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ABSTRACT

The significant increase of English Language Learners (ELLs) in the United -
States raises complex questions about how to provide these students with access to
high quality education that can improve both their content knowledge of school
subjects and their English proficiency, particularly their academic English proficiency.
The development of proficiency in academic English is a central challenge in science
education because science has a unique language of its own which includes extensive
technical vocabulary, specialized grammatical forms, and unfamiliar discourse
patterns fundamentally different from the everyday English that ELLs use in their
daily lives. Additionally, in order to become scientifically literate, students not only
need to understand scientific phenomena, but also must be able to communicate their
ideas in scientific ways, both of which require an appropriate level of proficiency in
scientific language.

Although acquiring both scientific content and language simultaneously is
already demanding for most students, the challenges that ELLs face are even more
serious. Most ELLs are still developing English proficiency while learning science
subjects, and even after ELLs become fluent in conversational English, they may still
lack the scientific language proficiency necessary to engage in science subjects. ELLs
generally require a minimum of five to seven years to deveiop the appropriate grade
level of academic language (of which scientific language is a sub-category) and to

catch up with their English-proficient counterparts. Not surprisingly, the largest
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achlevement gaps — onaverage 39 po1nts — in science sub_|ects pers1st between ELLs

‘ and Engllsh-Proﬁc1ent Students (EPSs) |
- This study explored effectlve 1nstructional approaches that can‘ help ELLs

-master both the content and the language of science and pOSSlbly close the

ach1evement gaps between ELLs and EPSs The study specifically exammed the 1
, 1mpact ofa technology-enhanced curriculum that consisted of two teaching ,- ‘
. approachesto ELLs’ ‘s‘cience learning: teaching science in everyday English (the

‘ Everyday Language approach) and using computer simulation to 'solVe scientific
-~ problems _(the Simulation approach). For this study, the_technology-enhanced B
curriculum was carefully constructed based on the actual curriculum design,* five
design-based research studies, and consultation wit-h ﬁfth;grade teachers.

| The randomized experimental study was 'conducted with 220 fifth-grade ELLs
and EPSs from four public elementary schools. Before the study began, all st_udents
" took _pretests and three students-randomlyselected from each class took pre-interviews.
All students participated in six onefhour long consecutive science sessions about the
~¢§nceptsl of photdsyntheSis and reSpiration,. For the first three sessions, students
received individual science instruction about the scientific concepts using a computer
: ‘program Students in the Everyday-Language cond1t1on (the Everyday- Simulation and
the Everyday-Web51te groups) were taught in everyday language prior to the |
1ntroductlon of scientific language. By contrast, students in the Hybrid-Language . |
”v .condition (the"l—berid-Simulation and the Hybrid-Website groups) were taught’
simultaneously in both everyday lariguage and scientiﬁclanguage (hyhrid language).

For the last threesessions, students were random_ly assigned to triads stratified by



- gender and English proﬁc1ency, and each triad part1c1pated in a series .of problem-
| solv1ng act1v1t1es Students in the Slmulatlon condition (the Everyday-Slmulatlon and
fthe Hybr1d-Slmulatlon groups) used a COmputer 51mulatlon program whereas students'
in the WebS1te condition (the Everyday Webs1te and the Hybr1d Website groups) used
| a s1mple webs1te After the study, all students took the posttests and the same three ; :
A students part1c1pated in post- 1nterv1ews
Overall the results of th1s study suggest that both teach1ng science in everyday R
language and usmg computer s1mulat1on to solve sc1ent1ﬁc problems can be beneﬁclal-
for ELLs’ science learning. However, in‘order fOTEL‘LS to maSter»both the content an& .
B the language.of: sc_ience,‘_itisimportant to provide them not only w1th access to |
: :scientiﬁclanguage, butalso with multiple .oppOrtunities to use this scientiﬁclanguage
~in different academicconte)its becaus'e only understandi-ng scientiﬁc language-'alone“‘
' does not always prepare ELLs to be ‘able to use the language to communicate their
| understanding of scientific ideas appropriately. In thisl study,~ ELLs taught in everyday
language prior to the 1ntroductlon of sc1ent1ﬁc language 51gn1ﬁcantly outperformed
‘ELLs taught in hybr1d language Among those ELLSs taught in everyday language
ELLswho used computer simulation during problem-solvmg act1v1t1es demonstrated_ _ '.
‘ ’bo.th avmore improved understanding of scientiﬁc phenomena and a Superior ability to
use scientiﬁc language;accurately for different purposes, compared to ELLs who used _»
| thewebsite to solve scientiﬁcproblems. o -
" The results of the study also indicate the potential advantage of computer _
simulation for decreasing-the lear.ning gap between lELLs and EPSs. The use of‘

computer _simulation was more effective in enhancing ELLs’ scientific knowledge and = - -

vi -



A their use Of scientific languég,e than the use of the websité, but the siinulation was not
beneficial f(’)raEPSs’ science learning. Since ELLs’ ’performancé improyed s0

" markedly with the use of computer sirrnulationn,v whi]le fhét of EPSs remained roughly

the same-,.this‘ form’of ‘pedaéogy resﬁltéd in no significant achievement gap betwéen

" ELLs and EPSs taught in thls manner.
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CHAPTER 1: INTRODUCTION

The number of English Language Learners (ELLSs) in the United States, those
who speak a language other than English as primary language and have limited
proficiency in English, has dramatically increased over the last ten years. The
percentage of total school-age ELLs grew 57% between 1995 and 2005, while the
general K-12 population increased only 3.66% in thé same period (National
Clearinghouse for English Language Acquisition [NCELA], 2007). According to the
NCELA, in 2005, there were more than 5.1 million ELLs in K-12 public schools,
making ELLs approximately 10.5% of the total U.S. student population. In some areas,
however, the numbers are much higher; in California, for example, 25% of K-12
students are identified as ELLs. And nationally, although 72% of ELLs speak Spanish
as their prirhary language, there are more than 50 languages spoken by ELLs overall
(National Center for Educational Statistics, 2008).

The significant increase of ELLs in the U.S. raises complex questions about
how to provide these students with access to high quality education that can improve
both their content knowledge of school subjects and their English proficiency,
particularly their academic English proficiency. The development of proficiency in
academic English is a central challenge in science education because science has a
unique language of its own which includes extensive technjcal vocabulary, specialized
grammatical forms, and unfamiliar discourse patterns fundémentally different from the
everyday English that ELLs may use in general contexts (Fang, 2005, 2006; Gee, 1992,

2005; Lee, 2005; Lee, Maerten-Rivera, Penfield, LeRoy, & Secada, 2008; Lemke,



1990; Schleppegrell, 2004). Additionally, in order to become scientifically lterate,
. students not only need to «understand scientiﬁc phenomena, but also 'must'be able to :
communlcate ina sc1ent1ﬁc way, both of which requ1re an approprlate level of |
“ proﬁciency in scientific language (American Association for the Advancement of
= Sc1ence [AAAS] 1993 Natlonal Research Council [NRC] 1996) Although ach1ev1ng
‘ academic success.in science is already demanding for most students challenges that
' »ELLs face are*even more seriOu_s because' they are still developing proficiency in their |
,second language, English, and learning scientific language is likeleaming an ; |
_ additional foreign language _withinEnglish for them |
| The study detailed in this dissertation explored nevv instructiona-l approaches
using technology for ELLs’ science leaming, vvith the goal of identifying ef.fective ‘
ins'tructional approache's that can prevent ELLs from ‘falling behind their English-“ :
» proﬁcient peers, In this study, I speciﬁCally examined two teaching approaches to
' technology-enhanced instruction: ’1) teachingsCience in everyday English priorto“
1ntroducmg sc1ent1ﬁc language (the Everyday Language approach) in order to make
, scient1ﬁc language more access1ble to students and 2) us1ng computer 51mulation for.
problem-solving activities (the Simulation approach) in order toprovide ELLs with
" more opportunities to engage in scientitic discourse‘. 1 examined how these
instructional‘ approaches could help‘ ELLs better master both the content and the
, language of science, compared to English-‘proﬁcient‘ students’ (EPSs) performance,
B v‘and how these approaches could possi‘bly help close the achievement gaps betvveen

ELLSs and EPSs.



Science.Learning‘ | '
‘Since the publication of A Nation at Risk (National Commission on Excellence o
. 1n Education, ,1983),’ Science education reform in the U.S.has aduocated equal access
to quality education' to promote equity and hi’gh'academic.achieuernent for all students -
B (AAAS 1983 NRC, 1996) In order to provide solutions for Us. students
‘ underperformance in science, the AAAS published anew reform document in 1996
Science for A]l Americc_zns, and advocated equity in scren_ce education, arguing that all
: students should'be given the oppOrtunity to become scientiﬁcally‘literate through the
V use of high-quality, accessrble curricula Science for All Amerzcans deﬁnes scientiﬁc
” 11teracy broadly as the ab111ty to understand sc1ent1ﬁc concepts and ways of thrnkmg
“in vnatural smence, mathernatrcs, technology, and soclal science. | |
Followmg Sczence for all Amerzcans the documents outlining scrence
' standards such as the Natzonal Science Educatzon Standards (N SES) also claim the
‘. need for equity for all students in science educatron The NSES (NRC 1996) provrdes |
more speciﬁc gu1de11nes regardmg what students should know and rigorous standards
for science content assessment teachmg, professronal development and educat10na1
systems.‘The NSES partlcularly emphasrzes screntiﬁc inquiry asa central leammg tool : |
in science, arguing that _.“scientiﬁc inquiry‘ is at the‘heart of science and science
learning” (p. 15), and that “_inquiry‘into authentic questions generated frorn student
ei(periences is the central strategy for teaching science” (p. 3D).
According to these major reform documentsand national science standards, in
order to bbecome scientitically literate; students must not only understand scientific

phenomena, but also 'articulate their understanding- using scientific discourse and



explore scientific ideas through inquiry, all of which demand heavy use of the spoken

and written language of science (AAAS, 1990, 1993; NRC, 1996).

Scientific Language and Science Learning

Many researchers have argued that learning scientific language is an integral
part of science learning (Fang, 2005, 2006; Gee, 1992, 2005; Lemke, 1990; Norris &
Phillips, 2003; Wellington & Osborne, 2001) and that, without the explicit learning of
scientific language, science will “simply remain a foreign language” to most students
(Wellington & Osborne, 2001, p.139). Yet, despite its importance in science education,
scientific language often presents a barrier to many students’ science learning because
it is composed of distinctive linguistic features (e.g., technical vocabulary) and
unfamiliar discourse patterns (e.g., hypothesis formation) fundamentally different
from the everyday language that most students use in general contexts (Fang; Gee;
Lemke). In addition to mastering the complexity of scientific language, becoming
scientifically literate also requires students’ participation in scientific tasks that allow
students to use this specialized scientific language accurately and to engage in
scientific discourse. Providing such opportunities to students is nevertheless difficult
for many schools because it requires highly qualified teachers, who can design
meaningful science activities, and the ability for the school to purchase or create

supplemental materials for such activities.



Science Learning forEnglisli ‘Language'Learners (ELl.,s)- “

Acqu_iring both scientific content and language simultan'eously 1s already "

4 demanding for most students “but the challenges that English Language Learners
. ‘ (ELLs) face are even more serious because most ELLs are still in the process of
'developmg Engllsh proﬁciency, and they therefore must leam not only the sc1ent1ﬁc
‘knowledge that i is the obv1ous content of the lesson but must also srmultaneously
| develop literacy skills and English proﬁciency (Lee, 2004 2005 Lee et al., 2008;
‘ Echevarria & Short, 2006) Even aﬁer ELLs become ﬂuent in conversational English :
’ they arestill likely to lack th‘e academic language (of wh1ch sc1ent1f1clanguage isa -
i sub;category) proficiency necessary to conﬁdently and successfully engagein scienc_e
subjects ELLs often do not.have the same literacy skills or the same level of |
'proﬁclency in academic English as do native Engllsh speaklng students when they
" enter school (Echevarrla & Short) ELLs usually require ﬁve years of belng exposed to
academic language to catch up,w1th nat1ve Engllsh-speaklng students (Cummlngs
1981, 2000, 2003; Hakuta, Butler, & Witt, 2000; Thomas & Collier, 2002). In other
vvords, when learning science, ELLs need to masterthe nevv content of scientiﬁc o
phenomena while simultaneously processing'the nevv-linguistic'information of
scientific language in English (Kirschner, 2‘002; vaeller,‘ '1994). Many ELLs,
especially those from low-income families, also have limited opportunities to use
scientific discourse in the classroom because the schools they usually attend face
additional pedagogical challenges, such as large clasvssizes and outdated materials.
'Teachers in these schools subsequently face obstacles in identifying and implementing_ -

_ appropriate activities (Lee et al.). .



