron?” and *Who can name a type of bubble pum?” are
examples of memory questions from one of the classrooms
ohserved for the current study, Questions were labeled as comver-
pent if a correct response required students to incorporale already
existing knowledge, material learned in class, or hoth, in such @
wiy as to close in on a solution that had not heen explicitly taught
in class. Questions such as ““What causes the meniscus?™ and “If
vou fill a cup all the way up with water and ice, and let the ice melt,
will it overllow?”" are examples. Finally, divergent questions were
those that, according to Guilford (1979), required “a broad
searching or scanning” of existing knowledge (o provide an answer
that extends beyond this knowledge (p. 161). In most instances,
these guestions both allow for many possible responses and require
students to come up with one or several of the correcl allernatives.
“Whal are some things that rescarchers from Consuner Reperts
could do 1o be fair and unbiased in their reporting?" and *“Whal arc
some games that you play where you can eontrol the distance by the
amount of force you put on an object?” are examples,

Twe raters used question transcripts to code each of the
questions according o cognitive Lype. Disagreemenls were 1o
solved through discussion. It should be noted that, in contrast Lo
much of the research condueted in the area of classroom guestion-
ing, this study did not specifically classily questions as higher or
lower arder. Rescarchers have examined a number of problems that
are evident in the higher level-lower level question distinetion. For
example, several researchers have suggested that it is mappropriste
lo assume that higher order questions are necessarily better than
lower order questions (Blank & White, 1986; Carlsen, 1991;
Corden, 1986; Farrar, 1986; French & MacLure, 1981, Parker,
[9%3: Samson et al., 1987), Guilford's {1979) laxanomy does not
make such distinctions but mercly classifies guestions in terms of
the different types of thought processes necessary (o answer
memory, convergent, and divergent questions withoul any explicit
or necessary hierarchical classifications.

Respanse opporfunities.  The second step of the coding proce-
dure was accomplished wsing a portion of the Brophy-Good
Teacher-Child Dyadic Interaction System (Brophy d Gaad, 1970),
Wilhin the Brophy-Good system, a response apportunity is coded
only in those instances in which an individual child responds to 3
question posed by the teacher and in which the teacher acknowl-
edges in some way that a response has been given (usually through
feedback). Distinetions are made, moveover, between direct gues-
tions, call outls, and open questions. Direct questions are those in
which the teacher ealls on o student who has not volunteercd to
answer the question. Call ougs are those in which a student
spontaneously provides an answer (o a question posed by the
teacher withoul waiting to be called on to respond, Finally, the
open-giiestion category ineludes all instances in which the weacher
asks a question, waits for the students to raise their hands, and then
calls on one of the students whose hand is raised. Because the

principal purpose of this study was to determine the relative
importance of teacher and student influences on the types arnd
numbers of questions that smdents are asked, it was of particalar
intgrest to consider all response opportunities that were partially
teacher-ufforded and partislly child-created. Only open questions
meel this criterion, Thus, although stodent-initiated guestions,
direct questions, and call outs were recorded, open questions were
the primary focns for investigation (Brophy & Good, 1974). This
was, in fact, the dominant question category (T4%) in all six
classrooms,

Student volunteering.  Student volunteering rales were deter-
mimed by recording, for each question, the identification number of
each student who raised his or her hand, To ensure the aceuracy and
replicability of the primary rater's coding, both overall and over
time, ot least 25% of all questions were recoded by a second rater,
Values for Cohen’s kappa ranged from (80 10 91 across the six
abserved classromms, indicating excellent interrater agreement,

Seience achievemens.  Sindents” iotal scores on the [llinois
Goals Assessment Program Standardized Test in Science (IGAF;
Niinois State Board of Bducation [ISBE], 19931 were used as a
measure of swdents’ science ability® The IGAP is designed to
measure students” knowledpe with respect o the state’s poals for
science learning. The examination is administered in all Tlinods
public schools in Grades 4, 7, and 11, Therefore, for all but the
Tth-prade students, IGAP scores were penerated before the start of
the present study. IGAP scores range from O to 500, with a
statewide mean of 250 and & standard deviaton of 100, In the
present sample, the mean score across classrooms was 31021
(50 = 33.07). The mean seores for boys (324.97, 50 = 8742y and
for girls (297.00, 80 = 96.45) were not significantly different,
Wlaly = 1.93, p = 06,

In the current study, students were divided by a median splil
within sex in each classroom into high-achievement and low-
schievement groups. The median split was conducted separately
within cach classroom because of significant differences in the
mean [GAP scores for students in Classroom 4 and each of the
other classrooms {ps < 05} This choice also seemed reasonable
insofar a5 the classroom is the level al which wachers would be
expected to differentiate between high- and low-achicvers. There-
fore, student achicvement level refers to the performance of cach
student relative o those of others in his or her classroom. A
breakdown of students by sex and achievement level within each
classroom is provided in Table 1.

