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Introduction and Purpose of the Study

Scientific literacy for dl sudents has been amgor educationd god in the United States
of America (American Association for the Advancement of Science, 1989, 1990; Nationa
Research Council, 1995). According to the National Research Council (1995), “an
undergtanding of science makesit possible to discuss scientific issues that affect society, to use
scientific knowledge and processes in making persona decisions, and to share in the excitement
of scientific discovery and comprehenson” (. ix). Often, this understlanding of science has
proven to be very dusive for Hispanic English language learners in the United States. It has been
dtated by the American Association for the Advancement of Science (1990), that to neglect the
science education of studentsis to deprive them of a basic education, handicap them for life,
and deprive the nation of talented workers and informed citizens. The neglect of science
education for Hispanic English language learners today appears to be most prevaent in the
classrooms of America (American Association for the Advancement of Science, 1989, 1990;

Nationa Research Council, 1995).



In mogt classrooms in the United States, the English language is used as the medium of
ingruction for science. Therefore, one of the objectives of this research study was to examine
the effects of English language proficiency on the acquisition of science content knowledge by
Hispanic English language learners. The theoreticd foundation to investigate this factor was
Cummins (1981, 1986, 1991) work on cognitive academic language proficiency, which relates
both cognitive and linguistic processes to the academic success of students, more specificaly
non-native English language learners. According to Cummins (1980), there are two levels of
language proficiency: the basc interpersona communicative skills (BICS) and the cognitive-
academic language proficiency (CALP). The basic interpersonal communicative skills (BICS)
concept represents  the language of naturd, informa conversation. Basic interpersond
communicative skills (BICS) are used by students when taking about everyday things in
concrete dtuations, that is, dtuaions in which the context provides cues tha make
underganding not totally dependent on verbd interaction done (Cummins, 1980, 1992,
Skutnabb-Kangus, 1981). Cummins (1980) refers to this everyday conversationd ability as
context embedded or contextuaized. It has been found by Cummins (1980, 1992) and more
recently by Rosentha (1996) that in context embedded or contextualized communication, the
conversation deds with familiar events or matters that require that the speskers react and
respond to each other. However, according to Cummins (1980, 1981), Krashen and Biber
(1987), Rosenthal (1996) and Spurlin (1995), CALP isthe type of language proficiency needed

to read textbooks, to participate in didogue and debate, and to provide written responses to



tests. Students who have not yet developed their cognitive-academic language proficiency
(CALP) could be, according to these researchers, at a disadvantage in learning science or other
academic subject matter.

A second objective of this sudy was to investigate the effects of scientific reasoning
skills on the acquigtion of science content knowledge by Hispanic English language learners and
native English language spesking students participating in Grade 10 science classes. To examine
this factor, the researchers drew on the work of Lawson, McElrath, Burton, James, Doyle,
Woodward, Kellerman, and Snyder (1991) on levels of scientific reasoning sKills, which
indicates that formal reasoning, is a prerequisite for most high school science courses. Lawson
et d. (1991) hypothesized that the use of a generd pattern of forma reasoning is necessary for
the acquisition of new science concepts. During the forma operationd stage, students acquire
sdentific thinking with its hypothetico-deductive reasoning and logica reasoning with its
interpropositiond reasoning (Flavel, Miller & Miller, 1993). It is commonly understood that at
the level of formd operations, thinking reaches its highest degree of equilibrium (Anderson,
1980; Inhelder & Piaget, 1958; Piaget, 1964). This means, according to Piaget, that the various
operdions are tightly interrelated and that they gpply to the widest possible field of application,
that is, the redm of hypothetical possibilities. Lawson et d. (1991) tested the hypothesis that the
acquistion of domain-specific conceptua knowledge (declarative knowledge) requires use of
generd procedura knowledge. Lawson et d. hypothesized that the use of a generd pattern of
hypothetico-deductive reasoning is necessary for the acquistion of novel domain-specific
concepts. The hypothesis was tested using high school native English language speaking students

taking biology, chemigtry and physics courses. This work enabled Lawson et a. to categorize



students based on their responses on various reasoning tasks, as intuitive thinkers (i.e., having
empirico-deductive reasoning), trangtiond thinkers (i.e., scoring somewhere between intuitive
and reflective thinking) or reflective thinkers (i.e., having hypothetico- deductive reasoning skills).
This sudy followed Lawson's et d. raionade and used thelr terminology; intuitive, trangtiond,
and reflective thinkers, rather than Piaget’s terms of concrete and forma operationd thinking to
classfy the sudents scientific reasoning skills on standardized science tedts.

Notwithstanding the work of Cummins and Lawson et d., the researchers found
relatively few sudies (e.g., August & Hakuta, 1997; Chi, de Leeuw, Chiu, & La Vancher,
1994; Cocking & Chipman, 1988; Cocking & Mestre, 1988) examining the effects of both
English language proficiency and scientific reasoning skills on the learning of science content
knowledge of Hispanic English language learners. Both past research and theory (Cummins,
1980, 1981; Lawson, 1978, 1981; Lawson et a., 1991) suggested that English language
proficiency and levels of scientific reasoning skills could affect or are prerequiste for the
acquistion of science content knowledge. Accordingly, the researchers choose to further
investigate and delinegte this presupposition. The following research questions were investigated:
1) What are the effects of English language proficiency and levels of scientific reasoning skills on
the acquigition of science content knowledge of Hispanic English language learners participating
in Grade 10 science classes? 2) Do English language proficiency and scientific reasoning skills
interact to influence the acquistion of science content knowledge by Higpanic English language

learners and native English language spesking students participating in Grade 10 science



classes?
Rationde and Theoretica Framework of the Study

Hispanic English language learners and High School Science

This study examined the effects of two variables, English language proficiency and levels
of scientific reasoning skills of Hispanic English language learners and native English language
peaking students, on their acquidtion of science content knowledge. Examining these variables
using students taking Grade 10 earth science, biology and chemistry classes was appropriate
and reevant, for a this age, sudents display a variety of reasoning abilities but are often cdled
upon to learn concepts which require the use of forma reasoning skills (Anderson, 1991,
Havdl, Miller & Miller, 1993; Karplus, Adi, & Lawson, 1980; Lawson, 1990; Piaget, 1970a,
1970b; Zeidler, 1985). According to Zeidler (1985), “There is evidence which suggests that
individuds have the aility to use their forma reasoning skills somewhat more consstently et the
tenth grade leve than earlier grades in which students are gpt to be trangtiona” (p. 462). Piaget
(19708, 1970b, 1985) documented that the process of scientific reasoning becomes formd
operationa during adolescence.

Prior to the 1960's the United States of America system of education focused mostly
on the needs of natlive English language spesking students. Since then, a large number of
Hispanic English language learners have etered the United States of America school
classrooms. At one point, these Higpanic English language learners were expected to “sink or
svim” in a school system that paid little attention to their linguistic or culturd background
(Nationd Research Council, 1997; Rosenthd, 1996). Today, there are a variety of educationa

goproaches (English as a Second Language, Content-based ESL, Sheltered ingtruction,



Structured immersion, Trandtiond Bilingual Education, Maintenance bilingua education, Two-
way bilingud programs) amed a meeting the linguistic and culturd needs of Hispanic English
language learners. These educationd approaches have been put in place to help these students
develop their proficiency in English and learn content knowledge, skills and attitudes in
compliance with loca and/or gate curriculum frameworks. A number of studies (August &
Hakuta, 1997; Fitzgerdd, 1995) have been conducted in the areas of language acquisition,
cognitive development and ingructiond gpproaches for Hispanic English language learners.
These dudies clam tha in spite of the effectiveness or lack of effectiveness of these
gpproaches, Hispanic English language learners continue to show poor academic achievement in
content areas such as science and mathematics.