Not surprisingly, ELLs have lagged significantly behind their English-
proficient counterparts in science, and the achievement gap widens as ELLs progress
through school. For example, only 3% of eighth-grade ELLs scored at or above the
proficient level in the standardized science assessment, compared with 30% of
English-proficient students (National Assessment of Educational Progress [NAEP],
2006). In addition, the largest achievement gaps — on average, 39 points — in science
subjects persist between ELLs and EPSs across fourth-, eighth-, and twelfth-grade
levels (Figure 1.1). Yet despite the large achievement gaps between ELLs and EPSs,

there has been little research on the short- and long-term consequences of these

achievement gaps.

o~ 153 1151

!

5149 EPSSs

o8 1121

i \f107 108 ELLs

4th Grade 8th Grade 12th Grade

Figure 1.1. Fourth-, Eighth-, and Twelfth-grade Average NAEP Science Scores
between ELLs and EPSs. ’

Although it is critical to provide instructional support to help ELLs

successfully develop both the content and the academic language of science, current



sci)ence instruction .does not retlect these students’ special needs.‘ For example, there is
a lack_of "qualiﬁed bilingual teachers and English as a Second, Language (ESL) o
tea‘chers'who can provide linguistic support to ELLs during science instruction -
‘ (Echevarrra Short & Powers 2003) In addrtlon it is oﬂen the case that many hrghly ]
: skllled sc1ence teachers have sufﬁc1ent content knowledge of their subJect matter, but N

- nonetheless many of them are not tramed to teach ELLs in the1r classroom (Lee

‘,Luykx Buxton & Shaver 2007; Lee et al,, 2007) Another challenge is that although o

' '_ textbooks are often the dom1nant method of science 1nstruct10n science textbooks
" introduce complex sc1ent1ﬁc phenomena in dense, technical vocabulary tw1th
complicated sentence structures ‘both of which are:diﬂicult even for EPSs
|  (Kinniburgh & Shaw Jr, 2007) L
G1ven these challenges it is essentlal to develop an 1nstruct10na1 approach that e .
- . 1ntegrates Engllsh language instruction w1th science subjects in order to 1mprove -
ELLs’ ;understandmg of _sc1cnce content and their use of scientlﬁc discourse.- Many
| . resear»chershave suggestedv‘a variety ,of instructional approaches to resolvethe o
| challenges ELLs face in. the science classroom. For example, inquiry-based ‘science
‘ L leaming has been found to'be effective in promoting ELLs’ scientific knowledge and |
language development (Blake & Srckle 2001 Cuevas, Lee Hart, &. Deaktor 2005 |
| ‘ Kelly & Breton 2001; Rodrlguez & Bethel 1983 Rosebery, Warren & Conant
1992); the potentral advantage of computer technology in 1mprov1ng ELLs science
| leamrng has also been exammed (Buxton 1999 Dixon, 1995) -and studies exammmg

the effects of language based science 1nstruct10n have shown promise for: enhancrng



‘ ELLs sc1ent1f1c knowledge and sc1ent1f1c reasomng skills (Duran Dugan, & Weffer
: 1998 Lee & Fradd, 1996; Rivard & Straw, 2000). | |
Desp1te the pos1t1ve outcomes of these 1nstructional approaches on ELLs
science leammg, however several gaps remamed in the l1terature Although many ‘
studies state that the sc1ent1f1c mode of commun1cat1on used in the classroom is , |
‘ "different from the e've'ryday modes of ,communication used in students’ daily lives;
.these studies have paid littlei attention to how to solve the discontinuity between
everyday English and spec_ial'ized scientific language; Second,z several studies ‘Suggest ‘
" that brmgmg students’ home cultures and home languages into the s'Cience"Curriculum' -
'constitutes an effective pedagogical approach to improving ELLs; science learmng
(Ballenger 1997 Lee & Fradd 1996; Lee Fradd, &. Sutman 1995 Warren et al
2001) However g1ven the W1de var1ety of cultures and languages represented by a
,d1verse ELL populat1on, as well as the limited number of mu'ltllmgual teachers, this
. ‘approach is often impractical. Other researchers suggest that integratin_g inquir’yv-vbased , h
science instruction into the c1assroom is particularly beneficial for ELLs’”science
‘ leaming (Hampton & Rodriguez, 2001; Merino “&Hammo‘nd, 2‘00‘1; Rosebery, Warren, .
& Conant 1992). Yet-this approach is'equally problematic given the limited numher |
~' of highly sk1lled teachers who are able to 1mp1ement 1nqu1ry-based instruction and the
; 11m1ted resources avallable at many schools (Buxton, Lee, & Santau 2008). Another
area that has received llttle attention is the use of instructional technology to enhance
ELLs’ science leaming. Despite numerous studies on technology-enhanced science
learning, the effects of computer technology on ELLs’ scientific unders'tanding and

L

language development have not been sufficiently evaluated.



Research Questions

This study fills these gaps in the literature by examining the impact of
technology-enhanced science instruction on improving ELLs’ conceptual
understanding of scientific phenomena and their use of scientific discourse, compared
to EPSs’ performance. More specifically, I explore the effects of two teaching
approaches used in technology-enhanced science instruction on ELLs’ and EPSs’
science learning: teaching science in everyday English prior to introducing scientific
language (the Everyday Language approach) and using computer simulation for
problem-solving activities (the Simulation approach).

This study was designed to answer three sets of spé’ciﬁc questions:

1. Does teaching science in everyday English (Everyday Language approach)
and/or using computer simulation (Simulation approach) enhance students’
science learning?

a. Does the Everyday Language approach and/or the Simulation approach
increase students’ understanding of scientific concepts?

b. Does the Everyday Language approach and/or the Simulation approach
improve students’ use of written scientific discourse?

c. Does the Everyday Language approach and/or the Simulation approach
improve students’ use of spoken scientific discourse?

2. Does the Everyday Language approach and/or the Simulation approach
have different impacts on ELLs’ and EPSs’ science learning?

a. Are there any differences between ELLs’ and EPSs’ understanding of

scientific concepts?



b. Are there any differences between ELLs’ aﬁd EPSs’ use of written
scientific discourse?

c. Are there any differences between ELLs’ and EPSs’ use of spoken
scientific discourse?

3. Does the Everyday Language approach and/or the Simulation approach

help close the achievement gaps between ELLs and EPSs?

a. Are the gaps between ELLs’ and EPSs’ understanding of scientific
concepts smaller after the treatment?

b. Are the gaps between ELLs’ and EPSs’ ability to use written scientific
discourse smaller after the treatment?

c. Are the gaps between ELLs’ and EPSs’ ability to use spoken scientific

discourse smaller after the treatment?

Organization of the Dissertation

To answer the above questions, I developed technology-enhanced instruction
and conducted a randomized experimental study with 220 fifth-grade students from
nine classes from four public elementary schools. The subsequent chapters are
organized as follows.

In Chapter 2, I synthesize the relevant literature examining the impact of
various instructional approaches on ELLs’ science learning and presents the
theoretical framework of the study. The literature review examines three types of
instructional approaches that emerged from the studies: inquiry-based science

instruction, integration of explicit speaking and writing activities, and the use of

10



| computer technology-. Despite the positive outcomesof these instructional approaches
on ELLs’ science learning, the current literature on ELLs’ science learning' has
noticeable limitations, such as a 1acl( of identiﬁcation of what is meant by ‘_‘scientific

‘ language” andsmall-SCale qualitative? descriptive research methodology. The |

"v'theoretical 'framework section provides an 'overyieyV» of three aspects of science '

“learning (conceptual 11ngurst1c and soc1al) and then dlscuss the characterlstlcs of .
academrc s01ent1ﬁc language and add1t10nal challenges that ELLs face in leamrng
'scrent1f1c language based on Cummrns CALP theory Next the theoretlcal

. framework discusses the role of computer srmulation as one approach in 1ncreasmg
ELLs’ use of screntrfrc language in social practlces

In Chapter 3,1 prov1de a detarled design process of technology- enhanced

L _1nstruct10n and an overview of five pllot stud1es For th1s study, I developed a

. technology-enhanced curriculum that consists of computer-based 501ence mstruction '
. and simulation-based problem-solving activities. I designed and implemented a
- science instruction program using the Everyday »Language approach; in other words; -
‘ the computer-based instruction teaches concepts of photosynthesis and respiration' in ;
; eyeryday English, prior to the int'roduction of scientiﬁc language. YI also created a
computer simulation program that allows students to manipulate ob.jects and to |
conduct virtual experiments; I carefully constructed the.fmal yersions of both
programs based on the actual curriculum design, in consultation with frﬂh—grade
teachers and instructional designers, and ﬁnding_s_from several pilot studiesand user

tests with multiple versions, over the course of four years.
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In ‘Chapter 4, T describe the methodology of my study, including the research - '
des1gn part1c1pants study procedures, and measures. To examine the effects of the |
Everyday Language approach and the S1mulat1on approach I conducted a2
' (Language) X2 (Simulation) X 2(English proficiency) factorial study with 220 fifth-

grade students from nine classes from four public schools. Prior to the study, all' . '
students took multiple-choiCe and,open_éended pretests, and three students i"rom each '
classroom were selected i'or a pre-intervievv. Each class was randomly assigned to one
of four treatrnent groups: (l) 'Everyday-Simulation group (taught in everyday English o
~and used computer simulation. forproblem-solving activities), ) Everyday-Webvsite‘
| group (taught i in everyday Engllsh but used a website for the act1v1t1es) (3) Hybr1d- ,
Simulation group (taught 51multaneously in everyday and scientific language and used -
the s1mulation program), and (4) Hybr1d-Webs1te group (taught in hybr1d language
' and used the webs1te for the act1v1t1es) All students participated in six hour- long,
consecutive science sessmns, andaﬁer the six sessions, they all took two posttests that
were the same as -the pretests, and the three same students from each class who
initially participated in the pre-intervievv, took a post-interview.
The next three chapters present the results of the study. In Chapter 51

examined the impact of teaching science in everyday English‘ and using computer
" simulation on students conceptual understandlng of scientific phenomena by
‘analyzing students performance on the multiple- ch01ce tests. The ﬁndmgs revealed
that the combination of the Everyday Languageapproach and the S1mulation approach
vwas most effective in improving both ELLs’ and EPSs’ scientific knowledge. An

interesting finding was that the Everyday Language approach signiﬁcantly enhanced
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both ELLs’and EPSs’ science learning, whereas the Simulationapproach was only ‘.
ben‘eﬁcial_for'ELL‘s. '.Since there were no initial achievernent gaps between ELLs and
| ,.EPSs, the analy:sis d1d not reveal whether these teaching approaches couldhelp close
: the achievement gaps betvueen the tw_o groups. However, the descriptiue analyses |
| » reveal that the difference between ELLs and EPSs 1n the ‘Eueryday-Web_site and the
. Hybrid-Sirriulatien groups became noticeahly 1arger than'the gaps betvueen:ELLs and
EPSs in the Eueryday-Simvulaticn and the 'Hybrid-Website groups on the posttest.
- ‘In Chapter ’6', I analyze students’ performance ‘onthe‘open-ended tests to |
_ examine the impact, of the two approaches on students’ understandin'g of the scientiﬁcu-v :
 concepts and theiru_seofwritten‘scientific discourse. Again; the cor.nhination“_of the "
'_ Ever}iday‘Languageappreach and the,Sirnulation approach was found to be rnost
‘ effective inenhancing bothELLs’ and EPSs’ understanding of the ccntent and their |
use of scientiﬁc language.‘This combinatiqn was particularly beneﬁcial for ELLs, such |
thatELLs m the Eueryday-Simu‘lation grcup significantly :Outperforrned ELLsinthe
‘ ,v ‘ other three groups. Similar to the results from the multiple-choice tests, the effect of ,
the EVeryday L‘anguage approach'was signiﬁcant for both ELLs and EPSs, but the -
impact cf the Simulation was only Vsigniﬁcantv for ELLs. Most notably, the use of
computer simuiation was found to be helpful in_decreasing the ieaming gaps between
| ELLs and EPSs. i’rior to the study,‘E'PS's showed a significantly better ability to
|  articulate their understanding of the coiic'epts accurately vusing scientiﬁc ,_language than'
| ELLs across the four groups. However, on the posttest, there were no signiﬁcant gaps

