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ABSTRACT Wwithin science education reforms, a pedagog-
ical shift from a teacher-centered, textbook-based instruction-
al paradigm to a student-centered, inquiry-based model is
called for. Despite strong theoretical grounding, thereis limit-
ed empirical evidence that these reforms will achieve national
goals of academic excellence and equity. The author used hier-
archical linear models to estimate the extent to which 5
inquiry-based teacher practices promote achievement of all
students (excellence) and reduce gaps in achievement among
students with different demographic profiles (equity). Find-
ings suggest that teacher practices that improve overall acad-
emic excellence simultaneously are as likely to contribute to
greater inequities among more and less advantaged students
asthey areto close persistent achievement gaps.
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Theoretical Framework

he National Science Education Standards (National
Research Council, 1996) include specific guidelines that
describe how science instruction should be conducted in high
schools. The standards encourage teachers to replace tradi-
tional teacher-centered instructional practices, such as
emphasis on textbooks, lectures, and scientific facts, with
inquiry-oriented approachesthat (a) engage student interest in
science, (b) provide opportunities for students to use appro-
priate laboratory techniques to collect evidence, (c) require
students to solve problems using logic and evidence, (d)
encourage students to conduct further study to develop more
elaborate explanations, and (€) emphasize the importance of
writing scientific explanations on the basis of evidence.
There is substantial empirica and theoretical evidence
that inquiry-based instruction is a starting point for person-
al construction of meaning and can lead to higher achieve-
ment of all students (Anderson, 1997; Burkam, Lee, &
Smerdon, 1997; Carey, 1985; Carmichael et al., 1990;
Ertepinar & Geben, 1996; Freedman, 1997; Glasson, 1989;
Lee & Burkam, 1996; Lee, Chen, & Smerdon, 1996;
Odubunmi & Belogun, 1991; Piaget, 1970; Stohr-Hunt,
1996; von Glaserfeld, 1984, 1987; Von Secker & Lissitz,
1999). One question that has not been well explored is
whether the “payoff” associated with specific instructional
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practices varies significantly for individuals with different
probabilities of academic success.

Most of the variability in science achievement has been
attributed traditionally to socioeconomic status (SES),
minority status, and gender (Coleman et al., 1966; Gibbons,
1992; Hilton & Lee, 1988; Hoffer, Rasinski, & Moore,
1995; Madigan, 1997; Mason & Kahle, 1989). In general,
evidence explaining how teacher practices interact with
combinations of student background variables or socia
context to influence science achievement is sparse. One of
the criticisms of the standardsis that, although they empha-
size the importance of science achievement for all students
regardless of demographic status, proposed science educa
tion reforms do not directly address theoretical issues sur-
rounding ethnic, socioeconomic, and gender equity
(Rodriguez, 1997). Although evidence exists that differ-
ences in teacher practices explain some discrepancies in
achievement (McCauley, 1995; National Center for Educa
tion Statistics, 1992), there is no empirical evidence to sup-
port the viability and utility of proposed instructional
reforms for creating more equitable opportunities for stu-
dents nationwide (Donmoyer, 1995; Riechard, 1994).

In this analysis, | extend the focus of the policy discus-
sion beyond a description of background variables associat-
ed with the statistical risk of low science achievement and
study of the interaction of gender, SES, and race—ethnicity
as social contexts, or collections of variables that ater the
psychological significance and social demands of life
events and the subsequent relationship with academic risk.
Understanding whether, and to what extent, inquiry-based
teacher practices influence science achievement in socia
contexts will provide clues about how to foster more equi-
table educational opportunities for all students.

In this evaluation, | sought to answer the following gen-
era questions:

1. How much can inquiry-based instruction influence
academic excellence of al students, regardless of socia
context?
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2. Do teacher practices interact with student background
variables to produce more equitable science achievement in
some socia contexts than in others?