According to the Nationd Research Council (1997), research studies have not
empiricaly addressed the need for Hispanic English language learners to develop a rdatively
high degree of English language proficiency in order to understand and learn science concepts.
Traditionaly the approaches used in educating Hispanic English language learners have been
consdered as dmogt entirdy language-based through trandtiond bilingua education programs.
The man objective of these trangtiond bilingud education programs is to prepare English
language learners to succeed academicdly in standard curriculum classes taught in English. In
fact, as reported by the Nationd Research Council (1997), much of the current educationa
research on English language learners has focused on language acquigtion issues. While this has

been the trend, the Nationa Research Council (1997), has acknowledged and recommended



that action be taken to conduct research in the area of learning and understanding content
knowledge in a second language.

English language proficiency is presumed to be one important contributor to the
unexplained variance of the differences in academic achievement between Hispanic English
language learners and native English language spesking students (Cande, 1981; Cummins,
1981, 1991). Data from other studies (Anderson & Anderson, 1970; August & Hakuta, 1997;
Baral, 1979; Brown, 1973; Cande, 1981; Carrasquillo & Rodriguez, 1996; Connor & Kaplan,
1987; Cummins, 1981, 1991; Krashen, 1976, 1986; Oller, 1980) have shown ardationship
between English reading and writing and academic achievement. However, very few sudies,
with the exception of those conducted by Aiken (1971a, 1971b), Bard (1979), Bender and
Ruiz (1974), Cocking and Chipman (1988), Cottrell (1968), Goodrum (1978), have attempted
to investigate the rdationship or effects of English language proficiency on the acquidtion of
science content knowledge. Rather, what these studies have examined is the rdationship
between achievement in domain specific concepts such as mathematics and verbd ability in the

genera population.



English language proficiency

Language is an integra part of culture, and the words that we have and how we use
them reflect our vaues and bdlief system (Rosentha, 1996). The native language we speak and
use is determined by the culture in which we are raised and schooled (Connor & Kaplan, 1987;
Damen, 1987; Richard-Amato & Snow, 1992; Rosentha, 1996). Various educational
researchers (Krashen, 1976, 1981, 1982; Krashen, Long & Scarcdla, 1979) suggest that there
is adigtinction between unconscious language acquisition and conscious language learning. For
Krashen et d. the native language proficiency, which everyone develops, is an example of
unconscious language acquigtion.

Krashen et d. (1979) furthermore, claimed that studying a second language taught by
teachers, usng textbooks, taking formal classes and learning the rules, vocabulary, grammar,
and idioms of the second language, is an example of conscious language learning. Educationd
and linguistic theorists (Cummins, 1980; Krashen, 1976, 1981, 1982; & Krashen et d., 1979)
suggest that in the case of Higpanic English language learners, these students may become quite
proficient in the grammar, vocabulary and sentence structure of the English language, but may
lack the necessary cognitive academic language proficiency to learn the subject matter that is
presented to them in science classrooms. In other words, these students may be proficient in
ther English communication skills but may not have the cognitive academic language proficiency
(CALP) required for learning science or other academic subject matter.

The cognitive-academic language proficiency (CALP) concept, is related to literacy



kills in the firgt or second language and according to Cummins, requires both higher leves of
language and cognitive processes in order to develop the language proficiency needed for
success and achievement in school. Cummins (1982), Chamot and O’ Malley (1986) and Shuy
(1978, 1981), have conceptudized the rdationship of language proficiency and academic
achievement by using an iceberg representation (See Figure 1 below). In this representation,
basc interpersond communications skills (BICS), or sKills, which depend on the surface
features of language and lower levels of cognitive processes, are represented above the
waterline while the cognitive-academic language proficiency (CALP) or sKills related to the
meaning of language and higher level of cognitive processes are represented below the

waterline.
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Figure 1. Surface and deeper levels of language proficiency

Adapted from: Rosenthal, JW. (1996). Teaching Science to Language Minority Sudents
p.48. Multilingual Matters LTD with permission from the publisher Taylor & Francis.



Cummins (1981) contends that dl children develop basc interpersond communicative
sills (BICS) and learn to communicate in ther ndive or firs language and that cognitive-
academic bnguage proficiency (CALP) reflects a combination of language proficiency and
cognitive processes that determines a student’ s success in school.

Contextua support and Cognitive Processes for learning Science

According to Cummins (1980, 1981), Krashen and Biber (1987), Rosentha (1996),
and Spurlin (1995), CALP is the type of language proficiency needed to read textbooks, to
participate in didogue and debate, and to respond to in writing tests. Cognitive academic
language proficiency (CALP) enables the student to learn in a context, which relies heavily on
ord explanation of abgract or decontextuaized ideas. This is often the context in which high
school science istaught, with unfamiliar events or topics being described to students with little or
no opportunity to negotiate shared meaning (Rosenthal, 1996). According to Chamot and
O'Mdley (1986), Cummins (1982) and Rosenthd (1996), students who have not yet
developed ther cognitive academic language proficiency (CALP) will be a a disadvantage in
such settings.

Spurlin (1995) adapted Cummins modd, to explain in part, the academic performance

in science of Hispanic English language learners (See Figure 2 below).
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Figure 2. Range of contextual support and degree of cognitive demand

Adapted from: Spurlin, Q. (1995). Making Science Comprehensible for Language Minority Students.
Vol. 6 (2), pp. 71-78. Journal of Science Teacher Education.

The horizontal continuum dedls with the degree d contextud support available for
meaning making and ranges from context embedded to context reduced. Context-embedded
communication occurs when language is supported by meaningful concrete, visud cues, and
when students and teachers together can negotiate meaning for example, by means of feedback
or any other form of communication (Spurlin, 1995). At the other end of the continuum is the
context- reduced communication, which depends on linguistic cues for meaning.

The verticd continuum dedls with at the top, the tasks or activities in which students
have mastered the language necessary to perform them. These tasks or activities are considered

to be cognitivdy undemanding. Thebottom of the continuum, on the other hand,



represents activities that are cognitively demanding, because they require language skills thet
have not been mastered (Spurlin, 1995).

In schools, the language used in science lessons is often context reduced or
decontextualized. In other words, the events or topics being described to the student are
unfamiliar and there is little or no opportunity to negotiate shared meaning (Rosenthd, 1996).
Presenting a new scientific concept to a high school student according to Rosenthd is an
example of context reduced language because the information presented may be abstract and
unrelated to the students everyday activities or life experience.