~ between ELLs and EPSs in the Simulation condition, whereas t_he achievement gaps
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between the tizvo groups of students became much greater when students used the
websit. |
In Chapter 7 I prov1de the results of students 1nterv1ew data Con51stent w1th o
| previous results from the multlple-ch01ce and open—ended tests, the comb1natlon of the
Everyday Language approach and the Simulation approach was most effectlve in
| 1mprov1ng both ELLs and EPSs conceptual understanding of sc1ent1ﬁc phenomena
~ and their use of sc1ent1ﬁc language to art1cu1ate their understandlng correctly In -
part1cu1ar the comblnatlon of these two 1nstructional approaches was slgnlﬁcantly . o
more.‘effeCtive in enhanc1ng studentsv science leamlng as compared to_ the COmblnation
L | of teaching ’science in hybridlanguage and using the website. On thepre-interview, v
_‘ most students were either unable to provide an answer or showed a serious : ‘
m1sunderstand1ng of photosynthe51s and resp1ration However after the treatment
,‘students in the Everyday-Slmulatlon group were able to prov1de more elaborate
complete responses to the interview questlons with necessary deta11. They even
demonstrated a better ab111ty to accurately use sc1ent1ﬁc language to exp1a1n thelr
| ”sclentiﬁc 1deas compared to the1r counterparts
In Chapter 8, I present a summary of ﬁndlngs and drawconcluSions from the
Study, discuss the impliCations and potential contribut_ions of my work to the ﬁeld,’yand ‘
recommend‘directions for future‘research.“"[his.study calls our attention to the need to.
“develop and use multiple instructional approaches for ELLs’ science learning The
- results from my sample h1gh11ght the potent1al advantages of the Everyday Language |
“and the Simulation approaches for ELLs’ scientific knowledge and their ability to use

sc1ent1ﬁc language accurately The findings also suggest that computer 51mu1atlon can
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be an effective tool in decreasing the achievement gaps between ELLs and EPSs. In
terms of academic inquiry into innovative pedagogical approaches, this Study helps to
fill the gap in the literature by offering a unique perspective on the role of everyday
language in science instruction for ELLs, and by examining the potential advantage of
educational technology for ELLs’ science learning. In the classroom and in students’
experiences, the findings of this study ultimately have far-feaching implications for a
new technology-enhanced pedagogy that can enhance not only ELLs’, but also EPSs’
science learning, even eliminating achievement gaps between these two groups .of

students while fostering improved learning for all students.
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CHAPTER 2: LITERATURE REVIEW AND
) THEORETICAL FRAMEWORK o

v V, Thls study explores how to improve science learning for ELLs Who are in the
process of developing ’English proficiencyandhelp, decrease the achievement gaps
" between these students and Engli'sh,-'proﬁcient students (EPSs) This chapter b‘oth
E ,’ proyides an overyiew of empiricalstudies that analyze‘ayariety ot‘» instructional
approaches designed to 'enhance ‘ELL‘s’ sciencelearning and d"iscusses the theoretical
'frameworkv for this study to better understand the relationships between science

leamlng and language development through technology, drawmg on Cummms

. Cogmtive Academic Language Proﬁclency (CALP) theory and computer srmulation

’, _ literature '

| This' chapter consists of two parts, the literature revievy " and the conceptual

: tramework ofthe study. First, the, literature reyiew‘ is diyided into three sections based
on the three types of teachlng approaches that emerge from the studies considered
here ¢)) mquiry-based science 1nstruction (2) 1ntegratlon of explicit speakmg and
wr1t1ng act1V1t1es, and (3) the use of computer technology These three emergmg

approaches are used as sub- categories here In each section, I present a br1ef summary

! Because the term “English Language Learners (ELLs)” is frequently used 1nterchangeably with other
terms, such as Limited English Proficient (LEP) students, 1 included in the literature review all studies
that involve participants identified as English Language Learners (ELLs), Limited English Prof cient
(LEP) students, English as a Second Language (ESL) students, English Learners (ELs), language ‘
minority students, bilingual students, and English for Speakers of Other Languages (ESOL) students. 1
included only studies that use English as the' main language of science instruction because this literature
review is concerned primarily with examining how to teach science more effectively to ELLs who are
comfortable using everyday English in the American mainstream classroom.
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~ of'the wofk, folloWed by an analysis of the res.ea‘rch_ conducted‘; ‘I conclude with an
| ékaminéti_on of the cohtribﬁtions and limifations_of thé litérature; |

| _ Scéond, the cohéeptuavll‘ framework starts with an overview of thréeraspeﬁc‘:ts‘o‘f .
yrs’ciéncé vlearning (éqnceptuai, liﬁguistic aﬁd s’oéi‘al)‘.‘li then discuss thé linguisfic éspect
: of ‘sc_iénce learhiﬁg for ELLs by analyzing thé chafacterisfiCS’ of academic sciérﬁiﬁc '
lan‘g‘uag.e'and dis‘fzus‘sihvg additiqnal éhallehgés that ELLs facev in learning smentlﬁc .
: bl‘ahguagé‘,’ based on Cummins’ CALP the(?ry'. Ne)it,r' I review the literafu_fé of éomp_ufér
sirﬁulation as 'onej approach t§ inéreasé sfudents’ uée of scien_tiﬁé language ‘in“bsiocial" B

- practices. _Fiﬁally, I diScuss how these theories were applied to the design of my,stildy.

Literatu ré Review R
B ) Instructional Approa’éh 1: Inquity-b'aséd Sciéhce Ihst_ruétiqh
_Sciencé education reform débufhents, such aé Science Jfor All Americqns é.nd :
‘National Sciehce Education Standdrds; recommend inquiry'as 5 way df imprbving
. scientific iiter_acy for all. They argue that the inquiry-based scienée approach can
R pfovide an authentic science lear‘ning.énvironmcnvt tﬁat engages Smdents in
g invéstigating scientiﬁc phenomena, using scientific ‘disvcou‘rse; .s;uch as describing (;r :
analyzing, and participaﬁng in haﬁds—c;n‘ ¢xperirhen_tation. A great milmberv‘(‘if studies
have also found that ihe use of inquiry-based instruction ‘ca‘n‘ be a pqwerful ‘
, instfuctional approach that can enhance both EI_;LS’ understanding‘of scientiﬁc ideas
“and promote'th'eirv use of scientific discourse, aS well as their Engiish language skills
(Ama‘ral,’ Gérrison & Klentschy,‘ 2002; CueVéQ, Lee_; Hén & Deaktéf, 2005; Fradd & |

Lee, 1999; Hampton & Ro'driguez, 2001; Kelly & Breton, 2001; Lee, 2002; Lee, Hart, _ N
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Cuevas _& End¢fs; 2004; Rodriguez & Béthél, 1983; Stoddart, P}inal,‘ Latzkc.&
. Canaday, 200'2).‘ These authqrs posit that, thfough inquify Ieaming, ELLs cdn rnore
‘actively/ engage in hénds-o,n science actiﬁtieé and experience ’t.h‘e process ‘(v)f ‘s"cientiﬁd o
inquiry‘tn‘an they would through a traditional textbook approach. ’fhe studies_v‘a‘lrgue‘ B
’ that ,participation in inquiry-based instr'uction nof only helps ELLs conbeptnalize "
scientific ideas m(_)rd effectively, buf alsd allows them to ai‘tiéqlate 'the;ir nnderstandingv -
of scientific phenomena in é variety of rebre_sentatidns, éuch as spokgn, written and
graphic forins. ' | |
| Hanipton and Rodri;guez (2001) examine how_arhands-on? i_nquiry-bésed o
o sciénéé cufriculum inlproved K-S ELLs’ science léaming andthéif ﬁfst (SpaniSh) and
_ sécohd (EngliSh) language skills. Cdliabo,rating wifh elen;entary schdol téachers, |
‘ tfained bilinguél uningrsity interns ﬁught K75 vstudents the Full Options' ScV:i‘.en(':ev_Series
(FOSS) curriculum, a hands-on, ‘inq‘uiry-based curriéulum, lonce a week for six Wééks. o
Findings rdveal fha‘t the inquiry insfrudtion is effective in -enh;ancving lELLs’ ct.)nceptual‘
| unde;standing of scientific ideas nnd'improving their language skilis in‘both English
~ and Spanish,‘ snch as scientific voéabnlary dg:yelopment in both languagds. Hdwever,
~ the study adknowiedges the reality that ELLs’ limited English‘ nroﬁcicncy dan bea
barrier to the inquiry teaching delivered solely in English w_ithoht assistance from
bilingual teéchers (in their case, bilingual interns). |
Rodebery, Warren, and Conant (1992) alsov examine the effects of a
collaborative inquiry-based science program, called Chéche Konnen, on ELLs’
| devell‘opment‘of content knowledgé and ‘scientiﬁc. reasoning. In fhis project, ELLs

participated in a collaborative investigation of scientific phenomena occurring in
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nature, such as differences in water quality, with guidance ﬁ'om hilingual teachers. :
: The results demonstrate that after participatingin the inquiry project, ELLs not only
demonstrated improved understanding' of scientiﬁc phenomena; but they also used |
sc1ent1ﬁc d1scourse more oﬁen during problem solv1ng tests, such as generating more
| hypotheses to explaln their reasonlng and prov1d1ng appropr1ate experlmental des1gns |

' :‘ asa methodto_test their hypotheses. The authors conclude that a collaboratlve 1nqu1ry- :
hased approach creates powerful contexts for constructing sc1ent1ﬁc meanings

_because in such env1ronments, ELLs have more opportunitles to use different types of -

- scientlﬁc discourse to share'their understanding with peers and to negotiate any

: conflicts during the 'prohleni-sol‘ving' tasks‘. -
' Another study that shows posrtive results from 1nqu1ry-based rnstructlon is
erlley and Breton (2001) but they speciﬁcally focus on scientiﬁc discourse. Kelly
and Breton 1nvest1gated,h0w two Spanish-speaklng teachers framed scrence‘ -