Method
Data Sources

Datafor this analysis were obtained from the first follow-
up (10th grade) of the National Education Longitudinal
Study (NELS) sponsored by the National Center for Educa-
tion Statistics, U.S. Department of Education. NEL'S focus-
es on the personal and academic experiences of students as
they progress from 8th grade to high school and beyond.
The NELS first follow-up survey in 1990 comprised a
national probability sample of al regular public and private
10th-grade schools in the 50 states and the District of
Columbia in the 1989-1990 academic year. In the evalua-
tion, | used a sample of approximately 4,377 students in
1,406 classes who fit the following filters: (a) demographic
data available, (b) enrolled in 10th grade during the
19891990 academic year, (c) 10th-grade science achieve-
ment data available, and (d) biology teacher questionnaire
available. Students from various cells defined by the classi-
fication scheme were sampled with different probabilities
of inclusion. Therefore, we weighted data to adjust the con-
tribution of each case according to the number of other indi-
viduals in the sampled population whom he or she repre-
sented and to account for sampling error due to random
discrepancies within the population.

Instrumentation

Three demographic characteristics are available in the first
follow-up data file, namely, gender, race—ethnicity, and SES.
In this study, boys were assigned values of 1 and girls were
assigned values of 0. We reclassified students' racial—ethnic
gtatus as either minority or mgority to maintain sufficient
subgroup size. Therefore, African American, Hispanic, and
American Indian students were assigned values of 1 (minor-
ity); Caucasian American and Asian American students were
assigned values of 0 (mgjority). This approach was justified
because of the similarities in the distribution of science
achievement among groups of students who were assigned
each vaue. SESis a standardized composite variable devel-
oped by the National Center for Education Statistics, using
base-year, parent-questionnaire data, such as family income
and the education level and occupation of each parent. The
SES quartile variable used in this analysis indicates the quar-
tile into which the value for a student’s SES falls. Each of 16
unique socia contexts was defined as the combination of
three demographic characteristics, namely, gender (male or
female), minority status (majority or minority), and SES
quartile (Quartile 1 is the lowest SES). An itemization of the
number of students with each demographic profile (social
context) is shown in Table 1.
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| measured science achievement with a standardized sci-
ence test developed by the Educational Testing Service
expressly to measure higher order thinking aswell as under-
standing of fundamental concepts and mastery of basic
skills. Observed science achievement scores for studentsin
this sample are shown in Figure 1.

Measurements of teacher practices were selected from
items on the NEL S teacher questionnaire that asked teach-
ersto report how much emphasis they place on (a) eliciting
student interest and engagement, (b) using appropriate lab-
oratory techniques, (c) problem solving, (d) conducting fur-
ther study, and (€) scientific writing. This analysis estimat-
ed the individual and combined effects of these five teacher
practices on the science achievement of individuals with
different probabilities of academic risk.

A limitation of this study is that teachers were not sam-
pled randomly, and generalizations about teacher character-
istics are unwarranted. The results of this analysis apply to
a subsample of studentswho werein Grade 10in 1990. The
results are intended to be suggestive, not conclusive. They
can be used to inform discussions about the effect of teacher
practices on achievement and equity, but they should not be
used to prescribe policy.

Analytic Model

In thisanalysis, | used two-level hierarchical linear mod-
els (HLMs) to examine individual and unique associations
of teacher practices with the science achievement of 4,377
high school students (Level 1) in 1,406 biology classrooms
(Level 2). HLM calculates both intercept and slope hetero-
geneity. Therefore, estimates of associations of teacher
practices with science achievement included analysis of the
direct effect of teacher practices on average achievement of
students in different classes and analysis of indirect effects
(cross-level interactions) of teacher practices on the
achievement of individuals in the same class. A detailed
explanation of the data analysis methods used by HLM is
available in Bryk and Raudenbush (1992).

Preliminary analysis. The simplest HLM eguation for
estimating achievement, Y;, of person i in classj is: Y, =
By * Iy~ In this preliminary model, B, represents the mean
achievement of class j, and i is the deviation of the
achievement of person i from mean achievement of classj.
R, is assumed to be normally distributed with mean 0 and
variance 0. The Level 2 equation for the random intercept,
ﬁoj, has the form Boj = Yoo T Hy- Here v, equals the grand-
mean achievement for the population of classes, and Hy, is
the deviation of the mean of class j from grand-mean
achievement. The values of i, are assumed to be normally
distributed with mean O and variance U, The expanded
equation is: Y;; = Yo, + My + 1.