Lawson et d. (1989, 1991) on the other hand, suggested that the acquisition of
declarative knowledge “is very much a congructive process which makes ether implicit or
explicit use of the procedurd knowledge® (p. 27). Although both declarative and procedurd
forms of knowledge can coexist Sde by Sde, it is procedurd not declarative knowledge that
governs the skilled performance and is of centrd importance in science and in crestive and
critical thinking (Anderson, 1993; Burmester, 1952; Lawson et d., 1989). For Lawson et d.
(1991), “the acquistion of domain-specific conceptuad knowledge that is, declarative
knowledge, requires the use of genera procedural knowledge’ (p. 968). More specificaly,
Lawson e d. (1991) hypothesized that use of a generd pattern of some form of formd
reasoning (i.e., hypothetico-deductive) is necessary for the acquigtion of novel domain specific
concepts. Lawson et d. (1991) tested this hypothesis on over 300 high school students

participating in biology, chemistry and physics classes.



After determining whether the students were skilled in the use of hypothetico-deductive
reasoning, Lawson et d. (1991) classfied the sudents as intuitive, trandtiond, or reflective
thinkers.

The integration of both Cummins theoretica framework and Lawson et a. research
dudies, therefore, provided the researchers with an excellent groundwork to examine the
potentid effects of the linguitics proficiency and cognitive reasoning skills of Higpanic English
language learners and native English language spesking students during their acquigtion of
science content knowledge.

Design and Methodology

Despite the vast number of studies on factors influencing the academic performance of
ethnic and linguigtic minority students, investigation of the effects of two very important factors,
English language proficiency and scientific reasoning skills, on the acquigtion of science content
knowledge of Higpanic English language learners is a rddively neglected research area. This
research study examined these two factors, English language proficiency and scientific reasoning
skills, and provides some empirica evidence for addressing the following questions and their
respective hypotheses:

Research Questions and Hypotheses

What are the effects of English language proficiency and levels of scientific reasoning

skills on the acquisition of science content knowledge by Hispanic English language learners

participating in Grade 10 science classes?



Hypotheses

H1A,: High school Higpanic English language learnersin Grade 10 dassified, as having
low English language proficiency will score the same on a atewide-standardized science test as
high school Higpanic English language learmnersin Grade 10 dassfied as having high English
language proficiency.

H1B,: High school Higpanic English language learners in Grade 10 cdassfied as
possessing intuitive reasoning skills will score the same on a statewide- standardized science test
as high school Hispanic English language learners in Grade 10 classified as possessing reflective
reasoning kills,

H2A,: There will be no interaction between English language proficiency and scientific
reasoning skills that will influence the academic performance of students (i.e., Hispanic English
language learners and native English language spesking students) on a statewide- standardized
science test.

Location, Population and Sample

The subject pool identified for the study conssted of 380 students from a high school
located in an urban city in the northeastern part of the United States. These students were
Hispanic English language learners and native English language spesking students erdlled in
tenth grade earth science, biology and chemistry classes. The actuad number of subjects (N =
158) for this sudy is the baance of students remaining after dl of the criteria for the data
collection were met. The criteria for the data collection conssted of the subjects meeting the

research sudy requirements for English language proficiency, sudents native language (i.e.



English or Spanish), sudents  reasoning skill levels, and the students science achievement or
scoresin a Statewide- standardized science and technology test.

The city has experienced sgnificant population changes in the last 10 years, growing
from a total population of 63,000 to approximately 70,000 (U.S. Census, 1990). In the city,
Hispanics have become the mgority of the new immigrants. At the time of this study, about
77% of the student population in the public school system were classfied as Hispanics from
ether the Dominican Republic or Puerto Rico or other South and Centrd American countries.
A large percentage of the Higpanic students are taught through specid English language
programs or receive continuing English support in aspecid trangtiond bilingua education.

Procedures and Instrumentation

An ex post facto research sudy design was utilized to invedigate the effects of English
language proficiency and levels of scientific reasoning skills on the acquisition of science content
knowledge of the group of Hispanic English language learners and native English language
gpeaking students in Grade 10. Once the language assessment and scientific reasoning skills
tests were administered to the students, they were categorized in groups that were known to
differ on the following characteridtics, English language proficiency, scientific reasoning skills and
native language. The study was conducted in four phases over a period of gpproximately 12

weeks as described below.



Phase|

The firg phase of the sudy involved the identification of agroup of Hispanic English
language learners and native English language speaking students enrolled in tenth grade earth
science, biology and chemigtry classes. Prior to beginning the data collection process, some
information (i.e., student ID number, gender, birth date and place, grade level and student home
language) was gathered for dl the students participating in the study. Based on some of these
data, the researchers classfied the students as belonging to one of two groups: Hispanic English
language learners or native English language spesking students.
Phasell

The language proficiency of the students was measured through the use of the Test of
English as a Foreign Language (TOEFL) ingrument. The English language proficiency variable
was composed of three levels (i.e, low, intermediate, or high). The students were dassfied in
ether one of these levels as determined by their scores in the TOEFL test. The Educationd
Tedting Service (ETS) developed the TOEFL insrument. The test is composed entirely of
multiple-choice questions with four possible answvers per question (ETS, 1995). There are three
sections in the test, each measuring a critical skill in the use of English. These three sections are:
Listening comprehension, Structure and written expression and Reading comprehension.
Phaselll

During the third phase of the study, a classsoom test of scientific reasoning skills
(Lawson, 1978; Lawson, Abraham & Renner, 1989; Lawson, 1990) was administered to both
the group of Higpanic English language learners and native English language speeking students

participating in tenth grade earth science, biology and chemistry classes. The classroom test of



scientific reasoning conssted of 12 items and involved the testing of students in various tasks
ranging from the conservation of weight, volume displacement, control of varigbles,
propostiond reasoning, probabiligtic reasoning, to the combinatorid and correlaionda
reesoning. The test is desgned in a “two-dage’ multiple-choice format using diagrams to
illugtrate problem contexts (Lawson, 1978).

Based on the students responses on the tasks in the Lawson test, Hispanic English
language learners and native English language spesking students scoring from G-3 on the test
were categorized as intuitive thinkers while students scoring from 47 were categorized as
transitional. Students scoring from 8-12 in the test were categorized as reflective thinkers. The
classroom test of scientific reasoning instrument has been proven to be capable of measuring
concrete and forma operationd reasoning of secondary school and college students (Lawson,
1978). The instrument was designed with a large number and variety of problems to assure a
high degree of rdiability. The test rdiability was reported to be 0.78.

The classroom test of scientific reasoning was dso trandated into Spanish. A pand of
two experienced high school teachers and one universty professor representing the ethnic
groups of the sudents in the study was used to verify the face vaidity of the Spanish trandated
verson of thistest. Once the face vaidity was verified, the test was administered to the Hispanic
English language learners participating in the sudy whose score in the TOEFL test were low or
intermediate and whose home spoken language was Spanish. By using this Spanish verson of

the classroom test of scientific reasoning, the researchers sought to examine the levels of



scientific reasoning sKkills of the sudents in their native or primary language, Spanish. Once this
determination was accomplished, the researchers proceeded to investigate the effects, if any, of
the levels of scientific reasoning skills of these students on thelr acquidition of science content
knowledge.
Phase |V

To examine each student’ s ability to acquire science content knowledge, this study
employed the 1999 Grade 10 Massachusetts Comprehensive Assessment System (MCAS), a
statewide-standardized science and technology test. The Grade 10 standardized science test is
designed to measure the performance of students on the science and technology academic
learning standards contained in the State’ s Curriculum Frameworks. The student test booklets
included three separate science and technology test sessions with atotd of thirty-Sx (36)
multiple choice and six (6) open response questions. The questionsin the Grade 10 MCAS
science and technology test included materid from the areas of : pogition and motion of objects,
Structure of matter, Ecosystems, interactions of substances, solar system and universe, Earth’'s
processes, heredity and evolution, characteristics of organisms, energy and andysisand
interaction of data.