Results

A total of 677 nonprocedural questions were coded during
the observed lessons across the six classrooms, Of these, 504
(74%) were open questions, 93 (14%) were direct questions,
and 80 (12%) were call outs. Boys were asked 61% of all
direct guestions and were responsible for 54% of all call

 JGAP equivalency scores were computed for 25 students for
whom TGAP results were nat available. For these 25 students,
either their finul science grade in the year that ohservations were
conducted, their final seience grade from the previous scademic
vear, ot their score on an aliernative science achievement test was
used 1o equate these students with other classmates for whom the
IGAP was available, The mean IGAP score among the classmates
on which the student was cquated {e.g., same [inal prade, same
previous grade, or same achievement seore) was then used as the
equivalent IGAP score. This was considered reasonable given the
mesderate to high correlations found between IGADP scores and each
of the three alternative achievement measures.
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ouls. These rales are consisient with those found for open
questions, with boys answering 62% of open questions
across the six classrooms. A breakdown of the number of
memaory, convergent, and divergent open guestions that were
asked by teachers in each of the classrooms is provided in
Table 2,

Owerall, boys accounted for 63% of all student volunteer-
ing. On average, there were 1.59 male volunteers and 1.01
female volunteers for each gquestion. Of the 17 most
responsive students (i.e., students constituting the top 10%
of student volunteers across the six classrooms), 14 were
boys. The 3 most responsive boys in each classroom
accounted, on average, for 33% of total male volunieering
and were called on 1o answer 51% of all open questions for
which & boy was selected. Similarly, the 3 most responsive
girls in each classroom accounted for an average of 58% of
total female volunteering and answered 48% of all questions
answered by girls.

Datar Analyyes

Chi-square analyses.  Previous research on sex differ-
ences in student=teacher exchanges has most often relied on
simple [requency counts to determine the proportion of
limes that boys versus girls are called on to answer questions
in the classroom question-asking context. To maintain
consistency with this prior research, a similar approach (i.e.,
chi-square} was taken in the current study. This approach,
moreover, allowed us w0 contrast the results obtained when
using the traditiona] approach of calculating expecied rates
of teacher responsivencss based simply on the number of
boys and girls in the classroom and the current approach that
considers the volunteering rates of these students as well.

Chi-square analyses were conducted 1o compare observed
and ecxpccted rates of tcacher responsiveness (i.e., which
student the teacher selected o answer each question) and
student volunteering for all open questions. Specifically.
chi-square analyses were designed to test the degree Lo
which (a) observed teacher responsivencss differed [rom
that which would be expected based on the proportion of
boys and girls (and high and low achievers) in the class, (b)
observed student volunteering rates differed from expected
rates based on the proportion of boys and girls {and high and
low achievers) in the class, and (¢) observed leacher

Table 1
Breakedown of Students by Sex and Achievement Level
Within Each Classroom

Achievemenl level
and smdent sex

Teacher High Low  High Low
Classroom 8K CGrade male male female [emale
1 Male 5 7 B 7 &
2 Male 7 7 7 B 3
3 Male ] 0 8 L] 7
4 Female i q @ B 7
5 Female b 7 [ 7 6
5] B i} i) ] i3

Female
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Tablc 2
Freguencies for Memory, Convergent, and Divergent
Chuestions in Each Classroom

Type _

Classraom Memary Convergent Diverpent
- Fos 29 20 e )
2 46 71 54
3 34 26 17
4 24 7 23
5 17 13 5
f 22 14 22

responsivencss diflered from expected teacher responsive-
ness based on observed student volunleering rates.