Preliminary HLM analysis partitioned variance in sci-
ence achievement into that part that was unique to classes
(U, and the pooled within-class residual (U?). | used these
estimates of the variance components to calculate the intra-
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Table1.—HLM Level 1 Estimates of Effects of Social Context on Science Achievement

Race/ethnicity SES Weighted Predicted science Effect of Effect of
and gender quartile n % achievement? class mean® social context®
Minority female 1 (low) 227 5.23 36.77 -1.05 -0.87
Minority female 2 134 2.98 41.31 -0.66 -0.57
Minority female 3 96 2.02 47.24 -0.04 -0.28
Minority female 4 72 1.45 51.44 0.30 0.01
Minority male 1 199 4.37 41.31 -0.79 -0.48
Minority male 2 135 3.00 43.86 -0.65 -0.26
Minority male 3 80 1.65 47.83 -0.26 -0.04
Minority male 4 50 1.00 52.45 0.25 0.18
Majority female 1 272 6.56 45.18 -0.29 -0.36
Majority female 2 453 10.38 49.50 0.05 -0.06
Majority female 3 466 10.92 53.32 0.31 0.24
Majority female 4 563 11.44 57.37 0.61 0.54
Majority male 1 203 5.13 51.38 -0.22 0.39
Majority male 2 391 9.67 55.50 0.14 0.65
Majority male 3 466 11.19 56.11 0.30 0.61
Majority male 4 570 13.00 61.68 0.91 0.87

Note. Cases are weighted by normalized FIQWT to adjust the contribution of each case according to the number of other indi-
viduals in the sampled population whom he or she represented. N = 4,377. HLM = hierarchical linear modeling.

aPredicted achievement of individual i in classj was calculated by using the Level 1 equation, Y = BoJ + ZBDJ(XD). Thus, pre-
dicted achievement for each social context was the sum of the average class achievement for individuals with that demograph-
ic profile, plus the sum of the products of the slope coefficients times the grand-mean centered value used in the Level 1 model.
bThe effect size was the standard deviation difference in science achievement for classes that included students with this pro-
file. °The effect size was the estimated standard deviation difference in science achievement associated with each demographic
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profile over and above that explained by differences in class means.

Figure 1. Effects of Social Context on Science Achievement

class correlation, an index that measures the degree to
which students who attend the same class are more like
each other than they are like students in other classes. The
intraclass correlation (U) is shown by the following formu-
la U = Uyy/(U,, + U?). Using HLM to control for cluster
effects is justified even when intraclass correlations are as
low as .02 (Kreft & De Leeuw, 1998). The adjusted intra-
class correlation for between-classes variability in this sam-
ple was .52. Ignoring this very high intraclass correlation
and analyzing disaggregated data using traditional multiple

regression techniques rather than HLM could have led to
underestimation of the effects of instruction on science
achievement.

Within-class model. In the within-class, or Level 1 model,
the j regression equations (one per class) predicting indi-
vidual achievement included a random intercept and seven
nonrandomly varying predictors of demographic status (p),
namely, SES, gender, racial—ethnic status, and their two-
way and three-way interactions. | used SES to measure dif-
ferences in achievement associated with family advantage.
I included two dichotomous measures (i.e., male and minor-
ity) to control for gaps in achievement that could be
explained by gender or minority status, respectively. The
within-class regression eguations varied as a function of
mean class achievement and the relative strength of the
effects of p student demographic characteristics. The equa-
tion for predicting an outcomefor individual i in classj was:
Yij = [3Oj + Bpj(xp) +r. All student-level characteristics (Xp)
were grand-mean centered. Because random variance com-
ponents were not estimated for nonrandomly varying pre-
dictors (Bpj), the pth slope coefficient in every class j was
equal to the grand mean of the respective slope coefficient,
(ypo), for all classes. The within-class equation can be inter-
preted as follows:

[3Oj = mean outcome of all studentsin classj,

difference in achievement in class j associated with 1
standard deviation change in SES,

[32j = gender gap in achievement in classj,

1
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B = minority gap in achievement in classj,

B 5 = two-way interaction of SES and gender with achieve-
ment in classj,

Bg = two-way interaction of SES and minority status with

achievement in classj,

Bg = two-way interaction of gender and minority status
with achievement in classj,

B, = three-way interaction of SES, gender, and minority
status with achievement in classj,

r. = deviation of person i from mean achievement of class
j when demographic status is controlled

Between-classes model. The direct effects of teacher
practices (W,) on the mean class achievement and on the
cross-level interactions of classroom instruction with stu-
dent-level characteristics were estimated in the between-
classes (Level 2) model. | used six HLMs to evaluate the
individual and combined effects of five teacher practices on
science achievement. The following are Level 2 equations
for estimating the individual effect of teacher practice g:

Boi = Yoo+ YogWy) * Hopr By = Vo + Yog(W)-

The following are the Level 2 equations for estimating the
combined effects of five teacher practices:

By = Yoo * YogtWy) + B By = Yoo T Vg (W)

Because measures of teacher practices were grand-mean
centered, the Level 2 equations can be interpreted as fol-
lows:

Yoo = 9rand mean science achievement for classes where
teacher emphasis on one (or five) teacher practice(s)
qisaverage,

Yoq = deviation in achievement associated with 1 standard

deviation change in ateacher practice q,

= deviation of class j from y,, when teacher emphasis

on practice q is average,

Yo = average effect of the pth demographic characteristic
or interaction on individual achievement,

Yoq = deviation from Yoo associated with a one-unit change
in teacher practice q.

-
k=]
|

The expanded equation for the between-classes model
was Y = (Yoo + Yoglly + Hg) + (Voo + VpgW)(%) + 1y
applied this model to predict the direct and indirect effects
on science achievement of greater teacher emphasis on
inquiry-based instructional practices for students with vari-
ous demographic profiles.

Predicting Changes in Science Achievement

Calculating direct effects of instructional practice on class
means. Predicted mean achievement of a student in class j
when teacher emphasis on all practices was average was cal-
culated using the Leve 1 equation BOJ. = Yoo * Hy;e The Leve
2 equations predicting changes in class mean achievement
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associated with the individual effect of one teacher practice q
and the combined effects of using five teacher practices q
were By = Yoo + Yog(W) + Ky and By = Yoo + Yoo(W,) + Ky,
respectively. | calculated conservative estimates of the sizes
of the effects of anincrease of 1 standard deviation in teacher
emphasis on either one individua practice or on the combi-
nation of five practices on class means by dividing the differ-
ence in the predicted values of Bo,’ obtained from the Level 1
and Level 2 equations by the standard deviation of the inter-
cept obtained from the pooled within-classHLM, avalue that
is assumed to be the same for al classes. Results of this
analysis are shown in Figure 2.

Calculating interactions of instructional practice with
social context. Socia context was defined as the combined
effect of three demographic characteristics (i.e., SES quar-
tile, minority status, and gender) and their two-way and
three-way interactions; | calculated it by summing the prod-
ucts of the slope coefficients with their respective grand-
mean centered predictors, Bpj(xp). | calculated the predicted
effect of socia context on achievement of individual i in
class j when teacher emphasis on a strategy was average
(see Table 1, last column) using estimates of slope coeffi-
cients obtained from the Level 1 model, namely, 3 = Yoor
The Level 2 equations predicting changes in eac% slope
coefficient, p, associated with the individual effect of
teacher practice, q or the combined effects of using five
teacher practices, q were B = VYo T Y, (W) + Mg Or B
(" ypq(W) + Uy r&epectlvely I calcp?amed the S|ze of the
effect of an increase of 1 standard deviation increase in
teacher emphasis on either one individual practice or the
combination of five practices on class means by dividing
the difference in the predicted values of Bpj(Xp) obtained
from the Level 1 and Level 2 equations by the pooled with-
in-group standard deviation obtained from the within-class
HLM, a value assumed to be the same for all classes.
Results of this analysis are shown in Figures 3—7.

Figure 2. Effects of Teacher Practices on Average Achievement
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Results