Andyss of Dataand Results

A 3 x 3 x 2 between-subjects factoriad design was employed to evauate the hypotheses
in this study (Keppd, 1991; Myers & Waell, 1995; Sheskin, 1997). The factorid design was
employed to evaluate smultaneoudy the effect of the three independent variables (i.e.,, English
language proficiency, scientific reasoning, and language learners) on the dependent variable (i.e,

scientific content knowledge). The English language proficiency comprised three levels (i.e. low,



intermediate, or high), as did the scientific reasoning varidble (i.e, intuitive, trangtiond, or
reflective). The language learner’ s variable comprised two levels (i.e,, Hispanic English language
learners or native English language spesking students). The scientific content knowledge variable
was a scde variable, reflecting the test scores of the students on the Grade 10 standardized
science test. A three-way analyss of variance (ANOVA) for this factorid design dlowed the
researchers not only to evauate whether of not there was a three-way interaction (px r x 1)
among the three independent variables on the scientific achievement of high school Hispanic
English language learners and native English language spesking students, but aso to andyze the
three subsumed two-way interactions (i.e, px r, px |, and r x I) and the three main effects (i.e,
p, r,l).

Descriptive data and frequency histograms for the independent variables (i.e,, English
language proficiency, Scientific reasoning skill levels, and Language learners) and the dependent
variable (i.e.,, scores on the MCAS science and technology test) are shown in Figures 3.1a,

3.1b, 3.23, 3.2b, 3.3aand 3.3b respectively.



English Language Proficiency

Categories Frequency

low 30
intermediate 62
high 66
Total 158
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Figures 3.1aand 3.1bx Frequency didtribution for English language proficiency levels as

measured by TOEFL (N=158)



Scientific Reasoning Levels

Categories Frequency

intuitive 81
transitional 64
reflective 13
Total 158

100

20

Intuitive Transitional Reflective

Scientific Reasoning Skill Levels

Figures 3.2aand 3.2b: Fregquency digtribution for Scientific reasoning skill levels as measured
by Lawson’'s insrument (N=158)




Language Learners

Categories Frequency
Hispanic English
language learner 134
Native English language o
speaking student
Total 158
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Figures 3.3aand 3.3b: Frequency distribution for Language learner categories (N=158)




For the 3x 3 x 2 ANOVA, the researchers first tested the interaction between al of the
vaiables. The reaults of the 3-way andyss of variance are shown in Table 1 below. The results
of the 3-way analys's of variance showed no sgnificant 3-way interaction between the variables
in the study. Table 1, shows an F ratio of 1.160 and a Sgnificance of .283 for the interaction of
English language proficiency, levels of reasoning skills, and language learners with regard to the

sudents performance on the standardized science test.



Tablel

3-way Analydsof Variance (N=158)

Dependent Variable MCASRAW

Type lll Sum
Source of Squares df Mean Square F Sg.
Corrected Mode 4817.0722 13 370.544 | 13.896 .000
Intercept 12962.437 1 12962.437 | 486.120 .000
PROFIECI 139.889 2 69.944 2.623 .076
REASONER 573.443 2 286.722 | 10.753 .000
LANLEARN 2.662 1 2.662 .100 752
PROFIECI * REASONER 359.168 3 119.723 4.490 .005
PROFIECI * LANLEARN 59.794 2 29.897 1.121 .329
REASONER * LANLEARN 45.710 2 22.855 857 427
EEEEIEEAC\:II?; REASONER™ 30.936 1 30.936 1.160 .283
Error 3839.770 144 26.665
Totd 78545.000 158
Corrected Total 8656.842 157

a. R Sguared = .556 (Adjusted R Squared = .516)

Subsequent to the andlysis of the 3-way interaction, the researchers examined the next
order of interactions that is, the three 2-way interactions. Asshown in Table 1, only one 2-way
interaction was determined to be significant (i.e., English language proficiency x reasoning skill).
Specificdly, Table 1 showsan F ratio of 4.490 with a Sgnificance leved (Sig) of .005 for the
interaction between English language proficiency and reasoning skills. The other 2-way
interactions (i.e., English language proficiency x Language Learner or Scientific reasoning skills
x Language Learner) showed no significance at the .05 dpha levels.

The lack of a sgnificant 3way interaction means that the results of the present study

can be safely interpreted by considering the three independent variables two & atime, rather



than all three smultaneoudy (Keppd, 1991). Therefore, for the present study, the 3-way design
was collapsed into less complex 2way designs for andlyss and interpretive purposes. At this
point, the researchers assessed the three 2-way interactions and sSince the interaction of English
language proficiency and scientific reasoning kills variables was the only one found to be
sgnificant, the researchers proceeded to examine the smple effects of one of the variables, with
the other held consgtant. In addition, because the other 2-way interactions (i.e,, English language
proficiency x Language Learner or Scientific reasoning skills x Language Learner) were found
not to be dgnificant, the researchers proceeded to examine the main effects of the two
independent variables.

Andyzing the Smple Effects

As noted previoudy, a 2-way interaction (i.e.,, English language proficiency x Scentific
reasoning skills) meant that the smple effects of one of the variables depended on the levels of
the other variables. Thus, because the interaction of these two variables was the only one found
to be sgnificant, the researchers proceeded to evauate the sgnificance of the smple effects. If
the English languege proficiency variable had been found to be significant, the researchers would
have proceeded to examine the various Smple comparisons rdevant to this manipulaion. As
Table 1 indicated, the English language proficiency varigble did not quite meet the sgnificance

(Sg. =.076) threshold at the .05 dphalevels.



Andyzing the Man Effects

Since the 3way interaction was found not to be sgnificant, the researchers interest
focused on the lower order effects. As noted aready, the researchers interest shifted to the
only 2way interaction (i.e, English language proficiency x Scientific reasoning skills) found to
be sgnificant. The presence of this interaction however, crested some difficulties for interpreting
dther man effect of the two interacting variables. Nevertheless, the researchers andyzed and
safely interpreted the non-interacting main effect. In examining the main effect for the three
individud variables as shown in Table 1, only one variable (i.e, reasoning skills) was deemed to
be sgnificant a the .05 dphalevels. Specificdly, Table 1 reveds an F ratio of 10.753 with a
ggnificance leve (Sg) of .000 for reasoning skills. Although the sgnificance levd (Sg) of .076
for English language proficiency does not quite meet the desired dpha levd of .05, it suggests
though, that English language proficiency may, in fact, contribute significantly to learning science
subject matter. Therefore, it is safe to assart that the sgnificant interaction of English language
proficiency and scientific reasoning skills varigbles dso suggest tha the main effect of the
language learner variable could be interpreted unambiguoudy. In other words, the language
learner varigble did not have a Sgnificant main effect (see Table 1) nor was it involved in any of
the 2-way interactions.