» instruction as scientific inouiry to help H}ispanic bilingual students and ELLs learn
about the inouiry process and develop scientific discourse. From classroom videotapes, v
interv,iews uvith teachers and ‘students,v and students" classroorn products (such as their
writing samples), Kellly and Breton- find that teaching SCience as induiry, particularly
incOrporating explicit discussion and writing activities into the inqui.ry, can he

 effective in irnproving ELLs’ science learning because teachers can provide students
uvith rnodels for scientiﬁc discourse (such as discussing and’critiduing) and with

learning opportunities to engage in different modes of SCientiﬁc discourse in multiple

contexts,
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The 1mpact of 1nqu1ry-based instruction on ELLs s01ent1ﬁc discourse is also _

examlned by Moje, Collazo Carrillo, and Marx (2001) who spe01ﬁcally focus on how L

teaching science through 1nqu1ry can create ‘instructional congruence” where
students’ everyday discourse can intersect with scientific discourse. They observed
how seventh-_grade Hispanic bilingual students and their bilingual teacher were
: engaged in scientific ,discourse dur1ng inquiry-based instruction._ Observations of the
clasSroom reveal that students were struggling to use scientiﬁc discourse and to.
construct new'scientiﬁc knowledge while engaging with scientiﬁc tasks. HOwever? the.
» ",'teacher'yvas unable‘to draw 'upon'students’ everyday knowledge and dis,course, norb
‘c.ould he help them makeconnectionsbetyveen their everyday.discourse with scientiﬁc .
. discourse. The authors su'ggest that it is important for teachers to create “a third. space”
Which 'integrates students" liyes.-'andvt‘heir primary discourse into the SCience discourse
in the classroom (p 492) |
As a part ofa large scale 1nstruct1onal 1nterventlon research pI‘O_]eCt on
B 1mprov1ng students screntiﬁc literacy, Cuevas, Lee Hart, and Deaktor (2005)
: examine the effects ofan 1nqu1ry -based 1nstructlona1 1nterventlon on non-mainstream
| »third- and fourth-grade students’ ability to conduct scientific inquiry. The study
E i'nvolves 28 students frorn diyerse linguistic and cultural groups‘ﬁ'orn six‘ schools
Results from the study demonstrate that the 1nqu1ry-based instruction effectively
| enhanced all students’ ablllty to conduct i inquiry, partlcularly former ELLs and low-
ach1ev1ng _students. Students overall demonstrated a s1gn1ﬁcant increase in asking ’
appropriate’questions to start scientific investigation and in developing procedures for

~ solving scientific problems, but particularly significant gains were found in the -
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performance _oi' low-achieving and ’former English fer Speakers of Other Languages '
V(ES.OL) students. Findings indicatethat inquiry-based science instruction can promote
science learning fer students who are linguistically and culturally different i*from
‘mainstream students, but for successful inquiry-based science instruction, it is
impertant to integrate explicit instruction of beth the science_'content and inquiry
-procedures intQ thevlessons.h | |

| rAmaral, Garrison, and_Klentschy (2002) also report positive r,esults:i'rom a i
fourfyear science interuention with ELLs and EPSs. They conducted a large-scale
study with 615 fourth graders and 635 sixth graders for four years to investigate how = -
‘the inquiry_-based science i'nter“vention,‘ the Valle Imﬁerial Pr(',)ject in ‘Science '(VIPS),
" enhanced ELLs’ and EPSs’ science performance and writing proficiency over time. , .
Tiie resultsindicate that Beth ELLs and EPSs who participated in the program longer
perferrned better on the science assessment and demonstrated a higher pass rate en-the :
writ‘ing exarn._Similar tc other researchers; Amaral, Garrison; and Klentschy also view
inqiniry-based 'science instruction as particularly beneﬁcial for ELLs, because it Jcreates
multiple opponunities for iELLs to develop linguistic sltillsfand to u'se scientific |
»ianguage to articulate their understanding of scientiﬁc content and share their
eXperiences with‘ others.

The six studies analyzed above provide strong evidence that inquiry%baSed
science instructi(‘)n‘ can be an effective approach not only to eniiance ELLs’
understanding of scientific concepts, but also to help them’ develop scientiﬁc language
and an ability to conduct inquiry. All six studies highlight that induiry4b'ased

instruction can provide ELLs with multiple learning opportunities to use scientific
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vlanguage indiffe‘rent contexts and to engage in various types of scientific discourse.' '
Collaboraticn with other students;and/or with teachers can also. help ELLs develcp
language skills and reconstruct their understanding of scientiﬁc phenomena. )
Although the 1nqu1ry-based lnstructlon has been one of the most effective
| ,approaches for ELLs’ sc1ence leamlng, the feasrbihty o‘f successful sc1ent1ﬁc 1nqu1ry
in the classroom is not guaranteed because it 1s*d1fﬁcult to 1dent1fy what components 3
| haue a positiVe impact on ELLv‘s’science "ieaming. ‘All of the induiry-hased ins_truction
| described in the studies abcve consistedcf multiple layers' of valuable resources, such
as hands;on activities profeSsicnai development ' bilingual teachers peer discussions, .
. and expllcit wrlting act1v1t1es However, most studies do not prov1de details regardlng:
_ the types of 1nqu1ry-prOJects students were 1nvc1ved w1th the duration of
the prOJects, or the procedures of 1nt1u1ry-based instruction. - :

o “An interesting ﬁnding that emerges ﬁ'om.the six studies is the irnportant role of
’bilingual teachers in the 1nqu1ry-based 1nstruct10n The 1nqu1ry-based instruction
exammed in all six studies was partiallyor solely delivered by bilmgual teachers The
six studies find that it is importantto pro_vide appropriate assistance from bilingual B
teachers to ELLs uvho"might struggle with new types of discourses with which they are
nct farniliar. Although it isan ideal solution to have a bilingual teacher who can
provide ELLSs with some transitional stens from their eueryday discourse to sc1ent1ﬁc
' dlscourse this is challengmg in practice because there isa w1de range of languages

spoken by ELLs, and 11m1ted bilingual or multihngual teachers available.
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Instructional Appraaéh 2: Integration bf Explicit Speak‘ing.dnd Writing Aciivities
- Language is an integral part'of science learning because‘ learning science . |
‘ involwies multiple uses of the spoken and written language ot science, such as using
 new scientiﬁc vocabulary‘ to ’describe‘scientiﬁc phenomena and' to formulate - |
hypotheses (Lemke 1990) Students need to be able to use both scientific language “
»and discourse patterns accurately to understand” science and also to “do” science in
- an appropriate way. The’three stud1es dlscussed here examine how explicit 1ntegratlon :
of speakmg and writing act1v1t1es 1nto a science curr1culum can help ELLs better
develop the1r understandmg of both sc1ent1ﬁc concepts ‘and sc1ent1ﬁc language '
Rivard and Straw (2000) examine how a comb1nat1on;of peer discusslon and a
) writing activity can ‘enhance ELLs’ scientiﬁc knowledge and their use of scientiﬁc,b
. : discourse‘. They conducted a quasi—experimental ‘Study w1th 43 e'ighth graders' whose
: iirstlanguage ‘was French, but who spoke English in Schools in Canada. Students,were B
randdmly assigned to one of ‘ four groups stratified for gender and achievement level:
' (1) a “talk- only” group, (2)a “wr1t1ng only group, (3) a “combined talk and writing”,
and 4) a control group. The results revealed that students in the combined talking and B
wr1t1ng group not only demonstrated a s1gn1ﬁcantly better understandmg of sc1ent1ﬁc‘
cphenomena, but they were also able to prov1de more orgamzed thoughts and more |
| coherent content in wr1tten form. The results also prov1ded ev1dence that e1ther peer
discussion ora writing activity alone is not as effectiveas thec‘ombination_ of the two
approaches. Rivard and Straw suggest that writing activities are most effective in

e_nhancing ELLs" science learning when they are preceded by peerdiscussion which
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provides an opportunity for ELLs to modify any misunderstaﬁding of seientiﬁc |

-con,cepts and teorganize their scientific ideas. -
The effects of Wﬁting framed by an initial peer discussion are atso addressed 1n

‘ Lee and Fradd’s study (1996). The greups.of founh-grade'monolingualvEtlgli'sh- :

speaking, bilingﬁa_l Hispaﬁic, and bilingual Haitiar} Students were dividedvi‘nto dyads
) baseti on the same _“language,‘ culture, and gender as theteachers” (p. 655),. For
exathple, a ‘dyati of male Hispanic boye was assigned te a male Hispanic teacher. Each
dyad‘waév asked to organize three sets ef pictorialtask cafd'sv'illustr'ating ptocedures of s
" scientific phertmrtena, such ae hurriearies; in drder, and to provide nar‘rati\l/ve »’
explanati‘ons; Then; studer_ltswere asked to summarize individually their explanations
v 1n either vtfritten or Visual form. Students’ written and visual representatievhrs. Were
analyzed based on length (oi' a riurrtber of drawitlgs) artd content. The restllts reveai 7
 that 64% of the students suecessﬁllly ofganized task carde inva eorrect. seauence and.

Showed a clear understanditlg» of the scientific coneepts in their explanations.
: Sﬁeciﬁcally, Hispanic bilingual studerttsparticularly eutperformed nativ‘e Englieh =
‘ _speakers in both science card taské and writing as_sessment., o | |

| . Meriho and Hammond (2001) explore the impact of writing activities on

deVetoping bilingual students’ Scientiﬁe knowledge and their use of scientific.
language through an ethnographic study. As part ofa larrger‘s_t.udy that investigated the
effectiveness of the Bilingual Integrated Curriculurri ‘Project (BICOMP), bilirigﬁal
- teachers implemented inqtliry-based science inétruction. The ﬁtldings of the study
show that three writing assignments — the scientific method lab sheet, the leaming" :

journal, and the narrative journal — helped bilingual students develop a better ability te
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provide scientiﬁc writing over time. Findings also indicate that integration of explicit

, : writing activities into science instruction can bea productive way of improving -
bilingual students’ language development as well as the content of science subjects. :

‘Duran, Dugan and Weffer (1998) 1nvest1gate how Mex1can American

language mlnorlty studerits w1th 11m1ted Engllsh proﬁc1ency could develop a

| conceptual understanding of sc1ent1f1c phenomena usmg semiotic tools, such as |

: language and d1agrams. Duran, Dugan, and W_effer observed a tenth-grade biology
classroom where students“engaged vvith a variety of instructional activities designed to '

‘vhelp them practicebOth writtenand spok‘en scientiﬁc discourse. ‘The results reveal that
the use of multiple semiotic tools helped language minority students better construct

E understanding of scientiﬂc top1cs in this case blology, and engaged them in usmg
sc1ent1ﬁc language in different contexts For example from the teacher s lessons,
students learned how to-use sc1ent1ﬁc language accurately and appropriately, and from
the discussions with the teacher, they pract1ced the newly acquired sc1ent1f1c language
‘in multiple forms, such as questions and argumentation. The use of diagrams also

_played an important roleas’ a scaffolding to help these language minority students ’
learn how to talk science; through diagram-related activities, students_ practiced
explaining scientific relationships and developed the lingui‘stic skillsto express their

_ understanding with diagrams vvithout theteachers’ assista'nce, gradually increasing
“their voice in biology talk” (0.338). |

Given the fact that acquiring’ sc_ientiflc language does not necessarily translate

mto usmg that language accurately for different purposes, one of the biggest

challenges that ELLs face in learmng sc1ence is the scarcity of opportunities they have
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to engage in scientific _,discourse. The most importantcontribution of the three studies ) |

, analyz:ed above is that each dem0nstrates that explicituse of speaking and writing .

activities can prov1de multiple learning opportun1t1es for ELLs to pract1ce newly

| acquired sc1ent1ﬁc language and develop an ab111ty to engage in scientific d1scourse
The four stud1es also describe‘the different roles of peer d15cUss1on and writmg" ‘

o act1v1t1es in ELLs science leammg and suggest that wr1t1ng act1v1t1es followed by |

| peer d1scuss1on are: most effective in helpmg ELLs develop both the content B

| knowledge and a better abillty to use sc1ent1ﬁc language accurately In particular all

four studies’ 1dent1fy peer d1scuss1on as an 1mportant leammg opportumty that allows »

for sharmg knowledge w1th other students and for reconstructmg students o

understandlng of sc1ent1ﬁc 1deas wh11e wr1t1ng act1v1t1es function asa mechanism for ,

organizing and consolldating sc1ent1ﬁc 1deas.