Effects of Social Context on Achievement:
The Within-Class HLM

| used the within-class (Level 1) model to estimate indi-
vidual science achievement as alinear function of the mean
achievement of students in class j, gender, minority status,
and SES. The result of the within-class HLM, the details of
which are provided in Table 2, show that a significant
amount of the variability in student achievement was
explained by demographic status. Regardless of the average
achievement of the class, 10th-grade science achievement
was 0.48 standard deviations lower for girls than for boys
and 0.51 standard deviations lower for minority students
than for majority students. Predicted science achievement
was 0.30 standard deviations higher for every quartile
increase in SES.
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Figure 5. Effects of Emphasis on Further Study on Academic
Equity
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Figure 3. Effects of Social Context on Academic Equity
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Figure 6. Effects of Laboratory Emphasis on Academic Equity
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Figure 4. Effects of Greater Emphasison Interest in Academic
Equity
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Figure 7. Effects of Problem-Solving Emphasis on Academic
Equity
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Table 2—Results of Within-ClassHLM Analysis of Effects of Demographic Status on Science
Achievement
Fixed effect coefficient S tratio df p ES?
Class achievement 49.850 0.187 267.004 1,405 .000
Male 3.765 0.927 4.060 4,369 .000 0.484
Minority -3.992 0.901 —4.430 4,369 .000 -0.513
Socioeconomic status 2.335 0.197 11.881 4,369 .000 0.300
Minority x Male -0.063 1.567 —-0.040 4,369 .968 -0.008
Minority x SES -0.019 0.427 -0.045 4,369 .964 -0.002
Male x SES -0.305 0.319 -0.958 4,369 .339 -0.039
Minority x Male x SES -0.316 0.717 -0.441 4,369 .659 -0.041
Random effects” D Variance df Chi-square p
T U0 4.667 21777 1,405 3,119.5437 .000
02R 7.409 54.900
Note. Deviance = 4,100.19479; Deviance change from fully unconditional model = 77.96.
aThe effect size for a slope coefficient describing students' characteristics was equal to the value of the beta ((3) estimated by
the unconditional model (shown above),divided by the pooled within-groups standard deviation estimated by a model with no
predictors (SD = 7.776; model is not shown). The formula was ES = /7.776. "Preliminary hierarchical linear model analysis
indicated that random effects were not significant for slopes describing the effects of student characteristics on achievement.
The HLM was respecified as a random-intercept model, and slope coefficients were allowed to vary nonrandomly.

Examination of the random parts of the HLM (Table 2)
showed that even when differences in science achievement
that could be explained by class means and social context
were controlled, there was still significant variability in
achievement that could be explained by differences in the
instructional practices of teachers who taught those classes.

Effects of Teacher Practicesin Social Contexts:
The Between-Classes HLM

| used HLM to estimate the impact of teacher practices
in terms of value-added effects. Value-added indices
assess effects after controlling for demographic status.
Without the adjustment of class means to account for some
students being more or less advantaged than others, class-
es with higher concentrations of majority students of
above-average SES would have been more likely to have
higher average achievement scores regardless of how they
were taught. Using a value-added approach “leveled the
playing field” and allowed meaningful between-classes
comparisons.

Detailed results of the between-classes HLM analyses
are shown in Tables 3 and 4. The effect sizes are standard
deviation differences that represent the change in an inter-
cept or slope coefficient associated with a 1 standard devia-
tion increase in teacher emphasis on a given practice. The
effects associated with the intercept represent differencesin
mean achievement of a class associated with 1 standard
deviation more emphasis on a teacher practice. These dif-
ferences suggest how teacher practices can affect overall
achievement or excellence. Effects associated with slope
coefficients represent indirect influences or cross-level
interactions of teacher practices with demographic status.

These effects represent changes in the size and direction of
slope coefficients that occur in classes where the amount of
emphasis on ateacher practiceis 1 standard deviation above
average. Changes in slope coefficients suggest how teacher
practices might contribute to more equitable achievement
among students with different demographic profiles.

The trivial effect sizes of dope coefficients shown in
Tables 3 and 4 suggest that teacher practices have little
chance of influencing academic equity. However, further
analysis of these results suggested that the combined teacher
practices interact with social context in ways that are not
obvious from preliminary examination of this output.

Predicting Achievement Change

| used estimates of the intercept and slope coefficients
obtained from the within-class HLM to predict achievement
of individuals with distinct demographic profiles when
teacher emphasis on all instructional practices was average.
As shown in Table 1, predicted differences in science
achievement were more striking when demographic status
variables were viewed as contributing collectively to socia
contexts that influence learning. As predicted from the
intraclass correlation, students were more likely to be
enrolled in classes with students like themselves. For exam-
ple, classes that included minority girls had lower achieve-
ment, on average, than did classes without that population,
regardiess of SES. Further, social context had an effect on
achievement over and above that explained by mean class
differences. For example, science achievement of minority
girlsfrom disadvantaged families (SES Quartile 1) was 0.83
standard deviations lower than that for minority girls from
familiesin the highest SES quartile.
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Table 3.—Individual Direct and I ndirect Effects of Five Teacher Practices on Science Achievement