As shownin Table 1, the language learner varidble was found not to play a sgnificant
role & any levd in the 3-way andyss of variance. Specificaly, the language learner varidble did
not have asgnificant main effect, it was not involved in any sgnificant 2-way interaction, nor did
it contribute to a ggnificant 3-way interaction. It isasif this variabdle did not exigt in this study.

Consequently, the language learner varidble was diminated from further andyss. The 2-way



ANOVA thus, induded only English language proficiency and reasoning skills as the two
remaning varigbles for the andyss. The results of the 2way ANOVA are presented in the
following section.

It isimportant to point out however that, had there been a significant 3-way interaction,
any conclusion(s) regarding the 2way interactions and the main effects was to be treated as
inconclusive by the presence of the higher order interaction (Keppd, 1991). However, as
indicated previoudy since the 3way interaction for the present sudy was found not to be
sgnificant, the researchers considered the 2-way interactions directly without ambiguity. Hence,
with a non-ggnificant 3way interaction, the design as noted earlier, for al practica purposes,
became a 2-factor design.

Reaults of the 2-way Fectoria Andysis of Variance (ANOVA)

The categories and descriptive Satidtics for English language proficiency and reasoning
kill levels for dl the subjects in the sample (i.e, Higpanic English language learners and native
English language speaking students) used for the 2-way analysis of variance are shown in Tables
2 and 3 below. Table 2 shows the number of students in various categories of English language
proficiency and reasoning skills. For English language proficiency, thirty (30) students were
categorized as having low English language proficiency, sixty-two (62) as having intermediate
and sixty-9x (66) as having high proficiency. For the reasoning skills variable, eighty-one (81)
students were dassfied as having intuitive reasoning skills while sixty-four (64) and thirteen (13)

were categorized as having trangtiond or reflective reasoning skills, respectively.



Table?2

Categories and Sample szes for English language proficiency and reasoning <kill leves

for al the subjects (N = 158)

Categories N
Language 1 low 30
Proficiency 2 intermediat 62
3 high 66
Reasoning 1 intuitive 81
Levels 2 transitional 64
3 reflective 13

Table 3 below, shows the total number of subjects in the sample to be 158 (N = 158).
The firg row in Table 3 shows the total average score on the standardized science test for
students dassfied as having low English language proficiency to be 14.97. In the second row,
the totd average score on the standardized science test for students classfied as having
intermediate English language proficiency is shown to be 18.15. The tota average score on the
standardized science test for students dassfied as having high English language proficiency is

shown to be 26.50 (see Table 3).



Table3

Destriptive gatigics for English lanquage proficiency and Reasoning skill levels for

Language Learners (N = 158)

Dependent Variable: MCASRAW

Language Proficienc Reasoning Level: Mean Std. Deviation N
low intuitive 15.12 3.09 26
transitional 14.00 10.13 4
Total 14.97 4.36 30
intermediate intuitive 17.33 524 43
transitional 19.06 5.33 18
reflective 37.00 . 1
Total 18.15 5.77 62
high intuitive 20.58 5.68 12
transitional 26.86 5.06 42
reflective 31.17 5.94 12
Total 26.50 6.18 66
Total intuitive 17.10 4.99 81
transitional 23.86 6.93 64
reflective 31.62 591 13
Total 21.03 7.43 158

The firgt row in Table 3 dso shows that the average score on the standardized science
test for sudents classfied as having low English language proficiency and intuitive reasoning
skills was better (mean = 15.12) than for the students classified as having low English language
proficiency and trangitiona reasoning skills (mean = 14.00).

The second row in Table 3 shows the average score on the standardized science test



for the students classfied as having intermediate English language proficiency and intuitive
reasoning skills to be 17.33. The data shows that students with intermediate English language
proficiency and transitiona reasoning skills scored better (mean = 19.06) on the standardized
science test than those students classfied as having intermediate English language proficiency
and intuitive reasoning skills (mean = 17.33). Also in the second row of Table 3, students
cassfied as having intermediate English language proficiency and reflective reasoning skills
scored better (mean = 37.00) on the standardized science test than those students classfied as
having intermediate English language proficiency and dther intuitive or trandtiona reasoning
ills

In the third row of Table 3, the average score on the standardized science test for
students classified as having hgh English language proficiency and intuitive reasoning kills are
shown to be 20.58. Table 3 aso shows the average scores on the standardized science test for
dudents dassfied as having high English language proficency and trangtiond or reflective
reasoning skillsto be 26.86 and 31.17, respectively.

Fndly, Table 3 shows the tota average scores on the standardized science test for
sudents classfied as having intuitive reasoning skills (totd mean = 17.10), students classfied as
having tramgtiond reasoning <kills (totd mean = 23.86) and students classfied as having
reflective reasoning skills (total mean = 31.62). The data clearly shows that students classified
as having high English language proficiency and trangtiona (mean = 26.86) or reflective
reasoning skills (mean = 31.17) scored better on the standardized science test than students

classfied as having low English language proficiency and intuitive reasoning skills (meen =



20.58). The 2way interaction was examined further by conducting an andyss of variance
(ANOVA).

The results of the andlysis of variance (ANOVA) are shown in Table 4 below. Table 4
shows a ratio of means squares (F) of 3.865 and a sgnificance leve (Sg) of .011 or lessthan
05 for the firg-order interaction of the English language proficiency and reasoning skills
variables. The ANOVA clearly showed an interaction between these two independent variables
with regard to the students performance on the standardized science test.

Table4

2-Way Andyss of Variance (ANOVA)

Dependent Variable: MCASRAW

Typelll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 4684.0752 7 669.154 25.265 .000
I ntercept 16129.180 1 16129.180 608.990 .000
PROFIECI 506.097 2 253.049 9554 .000
REASONER 701.232 2 350.616 13.238 .000
PROFIECI * REASONER 307.128 3 102.376 3.865 011
Error 3972.766 150 26485
Total 78545.000 158
Corrected Tota 8656.842 157

a R Squared = .541 (Adjusted R Squared = .520)

An examingtion of the man effects of the two variables (i.e, English language
proficiency and scientific reasoning <kills) dso reveded that each variable individualy

contributed dgnificantly to the sudents peformance on the standardized science test.



Specificdly, for English language proficiency Table 4 shows an F ratio of 9.554 with a
ggnificance levd (Sg) of .000; and, an F ratio of 13.238 with asgnificance levd (Sg) of .000
shown for reasoning skills. While the results of the 3-way ANOVA only suggested that English
language proficiency might have sgnificantly contributed to the students performance on the
dandardized science test, this 2-way ANOVA definitdy highlighted English language
proficiency as a Sgnificant contributor to the students performance on the standardized science
test.

In addition, it is noted that the essentidly equa adjusted R-squared vaues for the two
andyses of variance (see notesin Tables 1 and 4) indicated that both the three-variable modedl
and the two-variable modd accounted for the same amount of variance. However, the principle
of pasmony would prefer the two-variable modd over the three-variable modd; thus,
supporting the dimination of the third varigdble (i.e., language learner) and the collgpsing of the 3-

way ANOVA into the 2-way ANOVA.