The chi-square approach reported here does nol correct
for questions in which the volunteering pool was homoge-
neous (e.g., only high-achieving males volunteer). In this
type of situation, the wacher cannot fail 1o be consistent with
student volunteering rates, As such, the chi-square approach
is potentially biased toward the null hypothesis that ob-
served teacher responsivencess will not differ [rom expeeted
teacher responsiveness based on student voluneering rates,
To rule oul the possibility that this bias was responsible for
the nonsignificant resulls oblained in the present investiga-
tion, a measure that correcls for this potentiality was
developed:

(1)

Here, § indexes sex, j indexes achievement, and £ indexes
the observation or question. ¢, represents leacher responsive-
ness {i.e., the sex and achievement level of the student called
on for each question), whereas vy, represents, for each
question, the proportion of student volunieers representing
each sex and achievement level combination. Results ob-
tained using this procedure were identical to those obtained
using the chi-square approach. That is, even alter controlling
for those instances in which the volunieering pool was
homogeneous, observed teacher responsiveness did not
significantly differ from that which would be expected based
on student volunteering rates. For case of inlerpretation, the
chi-square values are reported,

Because of marked differences in the relative number of
boys and girls in each classroom {see Table 1), in the number
of questions that were available for analysis across class-
rooms {see Table 2) and, as is shown later, differences in the
voluntecring rates of boys and girls, 11 was necessary to
conduct separate analyses in each ol the six classrooms so
that expected values would reflect these discrepancies. For
ease of interpretation, results are reported separately for Sex
Question Type analyses and for Sex X Achievement X
Question Type analyses.
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Effect sizes. To provide an overall estimate of the
strength of the reported relationships, effect sizes were
computed for outcomes oblained within cach classroom and
these effect sizes were subsequently combined to yield an
overall effect size across the six classrooms, The effect-size
eslimate used in the present analysis was r, the population
correlation between Variahles X (eg., sexh and ¥ie.g., times
called on). For all effeet sizes, the compuotation of » was
based on the following formula, where £ approximates r
{Gilass, McGaw, & Smith, 1981

(2)

In the current study, positive effect sizes indicated greater
tcacher responsiveness to or greater participation rates from
boys. Conversely, negative effect sizes indicated greater
involvement by girls in these interactions,

T test the degree o which the effect sizes were consistent
across classrooms, we also determined the homogeneity of
elfect sizes. The homogeneity statistic used was ), which
has an approximate chi-square distribution with & — |
degrees of freedom, where £ is the number of effect sizes
(Hedpes, 1982, Hedges & Olkin, 1985). A significant
slatistic indicates that the elfect sizes do not arise from a
single population. Using the same computer program thal
wias used o caleulate the effect sizes for the current study
(DSTAT; sce Johnson, 1989), outliers may be removed until
the @ statistic is no longer significant. The unigue character-
istics of the removed classrooms may then be examined 1o
determine possible moderating variables. Because of the
limited number of classrooms included in the current
investipation, close examination of these moderators is
generally beyvond the scope of the present investigation.
Polential contributors are, however, addressed in the discus-
sion portion of the article.

Sex and Question Type Analvses

Teacher responsiveness relative to the proportion of male
etned femearle stwdents.  Our first and second hypotheses were
that boys would be called on to answer more questions
overall than girls and, perhaps, that boys would be asked to
respond to different lypes ol questions (i.e., a greater number
of convergent and divergent guestions) than girls. To test
these hypotheses, observed teacher responsiveness was
compared with expected teacher responsiveness based solely
on the distribution of boys and girls in the class. Teacher
Bies, as il has typically heen defined, is evident in class-
rooms in which teachers call on students of one sex more
frequently than would be expected by chance given the
relative proportion of boys and girls in the classroom of
interest, For example, teacher bias in favor of boys [or
convergent and divergent questions would traditionally be
concluded if, given a classroom in which 50% of the
students were boys and 50% of the students were gitls, hoys
were called on 1o answer 30% of all memaory questions but
T5% of all convergent and divergent questions.

Because the number of boys and girls was unequal in each
of the observed classrooms except Classroom 5, it was
necessary to caleulate expected chi-sguare cell values that
accounted for these discrepancies. This was accomplished
by multiplying the total number of guestions asked by the
teacher within each question type by the proportion of boys
and girls in the class, respectively. In Classroom 2, for
example, 47% (n = 14) of the siudents were boys. A total of
46 memory questions were asked in this classroom. By
multiplying 46 (the nomber of memory questions asked) by
A7 {the proportion of boys in the class), we determined that,
based on the number of boys in the class, boys would be
expected 1o be called on to answer 21.62 (i.e., 47%) ol all
memory questions. Boys were, however, asked more memory
questions than would have been expected by chance in this
class: 32 of the 46 questions poscd by their teacher (sce
Tahle 3).