Interest in Further Problem Laboratory Scientific
Fixed effect science study solving techniques writing
Class achievement (y01)2 0.22 0.36 0.33 0.28 0.22
Male (y11)° 0.04 0.04 0.03 0.03 0.01
Minority (y21) -0.01 0.03 -0.05 0.05 -0.02
Socioeconomic status (y31) 0.01 0.00 -0.04 0.01 -0.03
Minority x Male (y41) -0.09 -0.10 -0.02 -0.06 0.00
Minority x SES (y51) -0.01 -0.04 0.08 -0.03 0.02
Male x SES (y61) -0.05 -0.02 -0.01 -0.03 0.00
Minority x Male x SES (y71) 0.09 0.08 -0.02 0.06 0.00
Random effect SD) D D D) D
Tuo 4.636 4.568 4.550 4.590 4.630
¢ 7.409 7.391 7.405 7.399 7.407

aThe effect size of ay coefficient predicting a random intercept was computed by dividing the gamma coefficient by the stan-
dard deviation of the intercept obtained from the within-class model. PThe effect size of ay coefficient describing the cross-level
interaction of ateacher practice with demographic status was calculated by dividing the value of the gamma (y) estimated by
the between-classes model by the standard deviation of the slope coefficient (). The standard deviation of anonrandomly vary-
ing B was equal to the standard error estimated by the within-class model times the square root of the sample size. The formu-
laused in this model was ES = y/[SEB * sgrt (1,406)].

Table 4—Combined Direct and Indirect Effects of Five Teacher Practices on Science Achievement

Variable ES Variable ES
Class achievement (y00) Minority x Male (y40)
Y01 Interest 0.01 v41 Interest -0.06
y02 Further study 0.24 y42 Further study -0.08
Y03 Problem solving 0.20 y43  Problem solving 0.04
y04  Laboratory techniques 011 y44  Laboratory techniques -0.06
Y05 Scientific writing 0.02 y45 Scientific writing 0.05
Male Minority x Socioeconomic Status (y50)
vll Interest 0.03 y51 Interest -0.03
y12 Further study 0.02 y52 Further study -0.05
y13 Problem solving 0.02 y53  Problem solving 0.13
yl4 Laboratory techniques 0.02 y54 Laboratory techniques -0.07
y15 Scientific writing -0.03 y55  Scientific writing 0.02
Minority (y20) Male x SES (y60)
y21 Interest 0.01 V61 Interest -0.05
y22 Further study 0.03 y62 Further study -0.01
y23 Problem solving -0.09 y63  Problem solving 0.01
y24 Laboratory techniques 0.10 y64 Laboratory techniques -0.04
y25 Scientific writing -0.03 y65  Scientific writing 0.02
SES (y30) Minority x Male x SES (y70)
Y31 Interest 0.04 Y71 Interest 0.08
y32 Further study 0.00 y72 Further study 0.06
y33 Problem solving -0.06 y73  Problem solving -0.09
Y34 Laboratory techniques 0.03 y74 Laboratory techniques 0.08
y35 Scientific writing -0.02 y75 Scientific writing -0.03
Random effect D Variance X2 df p
o 4.498 20.233 2,954.1404 1,400 .000
= 7.392 54.647

aThe effect size of a gamma coefficient predicting a random intercept was computed by dividing the gamma coefficient by the
standard deviation of the intercept obtained from the within-class model. PThe effect size of a gamma coefficient describing the
cross-level interaction of ateacher practice with demographic status was calculated by dividing the value of the gamma (y) esti-
mated by the between-classes model by the standard deviation of the slope coefficient (). The standard deviation of a nonran-
domly varying B was equal to the standard error estimated by the within-class model times the square root of the sample size.
The formula used in this model was ES = y/[SEB * sqrt (1,406)].
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Direct associations of teacher practices with average
achievement. The identified teacher practices were associat-
ed with higher science achievement of all students (Figure
2). On average, science achievement of a classincreased by
0.58 standard deviations for every 1 standard deviation
increase in the amount of emphasis that their teachers
placed on an inquiry approach that combined the following
five practices, namely, (@) eliciting student interest and
engagement, (b) using appropriate laboratory techniques,
(c) problem solving, (d) conducting further study, and (€)
scientific writing. The influences of inquiry-based teaching
practices also were significant when each practice was con-
sidered individually. When student demographic status was
controlled, the expected improvement in average achieve-
ment associated with a 1 standard deviation increase in
emphasis on student interest and engagement was 0.22 stan-
dard deviations; on appropriate laboratory techniques, 0.28
standard deviations; on problem solving, 0.33 standard
deviations; on further study, 0.36 standard deviations; and
on scientific writing, 0.22 standard deviations. This finding
provides empirical support for reforms recommended by
the National Science Education Standards. Inquiry-based
instructional practices are associated with academic excel-
lence, regardless of social context.