Reaults of the Statistical Tests of Hypotheses

The hypotheses developed and examined for this study are related to either Cummins
theoretical framework on cognitive academic language proficiency and/or Lawson e 4.
research studies on scientific reasoning skills. As previoudy noted, the researchers evauated the
hypotheses using a betweensubjects factorid andyss of variance (ANOVA). The following
hypotheses were developed to examine Cummins clam on the need for students to have
cognitive academic language proficiency as a prerequisite to learning science content subject

matter.



Null Hypothesis H1A,: With respect to English language proficiency (). Hispanic
English laguage learners in Grade 10 classified as having low English language proficiency will
score the same on a standardized science test as Higpanic English language learnersin Grade 10
classfied as having high English language proficiency.

Alternative Hypothesis H1A;: With respect to English language proficiency (p).
Hispanic English language learners in Grade 10 dassfied as having low English language
proficdency will not score the same on a standardized science test than Hispanic English
language learnersin Grade 10 classfied as having high English language proficiency.

The descriptive gatistics for the independent variable English language proficiency and
average scores on the standardized science test for the group of Higpanic English language
learners used for testing the null hypothess H1A, are shown in Table 5 below. Table 5, shows
the totd number of Higpanic English language learners in the sample to be 134 (n = 134).
Twenty-eight (28) students were dassfied as having low English language proficiency, fifty-four
(54) as having intermediate English language proficiency and fifty-two (52) as having high
English language proficiency. Teble 5 aso shows the average scores on the standardized
science test obtaned by Hispanic English language learners classfied as having low,
intermediate, or high English language proficiency. The results in Table 5 below show the
average score on the standardized science test to be lower for Higpanic English language
learners with low English language proficiency (mean = 14.86) than for Higpanic English

language learners with high English language proficiency (mean = 26.92).



Tableb

Descriptive Statigtics for English language proficiency levelsand average Science Test

Scores for Hispanic English language learners (n = 134)

MCASRAW

N Mean Std. Deviation
low 28 14.86 4.49
intermediate 54 18.04 6.06
high 52 26.92 6.03
Total 134 20.82 7.61

The descriptive statistics suggest that there were differences in the average scores on the
standardized science test between the two groups of Hispanic English language learners. The
null hypothesis (H1A,) stipulated however, that the average test scores for the two groups were
the same. In testing the null hypothess H1A,, the researchers used an andysis of variance
(ANOVA) technique.

The ANOVA technique tested the null hypothess (H1A) that the sample means or
students average scores on the standardized science test were equal. The results of the andysis
of variance (ANOVA) are shown in Table 6 beow. Table 6 shows aratio of means squares
(F) of 50510 and a sgnificance level (Sg) of .000; that is, the probability of obtaining an F
ratio of that magnitude or larger is gpproximately zero when the null hypothesisis true. Hence,

the null hypothess (H1Ao) was reected for it was unlikely that the average scores on the



standardized science test were the same for the group of Higpanic English language learners with
three different levels of English language proficiency.
Table6

Andyss of Vaiance (ANOVA) for Hypothess H1A,

MCASRAW

Sum of Squares df Mean Square F Sig.
Between Group: 3350.655 2 1675.327 50510 .000
Within Groups 4345.047 131 33.168
Total 7695.701 133

Although the datidticdly sgnificant F ratio shown in Table 6 above indicates that it
appears unlikely that al average scores on the standardized science test are equd, it does not
indicate which groups were different from each other. In addition to performing an ANOVA
test, the researchers examined the equdity or homogeneity of variance assumption by
conducting a Levene tes. The equdity or homogenety of variance assumption evauates
whether there is evidence to indicate that an inequdity exists between the variances of the
population represented by the two samples under study (Sheskin, 1997). The Levene test thus,
was conducted to test that the two samples came from populations with the same variances.
The Levene test showed equdity or homogeneity of variances. Hence, multiple comparisons
were performed using the Tukey’s technique. The results of the test of homogeneity are shown

in Table 7 below followed by a discusson of the results of the Tukey’ s multiple comparisons.



Table7

Tes of Homogeneity of Variance

MCASRAW
Levene Statistic dfl df2 Sig.
1115 2 131 331

With the results of the ANOVA (see Table 6) and the Levene test showing
homogenety of variance (see Table 7), the researchers conducted the planned multiple
comparisons by using the Tukey's HSD, Scheffé and Bonferroni procedures. Table 8 shows the
average scores on the standardized science test and the group sizes for the various levels of
English language proficiency for Higpanic English language learners. In this section, only the

results of the Tukey’s HSD multiple comparisons are shown in Tables 8 and 9 below.



Table8

Average Science Test Scores for Hispanic English Language Learners

Tukey HSDa'b

Subset for alpha= .05
Language Proficiency N 1 2 3
low 28 14.86
intermediate 54 18.04
high 52 26.92
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets ar

edisplayed.

a. Uses Harmonic Mean Sample Size = 40.837.

b. The group sizes are unequal . The harmonic mean of the group sizesis used. Ty

error levels are not guaranteed.

Table 9.

Tukey' s Multiple Comparisons

Dependent Variable: MCASRAW
Tukey HSD

Mean
(I Language Proficiency  (J) Language Proficiency  Difference (1-J) Std. Error Sig.
low intermediate -3.18° 134 047
high 12,07 135 .000
intermediate low 3.18* 134 047
high -8.89¢ 112 .000
high low 12.07 135 .000
intermediate 8.89* 112 .000

*. The mean differenceis significant at the .05 level.



The firgt row in Table 9 above corresponds to a comparison of two groups, Hispanic
English language learners dasdfied as having low English language proficiency to the Hispanic
English language learners dassified as having intermediate or high English language proficiency.
The last row shows the comparisons of the group of Hispanic English language learners
cassfied as having high English language praficiency to the group of Hispanic English language
learners dlassified as having low or intermediate English language proficiency. The difference in
average science test scores between the two groups (i.e., Hispanic English language learners
with low English language proficiency and Higpanic English language learners with high English
language proficiency) is shown to be sgnificant at the .05 levels. The pairs of average scores
that are sgnificantly different from each other are shown in Table 9 with an asterisk. All possble
pairs of groups are shown twice in Table 9. The observed sgnificant leve of the test of the null
hypothesis (H1A,) that the two groups (i.e., Hispanic English language learners in Grade 10
cassfied as having low English language proficiency and Hispanic English language learners in
Grade 10 dassfied as having high English language proficiency) came from populations with the
same average scores on the standardized science test is shown in the column labded Sgin
Table 9. The observed sgnificance levd for this pair is shown to be .000 or less than .05. In
fact, the observed significance levelsfor dl the pairs are shown to be less than .05.

Therefore, based on the data collected and on the results of the data andyss it is
appropriate to rgject the null hypothesis (H1Ao) which asserted that Hispanic English language
learners in Grade 10 dlassified as having low English language proficiency scored the same on

the standardized science test as Higpanic English language learners in Grade 10 classfied as



having high English language proficiency. In turn, the dternative hypothess (H1A;) which
asserted that Higpanic English language learners in Grade 10 classified as having low English
language proficiency will not score the same on the standardized science test than Higpanic
English language learners in Grade 10 dlassified as having high English language proficiency was
supported by the data.