Significant differences between observed and expected
teacher responsiveness based on the relatve proportion of
boys and girls in the classroom were, in fact, found in three
of the six observed classrooms (Classrooms 2. 3, and 6).
Consistent with the hypotheses for the corrent investigation,
boys were called on more olien than would be expected in
each of these classrooms. Comparisons of observed and
expected values revealed similar, bul nonsignificant, pat-
terns in the remaining three classrooms as well, The
conclusion that, across all six elassrooms, boys were called
on more ofien than expected given their numbers is sup-
parted by the effect-size calculation (r = .35, p < 0001,
The homogeneity statistic was, however, also significant
(= 12.14, p = .05). Removal of the larpest outlicr, Class-
room 4, reduced the value of ¢ w o nonsignificant level
(= 6486,p = .14).

On the basis of follow-up chi-squares, no clear patterns in
teacher responsiveness across question Lypes were revealed,
In those classrooms in which the overall chi-square analyses
were significant, boys were called on significantly more
olien than would be expected for memory questions in three
of the classrooms, for convergent questions in two of the
classrooms, and for divergent guestions in two of the
classrooms. Given these inconsistencies, the data do not lend
support lor the hypothesis that boys are asked diferent
quesiions (i.e., more convergent and divergent questions)
than girls,

Student volunteering rates.  Our third hypothesis was
that teachers” tendency 1o call on boys more than girls in the
science classroom would not be the result of an overall
teacher bias in favor of boys bul, rather, a reflection of a
responsivity on the part of teachers o the heighiened
volunteering rates of the boys. As a first step in testing this
hypothesis, the second set of analyses compared observed
student volunteering rates with expected volunleering rales,
again on the basis of the relative number of boys and girls in
the parlicipating classrooms.

Expected swudent volunteering rales were caleulated in a
manner similar to that for the teacher responsiveness analy-
seq. That is, expected cell values were determined by
multiplying the total number of student volunteers for each
question type by the proportion of boys and girls in the class,
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Table 3
Summary of Chi-Square Analyses Comparing Observed Teacher Responsiveness With
Expected Teacher Responsiveness on the Basis of the Proportion of Bays and Girls

in Each Class

Boys Giirls
Classraom and - -2 e
question Lype n Observed Expected  Ohserved Expected ¥
Classroom | 28 1.35
Memory 17 15.66 12 13.34 0.25
Convergent 10 10,80 10 Q.20 013
Divergent 13 10,80 7 Q.20 no7
Classroom 2 an A g2
Memory 32 21.62 I4 2438 Q.40+ #
Convergenl 57 33.37 14 37.63 EN T i
Divergent krl 2093 22 3127 585"
Classroom 3 Kl 16, TH=#=
Memory 34 22.23 3 16.77 14,405%s=
Convergent ] 14 82 8 11.18 1.59
Divergent G 564 ) 7.31 0.68
Classrooim 4 23 1.74
Memory 11 2.40 13 L 5,60 1.24
Convergent 15 12,05 22 24.05 (.50
DMvergent 8 8.05 15 14.95 (.00
Classroom 5 26 4.91
Memaory 12 .50 5 850 .79
Convergent o 6,50 4 .50 1.2
Divergent 3 2.50 2 .50 0.20
Classroom 6 28 20 5ok
Memory 15 944 7 12.54 3060
Convergent 10 6.02 4 708 462
Divergent 17 9.46 5 12.54 10).53#%==
Note,  All overall chi-squares are calculated with 3 e, All [ollow-up chi-squares are calenlated
with 1 df,
*p o< .I]l:‘"lir. *ip < O MR DD FEERp < DI,

respectively. Again, we use Classroom 2 as an example.
Here, there were 162 student volunteers for memory ques-
tions. In the classroom, 47% of students were boys, Multiply-
ing 162 by .47, a value of 76.14 is obtained, which (given
that the total number of student velunteers remains constant)
15 the number of volunieers we would have expected o be
boys. The observed value for male volunteers, 108, far
exceeds this expected value,

Results from these analyses are summarized in Table 4, In
[our of the six classrooms observed (Classrooms 2, 3, 5, and
6), there was, in fact, a significant difference belween
observed and expected volunteering rates. In cach case, boys
volunteered significantly more often than would be ex-
pected. A similar, but nonsignificant, pattern was also
evident in Classroom 1. These findings were confirmed
across the six classrooms by the effect size caleulations
(r=.32, p<<.0001), The hypothesis of homogeneity of
effect sizes was again, however, rejected (Q = 71.94,
P = 0001, Removal of Classrooms | and 4 reduced this
value 1o nonsignificant levels (0 = .90, p = 53). Again,
there was no clear pattern of sex differcnces in student
volunieering rates across question types,

Ii 15 interesting that only in Classroom 4 was a pallern in
the opposite direction found, with girls volunteering more
ofien than boys, particularly for divergent questions. The
fact that the teacher in this classroom was female does not
appear to account for the heightened volunteering among

girls: Significant differences in volunteering rates in favor of
boys were found in each of the other two classrooms in
which the instruclor was female.