Insrructional App»roachv.?: ilse of Comprttér Technology |
The effects of various types of educational technology in science education

have beenwidely studied'across science ﬁelds; using computers to promote students’
scientiﬁc thinking skills (Fisher, l997)', the role of computers in encouraging_students ‘
to reﬂect on the meanmg of data and choosing appropriate representation forms
(Rogers 1997), developmg positive attitudes toward science learning (Hounshell &
vHill), and correcting students’ misconceptions in scientific phenomena (Hewson &
~ Thorley; Windschitl). There are, however, only two studies that investigate the impact :

" of computer technology on ELLs’ science learning.
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Buxton (1999) examines how the use of a computer-based model helps
I(-Iispanic bilingual students Construct an understanding of scientiﬁc ideas and provide
more.accurate explanations fortheir explanations. The 'study was conducted with 26 |
~ second- and third- grade students ina two-way b111ngual classroom (Spanlsh/Engllsh) :
at a small elementary school. Students were asked to bulld animation to descr1be
501ent1ﬁc concepts,by using computer-based models, and then to tel-l- their own story to
. ‘explain the concepts. The ﬁndrngs of the study 1nd1cate that the use of computer-based
models played a role asa storytelllng tool wh1ch enabled students to engage actively
in scientific drscourSe. Students act1vely partrcrpated in the discussions about therr
computer models and the scientific phenomena they were trying to explain using the '
model. l)uringthisprocess, students had a great vnumber of opportunities to

: demonstrate their ability to use different forms of representatiOn‘s - written, oral, and '

o prctorlal — in order to explarn the1r conceptual understandlng of smentlﬁc phenomena

Fmdmgs of the study suggest that the use of student generated computer models could
‘ be beneﬁclal to bilingual students who have been marglnali_zed in traditional science
classrooms, by helping them develop the ability to “think, act, and talk in‘way.s that
‘are compatible with the culture of school science” (p. 25).

| ‘Di'xon (1995) also explores the potentialr advantages of computer technology
for improving.ELLs’ science learning, particularly their conceptual understanding ot |
“reflection and rotation, as well as their ability to visualize scientiﬁc concepts. The :
study employed a quasi experimental research design yvith nine classes of eighth-grade
students. Students in the experimental group studied reflection and rotation in pairs

 using the Geometer's Sketchpad, a computer program that provides the visual and
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‘ dynarnic representation of rotation and reﬂection. By contrast, students in the control
.group studied the identical concepts using tei;tbooks under traditional teacher directioni '
~ The &suits of the stndy.demonstrate that students who received the dynnlnic

_instruction from the Génmeter’s Sketchpad significantly qutperformed their : |
counterparts taught by the trztditional texthook method. In adciitidn, students who had
higher visualization levels p{erfotrned signiﬁcantly better than students whc had

‘ rnedinrn'vcr lqweileVels of visue;lization. However, there i.s»no signiﬁcant.dii’ference

" between iELLs end EPSs,' regardless of treatment and visualization le\iels. Dixen
concludes that dynamic visual repfesentaticn cdnld improve both ELLs’ and EPSs’
r’uncierstandin‘gsof teﬂection and rotation anc_i their vi‘sualization ieizels"in the‘Engl.ish- - S

: .domine.ted, clessrcom. | o | | | '.

As addressed ee,rliei',' .‘de‘spite‘ the large nuinher of studies in technology-ib '
enhé,nced-science ieaming, the question how the distinctive ddvantages of educéticnal '
. technoiogy_ce.n beneﬁt.ELLs in 11eeming science has been signiﬁcantly nn‘.dereXplore‘dv

-inscience education. In that sense, the primary contribution of these tvi'c-studieS is that
they proVide nseful insights into how the use of edncatidnal technology in the'

, classroom can enhance ELLs’ science ‘leaming. Consistent Vwith the literature on the
effects of technolo,gy-enhanCed science_ leaming, bcth Dixo_n andiB'vuxton report
positive outcomes of interactive computer te'chnology inv promoting ELLs’ conceptual |
undei'standing.of scientific phenomena and de_veloping their proficiency in scientific - |
language and discourse. The successful use of computet technology fo,r' ELLs’ scienCe .
‘iearhing described in these studies indicates that integréting technology into science |

instruction has the pctential advantage for creating a meaningful learning environment
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that enhances science learning for this special grcup of students. Future research
" should examine the impact of various types of technology on ELLs’ science learning,

such as animation, simulation, and games.

- Sumniary )
_This review synthesiaes researcli studiesthat explore how different
. instructicnal approaches can enhance ELLs’. COnceijtual ,understanding of scientiﬁc | |
‘ ,phencm'ena andtlieir use of scientiﬁc ‘dis'course. The twelve'empirical publications are
categorized into thr_ee main -areas, :bas'ed.on types of instructional apprcachest inquiry- v
. basedinstruction, the use of explicit speaking and writ’ing ’a};tivities, and the use of -
‘. conrputer technology. Under eacli category', the 'revieuv provides summaries of tlie
7 studies examining similar instructicnal annroaches and prcVides strengtlis and
we‘aknesses of each instructional apprOach. o |
In ccnsulting the findings from these twelv'e studies, two important themes
ernerge. First, while there 1s nc‘ agreed-upon definition of scientific language, all the -
- studies reviewed here highlightthe relationship between scientiﬁc language and b '
v,sciencecontent, and’emphasize how ‘important 1t is to acquire the ’specialized language "
 of science when'learning science. They explain that sciéntiﬁc language and scientiﬁcf
' discourse used in the classrcorn are ‘different’from the everyday language and ‘_
everyday disccurse vi/ith which ELLs a're familiar, which can be a l)ar_rier to ELLs”

science learning.
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)’Second, all twelve studies analyzedi_rl this review emphasize the importance of
collaborative learning in ELLs® eciehce learning. They argue that knov.vledge |
= coristrilction and .scientiﬁc larlgliage vleamin‘g are most effective in socially-shared
inter‘actions with peers becailse collahorative leamin‘g provides ELLs Withminltiple 7
'- | Qpponuhitiee to u‘Se'scientific langiiage in different contexts and en’gage in differeht
v ‘. types of scie‘ntiﬁc discoilree. In addition, ELLs can irriprove their language skilis and
‘ reconstract any misconceptions they initial‘vl‘y“ had by interacting with more advvanCed
peers. N
o ' Although”the studies reviewed here also highlight ‘the importance of 'scientiﬁc
~ language and the potehtial for collaboratir/e learriihg to enhaiice ELLS’ scierice" -
s 1eaming, the current literature or1 ELLs’ Science learning has three noticeabl_e
liniitations that I mention in an effort to identify how they might-begih to productii/ei)i-
~answered. | ) |
"vFirst, most of these 's'tildies do not provide any identiﬂcation ot, or detaile
about, what is meant by “scientific language,” ar_ld how it'is different from everyday‘
| language with which ELLs are familiar; Although each study acknowledges‘ the -
existingl'differerlces between everyday and scientific language, with the 'exceotion of
" Durant et a‘l. ’(1998) and Mojeet al. (2001), none of the other studies‘ go into any depth
about the detinition of scientific language, or more central for the questioris of thie
study, why ELLe have difficulties leaming this specialized language.. ’
Second, most of these stu_dies‘ were conducted with bilingual teachers who
were able to speak a langaage in commoh with their students, and provide appropiiate _

supportv for ELLs when needed. The advantage of havin g bilingual teachers might
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have significantly contributed to thé positive outcomes of $¢veral instructional |
approaches analyze(i in these studies. Although providing ELLs with apprcipri_ate
‘linguistic support from biiingué,ll teachers'i can be truly effective in improving ELLs’ -
: science leai'ning, there is a Alimitedv number of qualified teachers »w‘ho‘a;r'e tmly Bilingual
. 1n liafoth‘E‘nglish and the primary languagé of v’ariou‘s studenis. Additionally,,g_i.ven the
- wide range of ianguagés spoken b,y‘ ELLs, it is impracti'cal to find a bilingualy teacher '
foi each ’groun Qf ELLs. o | |
A A tiiird limitation in tne cilrrent litevrature‘i_is the limited methodol'og'y.’ Most
sfudiés conduct small-scale qnalitatii/e, descriptive research, w}io§§ iindings ciain‘ be
: difﬁcuit to g‘e"neralize‘. Only two studies tiiai investigiiie v‘the impatit of instmctional | o
' inteiven‘tion are( large-scale studies with more 'than 1,506 pa'rti'cipants.vln addition,
~, many ;’f tlie siudies d(i not have any Comparisons that izvould‘ s'trengthén tlie desig‘n
bconsider_abl)v/; particularly English-proficient cvou'nferparts. Only three studies
»‘ i:onducted an experimental \stuciy with a control group, but two nf them failed to
' ,control varialiles in the coinparisons. :
L Thls study fills these existing ga;i 1n the cui*re;nt literature on how to improve
écience learning for ELLs, by conducting an experimental study with 220 ELLs and
' EngliShQnroﬂéient stude'nts (EPSS) in ‘order‘ to ‘exa'mine the impact of new technology-
enhanced apprOéchevs on ELLs" ééienéi: learning, ccimpared tq that of ‘EPSs’. In ihis |
study, ins,te‘ad of teaching s;:ience with bilingual teachers, I explore new- instructional
épprpaches focusing on how to use ELLs" existing stiength in everyday English asa
kind of i)ridge, drawing on their ’preex‘istin:g linguistic strengths to help them

efficiently master scientific language, and how to use computer technology for
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improving ELLs’ science learning. I then examine the effects of these twoap,proaches
‘'on enhancing ELLs’ scientific knowledge and their use of scientific language, as :
'compared to EPss’. The following section d_iscuSSes the theoretical framework for the

study.

Theoreti_cal Fr’a‘mework of the‘ Study' B
The'ﬁndings of the l‘iterature revievtf iclearly show the three dimensions of

sc1ence iearning, 7wh1ch all students need to master in order to succeed in school

 science: conceptual lingmstic, and socral (Figure 2. 1) As proposed in the national

| standards, students ne_ed to vbuild a conceptual understanding of screntlﬁc phenomena,
- ‘_ which includes r,emembering new factsand principles of scientiﬁc concepts,

developing ‘l-(nowledge of the nature of science, and modifying any prior -
misconceptions..qutudents also need to acquire an appropriate level of linguistié‘ '
_ prof czency in science such as gaming technical vocabulary and developmg an ab111ty
to talk like sc1ent1sts Furthermore, they need to part1c1pate in the soczal practzces of
sc1entlsts, by conductlng sc1ent1ﬂc inquiry, developlng the ab111ty to reason about. the1r ‘

‘explanations and the process of scientiﬁc experiments, and constructing arguments.
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SCIENCE LEARNING

Conceptugl

Linguistic

Figure 2.1. Three Dimensions of Science Learning.

These three dimensions of science learning are not only dynamically
intertwined with each other, but they are also centered around and deeply connected
with everyday language and scientific language. In other words, science learning
means learning to use appropriate language associated with science in understanding,
talking, writing, and doing science (Lemke, 1990). For example, when students read a
science textbook, they should be able to decode scientific language to comprehend the
meaning of the text using their everyday language. When they are writing a lab report,
they should be able to use both everyday and scientific language to explain the
procedure of their experiment. When they solve a scientific problem in a group, they
should be able to speak using appropriate language to precisely communicate their
understanding of scientific concepts. As many researchers have emphasized, scientific

language is indeed an integral part of learning science.
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_ Despite its importance in science learning, scientiﬁc language often hinders .

- ELLs’ sclence learning and in particular ke‘eps ELLs.from understanding scientific -

phenomena and part1c1pat1ng in sc1ent1ﬁc dlscourse because scientific language is -

| ﬁ,yfundamentally d1fferent from the everyday language that ELLs use 1n more general
- contexts (Cummms 1981, 2000 2003; Fang, 2006 Gee 1995, 2000 Hamayan &

’Perlman 1990 Lee, 2005; Lemke 1990) The followmg section explores the

‘ deﬁn1t1on of sc1ent1ﬁc language differences between everyday language and scientific |
language, and thepart1cular challenges that ELLs face in learmng scientific language.
In order to ,deﬁne what scientific language is, vve should first examine' academic |

’ language in general because academic language, of which scientific language isa '

» s‘ubset, can pr0vide a u.seful entry point into the ouest l"or a definition of scientific

-language. .