To test the findings put forth by Lawson and his colleagues regarding the need for
having formd patterns of reasoning as a prerequisite for learning science subject matter, the
researchers developed the following hypotheses.

Null Hypothesis H1B,: With respect to reasoning skills (r). Hispanic English language
learners in Grade 10 classfied as possessng intuitive reasoning skills score the same on a
sandardized science test as Higpanic English language learners in Grade 10 classfied as
possessing reflective reasoning skills.

Alternative Hypothesis H1B;: With respect to reasoning skills (r). Higpanic English
language learners in Grade 10 classfied as possessing intuitive reasoning skillswill not score the
same on a standardized science test than Hispanic English language learners in Grade 10
classfied as possessing reflective reasoning ills.

The descriptive gdidtics for the leves of reasoning skills for Hispanic English language
learners and their average scores on the standardized science test used for testing the null
hypothesis H1B, are shown in Table 10 below. Table 10, shows the totd number of Hispanic

English language learners in the sample to be 134 (n = 134). Seventy-five (75) sudents were



classfied as having intuitive reasoning skills, forty-seven (47) as having trangtiond reasoning
skills and twelve (12) as having reflective reasoning kills. Table 10 aso shows the average
scores on the standardized science test obtained by Hispanic English language learners in the
vaious levels of reasoning skills. The data in Table 10 show the average score on the
standardized science test to be lower for Hispanic English language learners with intuitive
reasoning skills (mean = 17.03) then for Hispanic English language learners with reflective

reasoning skills (mean = 31.42).

Table10

Descriptive satistics for reasoning skill levels and average Science Test Scores for

Hispanic English language learners. (n = 134)

MCASRAW

N Mean Std. Deviation
intuitive 75 17.03 5.10
transitional 47 24.17 7.23
reflective 12 31.42 6.13

Total 134 20.82 7.61

The descriptive gatigics shown in Table 10 suggest that there are differences in the
average scores on the standardized science test between the group of Higpanic English language
learners classified as having intuitive reasoning skills and the group of Hispanic English language
learners classfied as having reflective reasoning skills. As noted, the null hypothesis (H1By)
dtipulated that the average test scores on the standardized science test for the three groups were

the same while the dternative hypothesis (H1B,) indicated that there was a difference.



The researchers once again, used an andysis of variance (ANOVA) technique to test
the null hypothess H1B,. The ANOVA technique tested the null hypothesis (H1By) that the
average test scores on the standardized science test for the groups were equa. The results of
the andyss of variance (ANOVA) are shown in Table 31 beow. Table 11 shows aratio of
means squares ) of 40.810 and a dgnificance levd @g) of .000; which means that the
probability of obtaining an F ratio of that magnitude or larger is goproximately zero when the
null hypothesis is true. Hence, the null hypothes's (H1By) was rgected for it is unlikely that the
average scores on the standardized science test were the same for the group of Higpanic English
language learners classfied as having intuitive reasoning skills and the group of Higpanic English
language learners classfied as having reflective reasoning skills.

Table11

Andyss of Vaiance (ANOVA) for Hypothess H1B,

MCASRAW

Sum of Squares df Mean Square F Sig.
Between Groups 2954.200 2 1477.100 40.810 .000
Within Groups 4741.502 131 36.195
Tota 7695.701 133

A Levene test was aso conducted to examine the equdity of variances. The results of
the Levene test were ggnificant and showed an inequality or non-homogeneity of variances as

presented in Table 12 below.



Table12

Tes of Homogeneity of Variance

Since the Levene test showed inequaity of variances as noted earlier, multiple
comparisons were peformed usng the Tamhane technique. The Tamhane technique is a
conservative pairwise comparison test based on a t test and it is frequently used when the
variances are unequa or non-homogeneous. The results of the Tamhane multiple comparisons
are shown in Table 13 below.

Table13

MCASRAW
Levene Statistic dfl df2 Sig.
4561 2 131 .012

Tamhane Multiple Comparisons

The firg row in Table 13 shows the comparisons between two groups, the group of

Higpanic English language learners classified as having intuitive reasoning skills to the group of

Dependent Variable: MCASRAW

Tamhane

Mean
(I) Reasoning Levels  (J) Reasoning Levels  Difference (1-J) Std. Error Sg.
intuitive transitional -7.14* 1.12 .000
reflective -14.39* 1.87 .000
transitional intuitive 7.14* 1.12 .000
reflective -7.25* 1.95 .007
reflective intuitive 14.39* 1.87 .000
transitional 7.25* 1.95 .007

*. The mean difference is significant at the .05 level.



Hispanic English language learners classified as having trangtiond or reflective reasoning skills.
The datain Table 13 shows a significant difference on the average science test scores between
these two groups a the .05 levels. The observed significance levd of the test of the null
hypothesis (H1By) tha the two groups (i.e., Hispanic English language learners in Grade 10
classfied as having intuitive reasoning skills and Hispanic English language learners in Grade 10
classfied as having reflective reasoning skills) came from populations with the same average
scores on the standardized science test is shown in the column labeled Sg in Table 13. The
observed dgnificance leve for this par is shown to be less than .05. Again, pairs of average
scores that are sgnificantly different from each other are shown in Table 13 with an agterisk. All
possible pairs of groups are shown twice in Table 13. As shown in Table 13, the observed
ggnificance levelsfor dl the pairs are less than .05.

Based on the data collected and on the results of the analysis of the data presented
above, the null hypothess (H1B,) that Hispanic English language learnersin Grade 10 dlassified
as having intuitive reasoning skills scored the same on the standardized science test as Hispanic
English language learners in Grade 10 cdlassfied as having reflective reasoning skills was
rejected. Conversdly, the dternative hypothess (H1B,) that Hipanic English language learners
in Grade 10 classified as having intuitive reasoning skill scored differently on the standardized
science test than Hispanic English language learners in Grade 10 dassfied as having reflective
reasoning skills was supported by the data and therefore retained by the researchers.

Null Hypothesis H2A,: With respect to English language proficiency (p) and



reasoning skills (r). There will not be an interaction between English language proficiency and
scientific reasoning skills that will influence the scores of the students (i.e, Hispanic English
language learners and native English language spesking students) on a standardized science test.

Alternative Hypothesis H2A;: With respect to English language proficiency (p) and
reasoning skills (r). There will be an interaction between English language proficiency and
scientific reasoning skills that will influence the scores of the students (i.e., Higpanic English
language learners and native English language speaking students) on a sandardized science test.

The data andyses for the interaction of English language proficiency and reasoning skills
variables was extensvely discussed in the section labeled 2-way ANOV A. Based on the results
of the 2way ANOVA, the researchers proceeded to rgect the null hypothess (H2A), which
aserted the absence of an interaction between English language proficiency, and scientific
reasoning skills that will influence the scores of the students on a standardized science tedt.
Conversaly, the researchers retained the dternative hypothess (H2A;), which asserted the
presence of an interaction between English language proficiency and scientific reasoning skills
that will influence the scores of the students on a standardized science test was supported by the
data collected for the present study.