Teacher responsiveness relative to studemt volunteering,
The final set of Sex X Question Type analyses again
involved comparing observed teacher responsiveness with
cxpected teacher responsivencss. This time, however, ex-
pected leacher responsiveness was nol based on the number
of boys and girls in the class but, rather, on the distribution
of male and female student volunteers in the class. Our
hypathesis, again, was that although 1eachers may call on
boys more often than girls in some classrooms, this is
probably because teachers are responding to the heightened
volunteering rales ol the boys in these classrooms. To
examine this hypothesis, expected cell values for teacher
responsiveness were caleulated by mulliplying the propor-
tion of male and female volunteers, respectively, by the total
number of questions within cach type. In Classroom 2, lor
example, 108 {or 67%) of the 162 volunieers for memary
questions were boys. There were a total of 46 memory
questions asked during the observed lessons for this class-
room. Multiplying 46 by .67, a value of 30.64 iz obtained.
This is the number of times we would expect a boy o be
called on, assuming that male—female volunteering rates
remained constanl. Boys in this elass were, in fact, called on
1o answer 32 of the 46 memory questions asked: just one
more question than would be expected based on their
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Tahle 4

Summary af Chi-Sqeuare Analyses Comparing Observed Student Volunteering Rares With
Expecred Volunteering Rates on the Basis of the Proportion of Bovs and Girls

in Each Clags

Classroom

523

and Boys Girls
guestion i 0 ;
Ly n Observed Expected Ohserved Expected X
Classroom | 28 543
Memuory 44 4158 28 542 288
Convergenl an 3l.86 10 714 .24
Divergem 7 2214 14 [4.86 232
Classroom 2 30 [19.6]%wun
Memory 108 T6.14 34 85.86 25.]5%4a%
Convergent 182 16.00 64 130.%1 T2 76Hne4
Divergem 13 42.25 62 92,75 3 I
Classroom 3 30 55.G0%wEN
Memery 114 13.35 ] A J1.Awnn
Converpent 63 5358 a1 40.42 385
Divergent I8 27.36 20 2062 (03
Classroom 4 23 7.1
Memory 1] 18.50 5 35,10 (hO5
Convergent 30 35.00 Y 6300 100
Divergent 15 L85 30 46,15 .01+
Classroom 5 26 1127
Wemory v [9.50 12 15,56 T
Convergent L5 19.00 3 100 5.00#
Divergent ] .01 3 4.0} 0.50
Classroom 6 28 LR s
Memory 20 12,90 ] [T 10 i B
Convergent 20 [7.20 20 22,30 0.80
Divergem 43 2165 12 3135 27 Tpeea
M::l??.l d?l] overull chi-squares are caleulated with 3 dfs. All follow-up chi-squares are caleulated
Wikh i

¥p < 050 ¥Ep < 01 ¥EEER < 0L,

heightened volunteering rates compared with girls in this
class.

Conlirming our predictions, in none of the parlicipating
classrooms did observed teacher responsiveness differ signifi-
cantly from expecied teacher responsivencss when we used
student volunteering rales to calculate expected values (see
Table 5), The degree of overlap was quite striking in five of
the six classrooms, with p values ranging from .64 10 .99,
When we divided the number of times each student was
called on by the total number of tmes that he or she
volunieered, we found that girls were, in fact, slightly more
likely than boys to be called on when they volunteered.
Specilically, a girl was, on average, selected Lo answer a
question 46% of the time when her band was raised; a
volunteering boy was selected in 44% of these instances,
Morcover, a similar pattern of results was found for the 3 maost
responsive boys and girls in cach classroom. Within this
subset of students, boys and girls were called on 10 answer
questions 42% and 41% of the time, respectively, when they
volunteered. The remaining boys and girls were, in contrast,
called on 10 answer questions 47% and 48% of the time,
respectively, when they volunteered to answer a question.

Interestingly, only in one classroom (Classroom 4) was
there any cvidence of a pattern that was inconsistent with our
predictions. In this clagsroom, which was the only classroom
in which girls tended to volunteer more often than boys,

there was a nonsignificant trend {p = .12} for the teacher 1o
call on boys more often than would be expected based on
their somewhat lower volunleering rales relative to girls'.
The effect-size caleulation across classrooms was, as antici-
pated, nonsignificant (r = .05, p = .2601). The homogene-
ily stalistic was, moreover, nonsignificant (@ = 7.056,
p =.22), indicating that the pattern of results found in
Classroom 4 was not sufficiently deviant for the hypothesis
al homogeneity of effect sizes 1o be rejected.