Interactions of teacher practices with demographic status.
Although the finding that the teacher practices described in
the previous paragraphs were associated with higher
achievement of all students was encouraging, it does not
support arguments claiming that differences in the way stu-
dents are taught will result in more equitable achievement
among the more and less advantaged students. Examination
of theinteractions of individual teacher practiceswith demo-
graphic status revealed differences suggesting that teacher
practices have greater influence in some social contexts than
in others, even among students in the same class.

The results described in the following paragraphs repre-
sent the indirect effects of teacher practices on science
achievement. That is, they describe the changesin the slope
coefficients that predict the direct effects of demographic
status on the science achievement of students within each
class (Figure 3) when teacher emphasis on a particular
instructional practice is 1 standard deviation more than
average. Positive effects indicate that students with a given
demographic profile have higher achievement than do com-
parable students in classes where teacher emphasis on the
relevant instructional practice is average.

Interpretation of the influence of teacher practices on
academic equity is more complicated than interpretation of
the effects of teacher practices on excellence because the
implications depend on risk status. Among students whose
achievement istraditionally high, positive effects can exac-
erbate academic gaps, particularly if the effects are less
beneficial for students at risk. Likewise, among students al-
ready at risk, negative effects suggest that the influence of
teacher practices will be associated with even lower
achievement.
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Emphasis on interest. The HLM analysis suggested that
teacher emphasis on interest in science influenced the three-
way interaction of SES, gender, and minority status on sci-
ence achievement (Figure 4). Compared with their female
counterparts in classes where teacher emphasis on student
interest was average, predicted science achievement was
0.17 standard deviations higher for mgjority girls and 0.07
standard deviations higher for minority girls, regardless of
SES. Thisfinding suggests that although emphasis on inter-
est in science can reduce some risks associated with gender,
it could increase gaps in achievement of mgjority and
minority girls. The effects of teacher practices on social
context were small for majority boys (0.04 standard devia-
tions). Emphasizing interest in science was associated with
less equitable achievement for minority boys, particularly
those from poor families. Compared with other minority
boys from families of the same SES, achievement of low-
SES and high-SES minority boys was —0.73 standard devi-
ations to —0.11 standard deviations lower, respectively, in
classes where teachers emphasized student interest.

Emphasis on further study. The HLM analysis reveaded
that emphasis on further study had a significant effect on the
two-way interaction of minority status and gender with
achievement. The effects of teacher emphasis on further
study were the same in most social contexts defined by
combinations of minority status and gender (approximately
0.21 standard deviations). Benefits associated with empha-
sizing further study were smaller for minority boys (0.08
standard deviations) than for other groups. This finding
demonstrates the complicated nature of the interaction of
teacher practices with social context. Emphasizing further
study was associated simultaneously with higher achieve-
ment for all girls but with an increase in the gap in achieve-
ment between majority and minority boys.

Teacher emphasis on further study significantly influ-
enced the effect of the three-way interaction of SES, minor-
ity status, and gender with science achievement. This inter-
action would have been overlooked in a model that
examined only main effects or two-way interactions, rather
than the collective interactive influences of three dimen-
sions of social context (Figure 5). Among students from the
most advantaged families (SES Quartile 4), risks associated
with demographic status were 0.38 standard deviations
lower for minority boys and 0.07 standard deviations lower
for minority girlsin classes where teachers emphasized fur-
ther study, compared with their counterparts in classes
where emphasis on further study was average. The effects
for high-SES minority students were offset by gains of
about 0.25 standard deviations for high-SES boys and girls.
Although &l high-SES students benefited from this instruc-
tional practice, the net effect for high-SES minority girls
was an increase in the achievement gap.