“ lAca‘demic Lartguage
The dlstinct type of language used in schools or in other academicsettings is-
 often called “academic language.” Although what constitutes academic language has
not yet been deﬁnitively agreed upon, the most prevalent view of academic language B
is Cummlns Cogn1t1ve Academ1c Language Proﬁc1ency theory (Cummms 1979,
1981, 2000 2003), a theoretical model for Second Language Acqu1s1t1on (SLA) that
d1stmgu1shes between everyday language proﬁc1ency and academ1c language
) proﬁc1ency for second language learners
Cummms separates academlc language the spec1al1zed language used to

Aunderstand academic content in school, which he calls Cogmtzve Academzc Language
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Projiciency '(CALP); from conversational language, the social language used in '
~everyday llfe wh1ch he labels Baszc Interpersonal Commumcatzve Skzlls (BICS) In
. other words, BICS is the ﬂuency of soc1al language that ELLs use to interact w1th
| other people rnsoclal 51tuatrons, such as on the playground, whereas CALP v1sthe '
ability both to understand the concepts'of academic subjects and to use the specialized "
| language inoral and written form‘ such as classroom di‘scussionk.‘ | |
Cummms argues that CALP is more challengmg to develop than BICS becauser' ”
_, it is more cogn1t1vely demand1ng and there is less contextual support for CALP than
-for BICS. According to Cummlns BICSr is cogn‘1t1vely le’ss demand1ng because it is
(-'e‘asy to understand, uses everyday language and pr1mar11y includes less complicated
language structures By contrast CALP requrres not only the abllrty to understand and |
- use more spe01al1zed vocabulary and complex grammar"structures, but also the ability -
1o ‘understand academic subjects simultaneously — both of which demand heavy -
: ‘cognitiveprocess of students.v ) |

| .‘Another factor making CALP more difficult to acquire is its typical usage in |
contexts ‘vvithv limited non-verbalcues,.,Which would otherwise help students , |
, V’ understand the language'_ and facilitate communication. Forexample, when students
use academic language in the classroom, they frequently need to rely on the language
| itself to 'communicate rather‘than using contextual support,‘ such as facial eXpressions. N
.By'contraSt, BICVVSis more “context-embedded” because when students engage.in‘
‘every‘day social conversation, they can use non—'verbal clues, such as facial expressions '

or any surrounding objects, to better delive'r the meaning.

z The terms “academic language” and “everyday language” are used interchangeably with CALP and
BICS in this chapter. : ’ ~ . :
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Not surprisingly, ELLs can acquire BICS within approximately two years,'
‘whereas they generally require a minimum of five to seven years to develop the
appropriate grade level of academlc language and to catch up with their English-

proﬁ01ent counterparts (Cumm1ns 1981 2003; Hakuta et al 2000 Klesmer, 1994)

" Because it takes longer to develop academic language proﬁclency, even though ELLs

~ may be able to communicate fluently in everyday English, they are st111 likely to--
‘contmue struggling with academic language. - |
Scientiﬁc language which is:'a type of academic language‘ has several
d1st1nct1ve features different ﬁom everyday language, such as speclalized grammar
unfam111ar d1scourse patterns, and techmcal vocabulary (Fang, 2005 2006; Gee, 2005
- Lemke, 1990) ‘For example spe01alized grammar of s01ent1ﬁc language contains
'pass1ve verbs nommalization and complex sentences and pattems of sc1ent1ﬁc '
' d1scourse 1nclude formulatmg hypotheses makmg clalms and draw1ng conclus1ons In
:particular the techmcal vocabulary of scientific language cons1sts of two types of
words 08 non—speclallzed academic words, used across content areas and 2)
spe01allzed content area words umque to specific content areas, such as 501ence and
math (Figure 2;2). | |
"Non¥specialized academic language includes formal words that are frequently
-used in academic settings but arenot_ specific to any one subject area, such as the verbs,
“examine” or “analyz‘e.”‘ Students encounter this non-specialized language across '
~ subject areas‘ in school. Specialized contentarea words, however, indicate technical
terms that are‘speciﬁc to one content area, such as the term “carbon’dioxide."’ It also

~ represents those words that have a variety of meanings when used in different contexts,
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such as the word “volume.” For example, “volume” can mean “a loudness of sound”
in most everyday situations, but “volume” in physics-related contexts can also indicate
“the amount of space occupied by a three-dimensional object” (Merriam-Webster

Dictionary; Fang, 2006).

Academic Language

— . ) Subject-specialized
Science ‘ Language

Social
Science

Nonfspecialized
—~4angu

Figure 2.2. Academic Language and Scientific Language.

Among these various features of academic language, the definition of scientific
language in this study was limited to the specialized content-area terminology
associated with science that is not regularly used in other subject disciplines, such as
“photosynthesis” and “oxygen.” This study does not include those words that have
multiple meanings in various contexts, such as “volume,” because the purpose of thé
study was to explore how to teach science to ELLs through an alternative form of

students’ everyday language to scientific language.
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_ The term, f‘everyday language,” 1s commonly used to describe a type of |
. ‘language.that ‘students use to communicate with others 1n their‘daily lives, _suchas on
_the :'playground in the market and‘in the house. Similar tolcummins’y argument |
'regard1ng the d1fferences between everyday and academic language many researchers ,
. in science educat1on also 1dent1fy a dichotomy between everyday language of - »
lmgulstlc.mmorrty students and vsc_1ent1ﬁc language-of school, and that it is 1mportant
to inc1ude these students’ everyday mode of talking and thinking into science |
| }‘ classroom (Lemke Gee Lee; Rosebery et al.; Fang) Depend1ng on student
'~ populations, everyday language can be students home language nat1ve language or a
' ‘language they are comfortable with. In this study,‘I expanded the view of everyday

; language by deﬁmng it as a type of’ Engl1sh that l1ngu1st1c m1nor1ty students actually

o use e to engage in academlc subJects in school For this study, I recorded how language'

a m1nor1ty students used everyday Engllsh to art1culate the1r understandmg of .

3 photosynthe51s and resplratron in the school and based on their own everyday words,

I created “everyday language, van alternative form to scientific language (see Chapter
). | | | -

| While there are ‘var1ous types of academic language used in school sc1ent1ﬁc
language can be extremely cogn1t1vely demand1ng because the proport1on of subJect-
, ',spec1allzed language in science is s1gn1ﬁcantly higher than that used in many other

| subJects such as social science. Addrtronally, sc1ent1ﬁc language often deals w1th

, abstract scientific concepts that can be _dlfficult to observe in our daily lrves, such as

T 'photosyn'thesis. '
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_ The following example highlights the noticeable differences between everyday

language and scientific language when they are used to describe the same content:

1. ‘Green plants make a type of sugar as their food by
. taking in light ‘water, and gas that humans breathe out.

2. Green plants produce glucose, by takmg in photons
© water, and carbon dioxide.
' . As shOvyn‘in this example, the two sentences convey the same meanving, but each uses
a different type of language toexplain the concept. The first sentence is relati'vely‘ easy-‘v |
for ELLs to comprehend because it is written in everyday Engllsh w1th which ELLs
are more famlhar whereas the second sentence is cogmtlvely more demandmg for
| ELLs because it lncludes a number of speclahzed sclentlﬁc terms. Many ELLs are
11kely to know fewer of these techmcal terms than EPSs (or they may know none at |
~all). ELLs may even be unfamllrar with a non- colloqulal term, such as produce
Although th1s d1st1nct1ve gap between everyday language and sc1ent1ﬁc ,
language causes additional challenges for ELLs’ science learning, many ELLs do not A‘
receive ap,propriate support to develop their understanding of both the content’ ahd the
language of Science.v“For example,_ science textbooks, which are oﬂen-the main
instructional method for teachers, lntroduce new scientific concepts simultaneously in
. both eyeryday language and 'scientiﬁc_languaget When anew sc.ientiﬁc term is B
introduced, it is presented"_in bold with a definition m everyday language, butonce the
'rterm has been introduced, the textbook only usesthe scientihc term vyithout the _

definition, such as
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green plants produc’e their own food, glu‘c_ose. In order to
make glucose, plants take in light energy called photons.
They also need water and carbon dioxide, gas that
humans breathe out. :
: S.imilarly,‘ some teachers introduce the list of new scientific vocabulary-'at the
o beginning of their lessons by proyiding deﬁnitions of the térms 1n everyday EngllSh.
.However, once‘ the terms are introduced, teacher_s often expect ELLs to make
connections between the new scientiﬁc language and scientiﬁcphenomena
: independently in the course of the lesson and therefore frequently do‘ not provide |
_ ,Happropr1ate support | . | |
- As shown in the examples above, leam1ng new‘sc1ent1ﬁc phenomena usmg
- unfamrhar scrent1ﬁc language is already challeng1ng even for 'EPSs because of |
o multiple layers of 'neW tasks. In other words, when students learn science, they need to
1) comprehend new conc_epts,b 2) decode the deﬁnitions of new scientific terms,‘ and 3)
‘ ﬁndout and link meanings between the concepts and the language%allvof vyhich are
. already cogn1t1vely demand1ng for EPSs. Not surpr1smgly, thls task increases ELLs’
.cognitive load more than EPSs’ because ELLs often do not have the same llteracy |

- skills and the same 1evel of proﬁcrencyvln academ1c Englrsh as do nat1ve English- -
speaking students when they enter school.
| In order to help ELLs master both the contentand the language of science
more effectlvely, itis 1mportant to reduce the amount of cogn1t1ve loads generated by -
multlple layers of new tasks in science leamlng One p0551ble approach is to teach new
scientific concepts by using everyday language with which ELLs are already famlllar,

prior to introducing newvscientiﬁc language. Through this approach, ELLSs can
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reduced the amount of cognitive loads produced by understanding new information of
s;cientriﬁc'phenomena, decoding new scientiﬁc language, and making connections
“between the concepts and the language simultaneously. Thi's' approach can eventually )
help ELLs build a stronger conceptual understandlng of scientiﬁc phenomena-in
everyday language anduse this'understanding as 'a'scaffolding to develop,ﬂuency m "
sc1ent1ﬁc language In this study, I examine how teachmg science in everyday English
' prlor to teachmg sc1ent1ﬁc language can increase ELLs sc1ent1ﬁc knowledge and can |

o help them develop the- ab111ty to use sc1ent1ﬁc language accurately

: Socidl Practices of Science
‘ Although developin'g proﬁciency in scientiﬁc'language ls necessary_ for science -
o v learning‘, it do.es not automatically lmprove ELLs’ ability touSe scientiﬁc langua‘ge
.appropriately'in a variety of academic contexts. In.»thisstudy', theuse of scientiﬁc o

language indicates a student’s ability to use accurate scientific terms to communicate:

e his/her ideas when working- on science-related taSks, suchas articulating scientific

knowledge posmg questrons and formulatmg hypotheses

In order to develop such skills, ELLs must have multlple opportumtles to use
: 'sc1ent1ﬁc language wh11e workmg on sc1ent1ﬁc tasks As noted earlier in the 11terature
- review, many 'researchers have suggested that ELLs can better understand scientiﬁc
concepts and develop language proﬁclency when they engage in soc1al practices of -
) sc1ence such as scientific i 1nqu1ry, because those activities enable ELLstouse -
screntlﬁc language for dlfferent purposes such as arguments and questlons and

_prov1de them w1th opportun1t1es to reconstruct the1r mlsconceptrons For example
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“while ELLs participate 1n a scientific inquiry project in a group, they need to mal(e ;

~ their ideas exp11c1t in order to communicate w1th the1r( partner(s) and to defend the1r |
arguments vyhen there isa d1sagreement Through this process, ELLs have mult1ple
opportunities to use scientiﬁc language to communicate their ideas and develop shared .
understandings by building on each other’s ideas. “

Despite the positive outcomes and the. potential advantages of various social

practices associated with science on ELLs’ science learning, it is important to note that
social pract1ce itself will not automat1cally guarantee ELLs’ active engagement with

| us1ng sc1ent1ﬁc language The quallty of sc1ent1ﬁc discourse occurrmg dur1ng social

: practlces can d1ffer based on types of tools or materlals used the work ass1gned
students’ prior knowledge, group formation, types of act1v1t1es -or the 1nteractlon

: among group members (Barron 2000; Hogan Nata51 & Pressley, 2000) Among the

many p0551ble factors, I chose to -examine how d1fferent types of tools pamcularly

computer simulation, can fosterELLs’ use of scientiﬁc discourse during SOcial

practices in this study.