Sex, Question Type, and Achievement Analvses

Analyses identical to those performed above were con-
ducted with relative student achievement (high vs. low)
within each classroom considered, Because of small cell
sizes that were due both to the numbers of questions asked
by tcachers and the volumeering rates of students in
Classrooms 5 and 6, results are meaninglully inlerpretable
only for the first 4 classrooms.

As might be expected, results were similar to those
reporied for the Sex X Queston Type analyses. In both
Classrooms 2 and 3, significant overall differences were
found between observed teacher responsiveness and the
patlern o be expected on the basis of the proportion of high-
and low-achieving boys and @irls in these classrooms.
YA, N =300 = 7470, p < 001, and ¥* (8%, N =3 =
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Table 5

Summary of Chi-Square Anafyses Comparing Observed Teacher Responsiveness With
Expected Teacher Responsiveness on the Basis of Boys' and Girls' Volunteering Rates

Classroom
and Boys
question -~
type n Observed Expected Ohserved Expected ¥
Classroom 1 28 (.35
Memuory 17 18.50) 12 10,50 0.34
Convergenl 10 10.16 10 984 0.01
Divergenl 13 13.16 7 682 .01
Classroom 2 an 1.60
Memuory 3z A6 14 15.36 0.18
Convergen| 57 5261 14 18.309 1.41
Divergent 37 sy 22 20.89 0.1
Classroom 3 B} 097
Memary ! 34,40 3 4.60) 0.05
Convergent 18 17.71 b B3z 002
Diivergent ] .95 o 7.06 0.on2
Classroom 4 23 576
Memory I .42 13 15.58 1.2]
Convergent 15 11.10 22 25.90 1.96
Diiverpent ] 085 15 I18.15 2.50
Classroom 5 26 .28
Memory 12 11.75 5 525 0.03
Convergent 9 0,70 4 321 .25
Diverpent 3 113 2 1.8% 0.1
Classroom 6 28 i
Muemory 5 14.61 7 7.9 .03
Convergeni iy 4493 4 a07 (10}
Dvivergent (i) 17.16 5 484 (1.0

Mote.  All overall chi-squares are caleulated with 3 dfs. All chi-square values are nonsignificant.

2161, p =< 01, respectively. In Classrooms 1, 2, and 3,
observed student volunteering rates differed from expected
rales based on this same criterion, ¥* (9, N = 28) = 2777,
po= 001 x2 (9 N =30) = 22482, p < .001; and ¥* (9,
N =30y = 69.37, p < 001, respectively,

Few consistent discriminatory paiterns in teacher respon-
siveness or in student volunteering rates on the basis of
relative student achievement were noted in the Follow-up
analyses. Likewise, no consisient patterns were found across
question types. In some classrooms and al some question
types, both high- and low-achieving boys were found 1o
receive more teacher attention and to volunteer more ofien
than would be expected based on their numbers in the
classroom. In the same way, both low- and high-achieving
girls were found, al some poind, to receive less attention or to
volunteer less often than would be expected. Interestingly,
significant alternative patterns (i.e., indicaling greater atten-
tion to or volunteering from girls or indicating lesser
dtlention to or volunieering [rom boys) were never found,
regardless of student achievement. This finding provides
some evidence [or the conclusion that, at least in this sample,
observed differences in teacher responsiveness (on the basis
of the proportion of boys and girls in class) and in student
volunteering are more strongly poverned by student sex than
by an inleraction of student sex and relative achievement
level.

Most important to the current study is the finding that, as
hypothesized, in none of these four classrooms did observed
leacher responsiveness differ significantly from what would

be expected based on the diswribution of high- and low-
achieving male and female volunteers within cach class-
room. Chi-square values ranged from 4.04 1o 7.73 across the
four classrooms. The degree of overlap was, again, striking,
with p values ranging from .56 to .91, Clearly, teachers in
these classrooms were calling on students at rates that were
consistent with patterns of student volunteering. These
findings were again confirmed by the effect-size caleulations
{r = .08, p = .12). Closer examination of the results, using
relative achievement level as a potential mederaling vari-
able, indicated that teacher responsiveness did not differ
significantly from expected levels based on student volunteer-
ing rates for either high (r = .09) or low (r = .06} achicvers
(@ = .01, p = 79).