Among the poorest students (SES Quartile 1), the pattern
of influence observed for high-SES students was reversed.
In classes where teachers placed greater emphasis on fur-
ther study, risks associated with demographic status were
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0.28 standard deviations lower for minority girls, but slight-
ly higher (0.05 standard deviations) for minority boys. The
benefits for low-SES minority girls were somewhat offset
by gains of 0.09 and 0.15 standard deviations, respectively,
for low-SES boys and girls. However, emphasizing further
study was associated with greater academic inequities
among low-SES minority boys and other low-SES students.

Emphasis on laboratory techniques. On average, empha-
sizing appropriate laboratory techniques was associated
with more equitable patterns of achievement in social con-
texts defined by interactions of minority status and gender.
Advantages associated with being majority male or female
students were 0.15 standard deviations and 0.07 standard
deviations less, respectively. Among minority students, aca-
demic risks were reduced dlightly (0.02 standard deviations
and 0.05 standard deviations, respectively), compared with
similar students in classes where emphasis on laboratory
techniques was average. These small effects became more
suggestive when social context was defined in terms of
SES, aswell as gender and minority status. Among students
of the same SES, there were differences of as much as 0.37
standard deviations in the effects of this practice, depending
on the combined influences of gender and minority status.

As shown in Figure 6, there were significant differences
in the effect of emphasis on laboratory technique for minor-
ity students of different SES. Among low-SES minority stu-
dentsin classes where teacher emphasis on laboratory tech-
nigues was 1 standard deviation above average, risks
associated with being female were 0 .12 standard deviations
less, but risks associated with being male were dlightly
(0.07 standard deviations) higher. This trend was reversed
among high-SES minority students where risks associated
with being male were 0.20 standard deviations lower, but
risks associated with being female were 0.10 standards
deviations higher. Advantages associated with majority sta-
tus were less pronounced in classes where teacher emphasis
on laboratory techniques was 1 standard deviation above
average, particularly among low-SES boys.

Emphasis on scientific writing. Although emphasizing
scientific writing was associated with higher achievement
for all students, | found no indication that this teacher prac-
tice would contribute to more equitable science achieve-
ment in different social contexts. This finding is important
because many of the reforms aimed at raising standardized
test scores and narrowing achievement gaps focus on
improving students’ writing skills. Results suggest that such
an expectation is unjustified.

Emphasis on problem solving. As shown in Figure 7,
emphasizing problem solving was associated with more
equitable achievement among majority and minority stu-
dents of high SES, but with greater achievement gaps
among magjority and minority students of low SES. Among
high-SES students, advantages associated with being a
majority male or female were reduced dightly (0.05 stan-
dard deviations), and risks associated with minority status
were 0.20 standard deviations less in classes where teacher
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emphasis on problem solving was 1 standard deviation
higher than average. However, among low-SES students, a
slight decrease in advantages associated with majority sta-
tus (0.02 standard deviations) was accompanied by an
increase in risks associated with minority status of 0.16
standard deviations.

Discussion

The purpose of this study was to estimate the effects of
inquiry-based instructional practices on academic excel-
lence and equity. The associations presented in this cross-
sectional analysis are not evidence of causal associations,
but they can inform discussion about the effect of teacher
practices on achievement and equity. The results provide
empirical evidence to support theoretical claimsthat greater
emphasis on inquiry-based teaching is associated with high-
er science achievement overall. However, the effect of
inquiry-based teaching is sensitive to socia context differ-
ences, and these practices are as likely to exacerbate
achievement gaps among some groups of students as they
are to narrow them among others.

Theinstructional choicesthat teachers make do not affect
all students equally. Even within the same classroom, rela-
tionships of teacher practices with science achievement
may be influenced by the demographic profiles of the stu-
dents. Evaluation of the relative effects of teacher practices
in unique socia contexts helps to explain the persistence of
academic inequity, even when teachers adopt recommenda-
tions prescribed in the National Science Education Stan-
dards. The “payoff” of the instructional reforms may vary
significantly for individuals with different probabilities of
academic success.

The findings in this study have implications for teacher
training. There is no evidence that instructional reformis a
panacea for the national problem of low achievement, par-
ticularly among disadvantaged populations. The associa-
tions observed in this study, however, illustrate the impor-
tance of increasing teachers awareness of the need to
develop diverse instructional repertoires and the skills to
deliver them. Investments in classroom conditions that
facilitate multimodal methods of inquiry and accommodate
differences in individual learning styles and backgrounds
are most likely to pay dividendsin terms of academic excel-
lence and equity.
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