Computer Simulation
Computer simulation has heen chosen as a medium for i'ncreasing ELLs’
scientific discourse because it has distinctive advantages over other types'of
technology, yet the effect of computer simulation has not been examined for ELI;s"'
~science leamlng Currently, there is no consensus about the deﬁnition of computer

simulation, but in this study, * computer simulation” or S1mulat10n w1ll refer to a

computer program in which a user can manipulate virtual objects to conduct scientific
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) eiperiments; ahd -thé program will visually and textually pfesents the iresults ofthe - -

user’s actidns. For éxample, a éomputer »brogram'that allows uéers to conduct science
_‘ expgriments instead of goingto a iabérafory, or chputer soﬁware that provides
dyﬁamic visual réprésenta’tioné of chemical reactions accor,ding toa 'uéef’s iﬁput, are
both typés of computer;simulation.

B Like other computer-based applicétions, such as online tutorials and interactive

- animation, Computef ,s‘imulati(‘m has numerous educatioijgl advantages for sciencé ‘

~ learning. For eXample,’ it cé.n make more visible sciéntiﬁc phe»nomena, such as
‘photosynthesis, that may be ha‘rd to observe in reél life (Colemé,n, 1997; Dwyer &
'Lopez, 2061; ’Jonﬁss,en; 2000; Leutner, 1993; Schnotz, Boeckheléf, &Gr‘vzoridziel,
1999; Roth, 1995; Ziéfsni’an & Hewson, 71986). It cén also provide multiple visual -~ -
repfesenfatioﬁs of the same scientific phenOmeﬁa, such as animation andvgraphs, -
» Which‘ can éssist students in building a mofe concréte undersféhding'vof these events. -
H‘owever,l‘ Whét distihgﬁis_hes compﬁtér ‘sim‘ulationv from ofher éomputgr-based
- applications is brr‘tanipu‘lati'on. Unlike other éomputer education te\chnologies,‘ C(Smputer
simulation not only provides a visual r'epresentatioh ovf scienfiﬁc concepts, buf it also
| all§v§s students to é,ctivély' explore the system By manipulating input variables and |
) based on>thvev user’s actions, c‘émputgr simulation éhows diﬂ‘efent dynamic Outputs. :
| ‘Thése unique features of COmputer can prévide ELLs wfth a variety of
opportunities to use scientific language for different purpose and engage in scientific |
discourse. For eXample, when int¢racting with compﬁter siﬁlulationé, students need to
“ _ decide what to do by themseives, instead of mérely folloWing instructions. »Tfley need

to manipulate materials or variables based on their own hypotheses, interpret visual
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eutcomes, reflect on their decisio‘ns, and rerun the program again with fevised‘

- bhypcg)tl‘ieses‘. Dhring this prOceSs, st_hdents in a group need to explain their ideés, refine
their“h'ypotheses, make predviet‘,iohsr,r_ share ‘thei‘r inferpretations, eﬁd' negotiate'meahing'; V
Through this experience, ELLs can develop the ability to preperly use seienﬁﬁc

' la'.'nguége in varioes ac‘ademi‘c contexts and strengthen‘-their understanding of scientific
,cdnceptE{ In thi~s study; I examine how Vtheuse of comp»uterbsi‘m'ulation cen'increase

ELLs¢’ seieﬁtiﬁc knowledge and improxlfetheir use of scieﬁtiﬁe- disceurse,- compéredv to

the use of 2 simple website. In 'thé folloWing section; I describe hO;N I implemented

tﬁeee two approeeﬁes into designing atechnology-ehhanced ‘currieuluni and discuss

the design process ef two technelogy programs used in this study. |
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CHAPTER 3: DESIGN OF A TECHNOLOGY-ENHANCED
CURRICULUM

This dissertation examines whether teaching science in everyday English (the
Everyday Language approach) and using computer simulation to solve scientific
problems (the Simulation approach) can enhance ELLs’ science learning and help
close the achievement gaps between ELLs and their English-proﬁcient counterparts.
To explore the effects of the Everyday Language and the Simulation approaches, I
developed and implemented a technology-enhanced curriculum which consists of two
parts: (1) interactive science instruction that teaches scientific concepts in everyday
English prior to introducing scientific language and (2) interactive problem-solving
activities using computer simulation. Employing a design-based research methodology
(Brown, 1992; Cobb, diSessa, Lehrer, & Schauble, 2003; Collins, 1992; Dede, 2004),
I designed, implemented, and reiterated both interactive science instruction and a
computer simulation program multiple times based on the actual curriculum design,
consultation with fifth-grade teachers and instructional designers, and findings from
several pilot studies and user tests. In this chapter, I provide an overview of both the
computer-based science instruction and the computer simulation programs and
describe the design process of these two technologies, including details about the
technology and findings from a series of pilot studies that guided the development of

the programs.
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- Deecription of the Two Science Instruction Programs ‘
" To examine_ the impact of teaching science in eve’ryday English prior to .
,_introducing scientiﬁc ‘language I deVeloped the computer-hased instruction focusing_
' on concepts of photosynthe51s and respiration whlch are included in Califomia

Science Standards for fifth-grade students ‘The computer-based instruction was

) rde51gned to help students build a conceptual understanding of scientific phenomena, in

this case photosynthesis and revspirationv, and acquire specialized language of science‘.v",
"‘The instructioneontained t'our lessons about photosynthesis and respiration\,' language " -
activities, and a series of scientific experiments with 'guiriance, all of which required o
‘ three one}hour ses‘s'ions for students to con_rplete.;The science instruction taught ‘the'
~scientific concepts :t‘hr‘o_u‘ghv fhujtiple representation ‘fonns, su,ch as tex_t;animation,
~ narration, and visualiiation, | |
- I'developed two computer-based science ins‘tru’ction programsi the Everjday-'
'Language program and‘the Hybrid Language program. The two progranisr were
developed based on similar programs used in earlier research ,and on ﬁndings from |
prior, research studies I took part in (Brown‘& Ryoo, 2008; Ryoo, 2008). The design
process of the programs and findings from the previous st‘u'die‘s are presented in a l/ater» .
seCtion. The Everyday Language program taught the.concepts of photosynthesis and- -
respiration in everyday English ‘prior to the mtroduction of the more difficult - |
’ smentrﬁc language whereas the Hybrid Language program taught the same 501ent1ﬁc
concepts simultaneously in both everyday andv scientific language; this i is the approach ;
used in most Science textbooks. Except for the language used in the instruction, both

programs were identical in terms‘ of the content and visualization (Figure 3.1).



Content Language Explicit
Construction Instruction Scientific
Language
Everyday Everyday" Hybrid
Language English Only Language
Program | => = - => | (Everyday and =>
Scientific
Introduction Language Scientific
Simultaneously) Language
T Exclusively
Hybrid Hybrid Scientific
Language Language Language
Program (Everyday and ‘Exclusively
Scientific
Language
Simultaneously)

Figure 3.1. Description of the Everyday Language and the Hybrid Language Programs.

Both programs consisted of four distinctive steps: (1) Introduction, (2) Content

Construction, (3) Language Instruction, and (4) Explicit Scientific Discourse. The

Introduction Step of both programs used animation to introduce both the mission and

the interface of the program. A computer avatar called Mandrake explained that she

needed to grow a special flower to save her friend Wendy, who had been poisoned by

a wicked witch, but the seed of the special flower was locked in a chest. In order to

open the chest, Mandrake needed four plant pieces that only could be obtained if the

student passed the four lessons of the program. Mandrake then asked students to help

her collect these four plant pieces by learning about how plants grow (Figure 3.2).

The Introduction also explained the interface of the program, such as the “next” button,

the sound option, and the text box (Figure 3.3).
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Afier reading on ok spefl book, | discovered that these is o special plant that can sove Wendy, Your
. vssionisiogeta seed and prow it for Weady. The seed iS locked in & chist in ordet 16 open the
* hest, you need to put FOUR plant pieces in the right place. You will leam abou how plants grow, and
sfter doing each Jesson, you wi ear o plent plece! Eam all FOUR glant pisces to open your chest,

Figure 3.2. Introduction Page.

Yites it ek s b 1 o 10 Y next page.
Vi Bre ot b 19 250k 198 Ualon Wl U
Favisdy your Provious page. Yo Tan ek Pes
ot 56 o back fo Ihi previcus page. i yon
Gk TS o, you Wik need 10 90 8 ol the
previows page agabt i crder i cama back

PP H

Figure 3.3. Introduction of Interface.
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The ‘Content Construction Step was designed to help students build a
-conceptual understanding 'of photosynthesis and respiration. This step consisted of
‘four lessons taught by the computer avatar, Mandrake The Content Construction Step
of the Everyday Language program taught the scientiﬁc concepts only in everyday
: English , w1thout 1ntroduQ1ng any- sc1ent1ﬁc language‘ until all the concepts_had been
introduced. For example, the program taught studentsthe concept “of' “chloroplast’l by
: presenting the pi_cture ofa chloroplast and explaining “These are energy pouches.

_ Plants make their own food 1nsrde of each energy pouch w1thout yet 1ntroduc1ng the

term “chloroplast.” Although the Content Construction Step of the Hybrid Language

- program taught the 1dent1cal concepts» the content was taught szmultaneously in both

' everyday English and scientific language, similar to the way that science textbooks ‘
,v 1ntroduce sc1ent1ﬁc concepts Once the concept was 1ntroduced s1multaneously in both
everyday English and sc1ent1ﬁc language the program explained the same concept .v
- »ex'clusively in scientific language. For example the program 1ntroduced the concept of
chloroplast” by explainlng, “These are energy pouches. Smentists call this energy |
- pouch, a chloroplast. Plants make glucose m51de of each chloroplast.” However once
_ the term “chloroplast” had been introduced, the mstruction did not explain it in both
everyday and scientific language,y but rather used orzly the scientiﬁc term .
“chlorOplast."” | |

“The Language Instruction step was designed to help students master scientific
language used to describe photosynthesis and respiration. phenomena. This step

* Here “everyday Ehglish” defines everyday language that fifth-grade students used to explain the
concepts of photosynthesis and respiration in their own way. The everyday English was collected from
fifth-grade students in prior studies. Details are presented in the design process section. ‘

49



con51sted of drag-and drop quizzes language act1v1t1es and animated 1nstruction The
,Language Instruction Step of the Everyday Language program explamed the concepts ,
of photosynthe51s and respiration in both everyday and scientiﬁc language, s1m11ar.to :
. ‘ .'thelComent ConstructionStep of the Hybrid-Language'program. For example, the -
\program introduced the term _izglucose” by saying, f‘During photosynthesis, green’
. plants make their own food,‘ a type of sugar. Scientists callthissugar ¢ glucOse‘,.’.” The
, Language Instruction Step of the Hybrid Language program reintroduced the concepts o
of photosynthes1s and respiration excluswely in sc1ent1ﬁc language which had already
, been lntroduced in the Content Construction Step For example, the program
_ reintroduced the concep_t of glucose by saying,“Durmg photosynthesis, green plants B
v ‘ma_l‘(e glucosev ? | |
| The Explicit Sc1ent1f c Discourse Step was des1gned to provide students w1th |
- opportunities to apply their understandmg of the concepts to new problemsand to
- practice scientific language m different contexts. This step con51sted'of six science
~ experiments presented eXclusively'in scientific language. There was no difference
vbetween the Everyday Language program and the“Hybrid Language program at this
step, In this step, students were asked’to solve scientific problems related to
photosynthesis and respiration and their applications by conducting virtual
e‘xperime'nts. A series of .exp.eriments required students ,to provide multiple
explanations of their solutions. For example, one of the ei(periments asked students to H
‘conduct a “Virtual ei(periment to figure out Whether plants need carbon dioxide for

photosynthesis. With some guidance from the computers, students designed an
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experimént, formulated hypotheses, tested their experiment, observed results, and
provided a conclusion.