Discussion

Often ignored in the literature on sex differences in
classroom interactions is the role that students themselves
may play in influencing the numbers and types of questions
1o which they are asked to respond (e.g.. through volunteer-
Ing to answer questions posed by their teacher). The purpose
of this study was to address this gap in the corrent literature
by examining rates of both teacher responsiveness and
student participation (i.c., volunteering) in the classroom
question-asking context. Although, as in previous rescarch,
we expected that teachers would direct more of their
questions Lo their male than to their female students, we also
anticipated that teachers would do so at rates that were
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consistent with the heightened volunteering rates of boys in
these classtooms,

Replicating the findings of several previous studics (e.g.,
Becker, 1981; Good et al., 1973; Morse & Handlew, 1983},
we found that teachers in three of our six classrooms did call
on boys significantly more often than would be expected on
the basis of the relative proportion of boys to girls in the
class. Patterns in this same direction were evident in each of
the three remaining classrooms. Although several research-
crs (e.g.. Becker, 1981; Good et al., 1973; Scantlebury &
Kahle, 1993} have also found support for the hypothesis that
boys are asked maore higher level questions than are girls, we
found evidence in support of the alternative claim that boys
and pirls are asked similar questions {see Hillman &
Davenport, 1978; Jones & Wheatley, 1990), In the same
way, we found that question type was not differentiated by
student achievement level. As anticipated, when we calcu-
lated expected rates ol teacher responsiveness based on the
number of boys and girls in the voluntcering pool from
which the teacher selected a respondent, boys were no
longer favored over girls. A similar pattern of results was
evident when student sex and achievement level were
considered together,

Further evidence that teachers were not demonstrating an
overall bias in favor of boys in these classrooms can be
derived from the result that boys and pirls were equally
likely to be called on when they volumeered. In the same
way, neither male nor female target students (i.e., the 3 most
responsive students of each sex in cach classroom) were
more Likely than nontargets o be called on when their
respective volunteering rates were taken into consideration,
In facl, a pattern in the opposite direction emerged with
nontargets somewhat more likely o be called on than targets
when they volunteered, Therefore, not only were teachers
calling on students at rates that were fairly consistent with
their volunteering rates, but it appeared that teachers were,
in fact, somewhat more responsive (o students for whom
levels of parlicipation were reduced,

In only one classroom did the pattern of results differ
{although not significantly so) {from our prediction that rates
of teacher responsiveness would be consislent with rates of
student volunteering. In Classroom 4, girls volunteered to
answer more guestions than would be expected relative o
boys. A likely feature of this classroom that may have
permilied girls’ heightened volunteering rates was their
numerical dominance: 63% of the students in this class were
girls. Furthermore, this is the only classroom in which there
wis a trend for teachers to respond to students al rates that
were inconsistent with their volunieering rates. That is, girls
were called on somewhat less often than might have been
expected on the basis of their volunleering rates.

One possible interpretation of this linding is that the
Classroom 4 teacher may have underestimated and, thus, not
have fully compensated for her girls' increased responsive-
ness. Despite the fact that women are often stercotyped as
loquacious, in a variety of contexts including the classroom
context, it is men and boys who talk more (Spender, 1982). It
is also plausible that the weacher in Classroom 4 may have
been using questions as a form of discipline or a means w

draw boys' attention to the lront of the class (Eccles &
Blumenfeld, 1983; Pintrich & Blumenleld, 1985). In this
classroom, the boys clustered toward the back of the room,

Owr findings are critical in two respects. First, we provide
a possible alternative explanatdon for why sex differences in
teacher—student inleractions continue to be found, even
among these exemplary science teachers. Quite simply,
teachers may be calling on boys more than girls not because
they are biased (at least not in the traditienal sense) in favor
of boys but, rather, because they are selecting from a
volunleering pool that is dominated by boys, Second, we
imply from our findings that it may be necessary Lo
reconsider the focus of recommendations 1o educators, If
student velunteering remains a eritical feature of teacher—
student interactions, simply instructing a teacher to call on
girls more oftien may be unreasonable when such a teacher is
faced with a volunteering pool that is 70% male (as in
Classroom 2). Efforts should be made o vunderstand the
reasons for girls’ relative nenparticipation so that steps can
be Laken to encourage girls to become fuller participants in
the classroom question-asking context. These efforts may be
most critical in the elementary years. That is, il elementary
school eachers hold different expectations for parlicipation
[rom their male and female students, particularly in subject
domains such as science (Kelly, 1988; Shepardson &
Pizzini, 1992), these expectations may play a critical rale in
socializing later sex differences in student participation.