Summary of the Results of the Tests of the Hypotheses

Having completed the data anadlyss and testing of the hypotheses which dedt with the
influences or interactions of the English language proficiency and scientific reasoning skills
variables on the academic performance on the standardized science test taken by both groups
of Higoanic English language learners and naive English language spesking students, the

researchers submit the following summary of the tests of the various hypotheses developed for



the present study: 1) Hypothesis H1A, was rejected for it was unlikely that the average scores
on the standardized science test were the same for the three groups in the sample, 2)
Hypothess H1B, was a0 regected for it was unlikely that the average scores on the
standardized science test were the same for Higpanic English language learners classfied as
having intuitive reasoning skills and Higpanic English language learners dassfied as having
reflective reasoning skills and 3) Hypothesis H2A, was rejected for a Sgnificant interaction was
present between the English language proficiency and reasoning skills variables.

Summary of Results

In this study, the researchers tested various hypotheses about means or average scores
obtained by a group of students on a standardized science test. The researchers conclusons
about the means or the students average test scores were based on looking at the variagbility or
dandard deviation of sample means. In performing the various andlyses of variance (ANOVA),
the researchers looked a how much the observed sample means varied. This observed
vaigbility were compared to the expected variability when the null hypotheses that al means
were the same were true. The data andyses in this sudy showed that the sample means or
students average test scores varied more than expected resulting in the groups not having the
same means. Based on the observed means and standard deviations n the 18 cdls, the
researchers tested whether, in the sample, the average scores in a sandardized science test
were the same for subjects with different English language proficiency levels, whether the

average scores in a standardized science test were the same for subjects with different levels of



scientific reasoning skills, and whether the there was an interaction between dl the varidbles
(i.e, English language proficiency, scientific reasoning skills and language learner) which would
have influenced the academic performance of the subjects (i.e., Higpanic English language
learners and native English spesking students) on a standardized science test scores.

The within-groups estimate of varigbility found in the sudy indicated how much the
observations within a group varied. Since an analysis of variance (ANOVA) was used as the
gopropriate gatistica technique to conduct the data andys's, an assumption was made that dl
groups came from samples with the same variance. However, most of the data collected for the
sudy did not exhibit homogeneity of variance nor did it show equdlity of number of subjectsin
the samples.

In this sudy, the decison to accept or rgect the null hypotheses was based on
comparing the between-groups and the within-groups estimates of variability. In some cases
(i.e.,, H1A,, H1By, and H2A,), because the between-groups estimates were larger than the
within-groups estimates, the researchers proceeded to rgect the null hypotheses that al the
average test scores in the standardized science test were equal in the sample. The results of the
3-way anaysis of variance showed no sgnificant 3-way interaction between the variablesin the
sudy. Table 1 showed an F ratio of 1.160 and a significance of .283 for the interaction of
English language proficiency, scentific reasoning skills and language learners variables with
regard to the academic performance of the sudents on the standardized science test. Likewise,
there was no ggnificant 2-way interaction between the English language proficiency or the
reasoning skill levels and the language learners. Table 1 showed F ratios of 1.121 and .857 with

ggnificant levels of .329 and .427 respectively for these 2-way interactions.



Table 1 however, showed a sgnificant 2-way interaction between the English language
proficiency and scientific reasoning kills variables with regard to the students performance on
the standardized science test. The results of this 2-way interaction showed an F ratio of 4.490
with a dgnificant levd of .005. This finding is believed to be important for it implies that
combined high levels of English language proficiency and reasoning skills enhance students
abilities to learn science content subject matter. In addition, Table 1 showed a Sgnificant man
effect for the varidble reasoning kills (i.e., an F ratio of 10.753 with asgnificant level of .000).
No ggnificant man effect was shown in Table 1 for ether English language proficiency or
language learner.

After collapsng the 3-way factorid design into a 2-way factoria design, the researchers
congdered the three 2-way interactions. While the results of the 3-way ANOVA only
suggested that English language proficiency might have had a smdl but sgnificant contribution to
the students performance on the standardized science test, the 2-way ANOVA dealy
highlighted English language proficency as a sgnificant contributor to the sudents performance
on the standardized test. Subsequent analyses of variances (ANOVA) indicated that the 2-way
interaction (i.e., English language proficiency x reasoning skills) was determined to be significant.
Because this 2-way interaction was found to be dgnificant, the researchers proceeded to
examine the smple effects of one of the variables with the other held congtant. The andyses of
the ample interaction consisted of a 2way andyss of variance (ANOVA) performed on the

collected data. The results shown in Table 4 that this 2-way interaction was indeed sgnificant at



the .05 dpha levels. To identify specificaly where the sgnificant differences between cdls
existed, post hoc comparisons were undertaken.
Implications of the Results for Theory, Research and Practice

While the results of the 3-way ANOVA only suggested that English language
proficiency might have sgnificantly contributed to the students  performance on the Grade 10
standardized science test, the 2-way ANOVA definitey highlighted English language proficiency
as a ggnificant contributor to the students performance on the standardized test. The 3-way
ANOVA dso showed a sgnificant 2-way interaction between English language proficiency and
reasoning skill levels with reference to the students  performance on the standardized science
test. This finding is believed to be important for it implies that combined high levels of English
language proficiency and reasoning skills enhance students abilities to learn science content
subject matter.

As noted, English language proficiency is presumed to be one important contributor to
the unexplained variance of the differences in academic achievement between Hispanic English
language learners and native English language spesking students (Cande, 1981; Cummins,
1981, 1991). According to Cummins, high order English language proficiency or cognitive
academic language proficiency enables the student to learn in a context, which relies heavily on
ord explanation of abgtract or decontextudized ideas. This is often the context in which high
school stienceistaught, with unfamiliar events or topics being described to students with little or
no opportunity to negotiate shared meaning (Rosentha, 1996). It has been stated (Chamot &

O'Mdley, 1986; Cummins, 1982; and Rosenthal, 1996), that students who have not yet



developed higher order English language proficiency or cognitive academic language proficiency
will be a a disadvantage in such settings.

Similarly, it has been gated (Lawson & Renner; 1975; and Lawson et d., 1991), that
the use of a generd pattern of forma reasoning is necessary for the acquisition of new science
concepts. Lawson and his colleagues (1991) investigated the hypothesis that the acquigition of
domain specific declaraive knowledge requires use of generad procedurad knowledge. More
specificdly, they hypothesized that use of a generd pattern of some form of forma reasoning is
necessary for the acquigition of novel domain specific concepts.

The present sudy examined the effects English language proficiency and leves of
scientific reasoning skills and their influence on the performance of a group of Grade 10
Hispanic English language learners and ndive English language spesking dudents on a
standardized science test. The data collected, analyzed and presented by this study implies thet
there is perhaps a rdationship between English language proficiency, scientific reasoning skills
and science content learning. Additiond evidence was presented examining the effects of English
language proficiency and scientific reasoning skills as factors on the learning of science content
knowledge of Hispanic English language learners.  The implications here are that both higher
order of English language proficiency and scientific reasoning skills were shown to predict
success in learning science concepts.

Findly, one of the mgor implications of this study is perhgps the adoption and/or

integration of some portions of both Cummins theoretica framework and Lawvson et d.



research studies into the current schools science curriculum. Well implemented, both of these
could be a potentid tool to enhance the English language proficiency and cognitive reasoning
skills of Higpanic English language learners 0 as to help them achieve higher academic

performance in science content subject matter.
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