Some rescarchers have suggesied that one way in which
teachers may alleviate the negative consequences of dimin-
ished volunieering rates among girls is 1w use teaching
strategies that defend against male dominance. Eccles and
Blumenfeld (1985), for example, have noted that some girls
may feel threatened in classrooms characterized by a high
reliance on participation through student volunteering, In
contrast, it is belicved that classrooms characterized by high
levels of teacher-controlled questioning (i.e., direct ques-
tions} and more private student-teacher interactions may
facilitate heightened participation among these students,

Whatever the recommendations, care must be taken Lo
examine [ully their implications. Recommendations to dedi-
cate resources w understand the reasons for girls' relative
nonparticipation and o encourage greater voluntecring
among girls may elicit fears that girls are being blamed for
their lower participation rates. At the same time, recommen-
dations 1o restruclure the classroom to appear more
“lriendly™ to girls may raise concerns that girls are being
overprotected. The latter recommendation will also require
sex-equitable distribution of direct questions and careful
management of call outs, both of which favored boys
{although at relatively moderaie levels) in the current
sample.

In addition to addressing sex-related differences in volun-
teering rates specifically, recommendations may be aimed
more generally at creating equitable experiences in the
classroom question-asking conteat for all students. Consis-
tent with fadings reported by Tobin and Gallagher (1987,
we found that a very small percentage of students (ie., 3
targets of each sex in each class) accounted for a large
proportion of the total volunteering pool {33% and 58% for
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boys and girls, respectively). As might be expected given the
group-level consistency between teacher responsiveness and
student volunteering rates, these same target students were
called on by their teachers lo answer a disproportionale
number of the open questions posed by their teachers (51 %
and 48% for boys and girls, respectively). Boys were much
more likely than girls to be a part of this target group of
students. It is not, however, the case that teacher—student
interactions were dominated by a small percentage of
students only among boys. This finding, in particular, suggesis
thal increasing participation among nontarget students regard-
less of gender will be a critical feature of creating an
equitable teacher—student interaction environment,

Several limitations of the current study should be noted.
First, because the purpose of this study was 1o examine
group-level diflerences in teacher responsivity to student
volunteering rates, the quantity and quality of teacher
responses 10 student answers were nol evaluated. Sex-
related differences in the amount and types of feedback tha
students receive have been reported in the empirical litera-
ture {e.z., Becker, 1981; Jones & Wheatley, 1990; Morse &
Handley, 1985). Certainly, then, the impact that teacher
feedback may have both on student volunteering rates and
on attitudes toward classroom participation should be exam-
ined in future research.

A second limitation of the present study is that the
participating teachers were, clearly, a small and select
sample, All were deemed exemplary science teachers and,
furthermore, were regarded as being sensitive o issues of
gender equity in their teaching of science. Continued
research will be necessary to generalize the finding that
teachers are responding to student volunteering rates rather
than to student sex or achievement level (o other classrooms.
Because the current investipation was limited to fifth-
through eighth-grade science classrooms, additional re-
search will be particularly helpful in clucidating whether the
pattern of results remains similar across academic subject
areafe.g., stereotypically feminine subject areas like English
and reading) and grade level, Moreover, this work will be
critical in providing evidence regarding the degree (o which
teachers do or do not respond 1o studenis at rates that are
consistent with volunteering rates {in rare instances) when
girls are the group to dominate in the question-asking
context.

On the other hand, the select sample may be considered a
strength of the current investigation insofar as it permitied us
to demonstrate that teqcher bias as it has been typically
defined (i.e., calling on one group of students at rates that are
inconsistent with their number in the classroom) is apparent
even among these exemplary teachers, In so doing, our point
that research must concern itself with the role that both
leachers and students play in thesc interactions was high-
lighted. Focusing on the former while ignoring the latter
may conceal the important notion that exemplary teachers,
and perhaps most teachers, are remarkably accurate in
responding to studenis at rates thal are consistent with
student volunteering rates,

In summary, the present investigation provides an alterng-
tive explanation for observed sex differences in teacher—
student interactions in the classroom question-asking con-

ALTERMATT, JOVANOVIC, AND PERRY

text. Although teachers do not appear 1o be the major source
of the consolidation of sex-differentiated questioning pat-
terns in al least the late-clementary and middle school
science classrooms, the inequalities that remain cannot be
ignored. Fecusing on the role that both teachers and their
students play in creating and maintaining obscrved sex
differences in the teacher—student interaction context will be
critical in alleviating the cffects that nonparticipation may
bring,
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