All four steps included visual representation, animation, written text, and audio
narration. With the exception of the language used in the Content Construction and the
Language Instruction Steps, the two programs had identical content and presentation.

Examples of the two programs are presented in Table 3.1.
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Table 3.1

Examples of the Everyday Language and the Hybrid Language Programs

Content Construction Step

Everyday Language Program Hybrid Language Program
“Do you see many green objects? These are “Do you see many green objects? These are
energy pouches. Plants make their own food energy pouches. Scientists call this energy pouch,
inside of each energy pouch.” a chloroplast. Plants make glucose inside of each

chloroplast.”

SRTRIG RS B POy D,

1a° #
tioklgted i b B el

A S

Language Instruction Step
Everyday Language Program Hybrid Language Program
“During photosynthesis, green plants make their “During photosynthesis, green plants make
own food, a type of sugar. Scientists call this glucose. Glucose is used by both plants and
sugar ‘glucose.” Glucose is used by both plants animals as a source of energy.”

and animals as a source of energy.”

SHE TL R g TEaeta w4 THE L emee e b fhs
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,Description of ‘the Computer Simulation Program and Weh Program o
_Aﬁer students: indiyidually studied the conceptsof photosynthesis and
‘ respiration using one of the computer programs, (either theE\re_ryday ‘Language
program or the Hybri’d Language program),‘ students in each treatment condition were
randomly assigned to heterogen_eous groilps of three members forproblem-'sol‘ving 'f‘ '
‘ activities for three sessions. In o_ther words, each triad consisted of three diverse B
. students with'different gender and English proﬁciency.-If the teacher observed that o
they‘would likely not work together well, s/he ‘switched_a student with one in another ,
- triad. EaCh triad was asiged to solve five scientific problem‘s by designing virtual |
R experirnents vusing a computer'prog‘ram ora simple’s‘vebsite.and then‘ to prov_ide"Written
answers toa se‘ries of questions in their' group workbook (Appendix A)L
| “In order to examine the effect of computer simillation, I designedand B
implemented a computer simulation program that allowed students to desi‘gn their’ own
. experiments and see the project results immediately. The compoter simulation |
program proi/ided a highly interactive learning environment that allowed students to
explore sc1ent1ﬁc concepts by manipulating v1rtual objects and testing different
‘ hypotheses The program ‘also presented different results in the form of animation,
graphs and numbers. The 51mulation program was carefully des1gned based on
. ‘ﬁndings from several pilot studies w1th ﬁfth grade students and ﬁﬁh—grade teachers.
As an alternative to the simulation program, I also designed a simple website
G that introduced the identicai content through video clips, static images, and text; these :
media were regularly used. for stud‘ents’ science projects. The website Was chosen as

an alternative bec'ause' this was a type of technology that the participating students
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were rnost: familiar with and with whichthey reguler_ly interacted. Tria‘ds inthe
Everydey-Simulatien and the H}"'brid_-Sirhublation_ groups u‘,sedb ihé computer simulation :
program, whereas triads in the Everyday-Website and the Hyhrid-Website greups used'
the website for their problem-solvihg actrvities. - |
Both the simulation program and the website consisted of ihfrOductory
animatiorr ahd four broblem-solvrng aetivities aboutv photosynthesis and respiration. .
Before the problern-solving activities began, both programs in,troc}_ivu'ced an avatar (Dr.
Science) Who exvp'lainedrthat he needed the students’ help to conduct scientific
',experirnerlts. The avatar 'therr provided a brief descriptier .of, how-td work in a group “
" and asked students to choose a re'le to play fdr-eeeh acﬁVity, such asa‘mouse- :
‘controller or a writer. The prdgram also taughr students abo.ut the hroeess of seientiﬁc “ 7
- rnqurry, sueh’ as makirrg a hypothesis.4 Afier the ihtrdduet'ion, four preblem;solving
aetivities were presented sequentially by the eyeta.r.' Irr eech ectivit};; the avafar
provided a brief descriptien ahout the probvlemb and qUestion 'prompts that would help o
- students design the experiments and solve scien'tiﬁc‘problerns. |
.Before using the'computerbpregram, each triad was asked to discuss and
: formulate hypotheses. Then, rriads in'the E\reryday-:Sirhuletion and the Hybrid-
Simulation groups were asked to soive a series of problems in their _vrorkbook hsing
the computer simulation program, whereas triads in the Everyday-Wehsite and the |

Hybrid-Website groups were @ked to solve the same problems using the website. In

* This introduction was designed based on findings from pilot studies, during which I observed students
fighting over a mouse to control the computer, and arguing over who should type the answers. Students
who were more outspoken and assertive were observed to take control of using the computer, including
manipulating the mouse and doing the typing. Therefore, to give each student a fair opportunity to
engage with the computer simulation, I designed the introduction about how to work together.
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addition to solving a problem, each triad was asked to provide written answers fora
series of questions in their workbook. | |
The purpose of problemv-solving‘ activities was-to provide students with '

' ‘multiple opportunities to explore the concepts of photosynthe51s and respiration and to |
engage in us1ng scientific discourse while work1ng on sc1ent1ﬁc tasks The first |
problem asked-each tr1ad to ﬁnd out how to keep both a mouse and a plant alive when
they put them ina glass box and closed 1t The second problem asked students to find

| out what k1nds of gases candles produce when they bum and what kinds of gases they |
need when they burn. In the s1mulation env1ronment tr1ads were asked to manipulate
d1fferent object_s, such as candles, water,'a moUse, or a_gl'_ass box, and-explore how to - ‘
saye both the mouse and the plant_. Aﬂer each manipulation, the computer asked |
students to provide their prediction,,ob.servation, eyidence, and conclusion, either :
orally or in writing.. B |

The third problem asked students to work with Bromothymol Blue, a special
dye that changes from its original color, dark blue, to green and then to yellow, based
on the amount of carbon dioxide If carbon dioxide is removed from the dye,
Bromothymol Blue changes back to blue Each triad was asked to find out how to turn

: Bromothymol Blue from green to blue and how to keep Bromothymol Blue green. by

using water snails and plants.' The problem students were asked to solve was to find - ‘
' how‘to,make the Bromothymol l31ue change from blue to yellow and from yellow to

, blue by manipulating light, pond snails, and plants. The computer provided guiding

questions to help students test their hypotheses and effectively‘ engage in a discussion.
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In all three of these problem-solvrng act1v1t1es both the srmulation and the
altemative websne prov1ded a brief description of the setting in written form In the ‘ '
computer simulation env1ronment students were prov1ded with v1rtual controllers
such as the “test” button and the “reset” button tocontrol their experiments and
‘v1rtual materlals such as amouse, a plant and llght to design the1r experiments
Students were able to construct the1r own experiments and to test their hypotheses by
manipulatmg v1rtua1‘mater1als and controllers,. For example, studentswere able to drag
different ‘v‘irt‘ual materials into a‘desired position; Once they clicked the “‘test” button, |
the program showed the results' of their experimentsby animating the phenomenon in; :
M the position. Once the results were presented students were allovyed to clickthe

“reset button and start their experlments over No wr1tten feedback on the

: performance or the results of the experiments was prov1ded In the webs1te

env1ronment students were prov1ded w1th e1ther v1deo cl1ps that showed all the results B

- of p0551ble hypotheses or static 1mages of the result, both of which were d1rectly
: captured‘ﬁ'om.the simulati‘on program.' | |
The fourth problem was more complicated than pr.evious problems:"it asked |

students to find the relationships among light, intensity, the amount of carbon dioxide,
and the amount of oxygen produced durin'g"photosynthesis. In the computer simulation

: enyironment, students were provided with 1) a virtual laboratory where'they

| manipulated variables and watched the animated results, 2) t\yo input variables (light -
intensity and the amount of carbon dioxide),‘ 3) two record controllers (“recordf"and
c¢¢lear data” buttons), and 4) multiple forms‘of displays (text graph, bar ‘graph, and “

data charts). Students were able to control different input variables, such as light
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intensity and the amount of carbon dioxide, and observe the amount of oxygen
produced based on their actions. The results were presented in multiple representations,
such as graphs, animation, and tables. They were also allowed to record their
observations and design a graph or a table to find a pattern between these two
variables. Examples of these problem-solving activities are presented in Table 3.2.
Students in the Everyday-Website and the Hybrid-Website groups used the website

that presented the complete graphs and tables captured from the simulation program.

Table 3.2

Examples of the Problem-Solving Activities and the Computer Simulation Program

Problem-Solving Activity 1 Problem-Solving Activity 2
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Design Process of the Science Instruction Programs

The two science instruction programs, the Everyday Language and the Hybrid
Language programs, were carefully constructed based on findings from previous
research study (Brown & Ryoo, 2008) and two pilot studies, the design of a
photosynthesis curriculum, and my own classroom observations. Three different
versions of the programs, all known as the Science of Wizardry, were created over the
course of four years. Each of them was evaluated with different groups of people and
revised based on the findings of the pilot studies and several learner studies, as well as
observations of students’ interaction with the programs. Table 3.3 below provides an
overview of the three versions of the programs, including the topic, narration, length,

and the sequence comprising each version.
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~ Table 33

- Overview of the Three Versions ofthe Science of Wizardry and the F indl Vé_rsi'on i

- First Version

Science of Wizard :

" Second Version

Third Version

. Dissertation

Technology
Final Version

- Topic

Narration

' Length

- Introduction

S'teﬁ 1:
Content

~ Construction

| .Step 2
Language
Instruction

Steb 3:
Explicit
Discourse

e Process of
Photosynthesis

o Aduit Voice only

e 30 min

- Mission of the

Program "

" & Quiz Format

® 6 Questions and '
Answers

. Drag and Drop

_ Quiz

" e5 nguage

Activities

® Processof -
Photosynthesis *

- o Function of

Plant Parts
_related to
~ Photosynthesis

o Adult Voice
(Mandrake)

« Children’s Voice e Children’s Voice

e 120-150 min

e Mission of the:
Program

. Quiz Format

_® 14 Questions and

‘Answers -
¢ 3.Virtual
--Experiments

* o Drag and Drop

Quiz
o 6 Language .
Activities

" e 7 Virtual

Experiments
with Guidance

‘e Process of

Photosynthesis ‘

» Function of
Plant Parts

~ related to

.- Photosynthesis

e Adult Voice
(Mandrake)

e 120-150 min

. Mission of the
Program .

' Game Format
e Logging
Function

] 14-Que_stion§ and -

Answers

3 Virtual

Experiments

"o Drag and Drop
Quiz.

* Logging -
Function

e 8 Language
Activities

e. 7 Virtual
Experiments
with Guidance

* Logging
Function

e Process of )
Photosynthesis

e Process of

Respiration
e_Function of
Plant Parts
- related to
Photosynthesis
and Respiration

o Adult Voice only

"~ o 180 min

« Mission of the
Program .

‘ o Interface of the

Program

) Lecttqubrmat‘
¢ 4 Lessons

¢ 2 Drag and Drop

Quizzes
¢ 10 Language
Activities

e 7Virtual_'

~ Experiments
with Guidance
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Cycle 1: The Science of Wizardry 1 (September 2003 ~ June 2004)

1.1 Implementing a design '

Initial des:gn The first version of the science instruction programs (both the |
, Everyday Language and the Hybrld Language programs) was created between
September 2003 and June 2004 in fulﬁllment of my Master s prOJect. The first version .
was designed to teach the concepts of photosynthesis to ﬁﬂh-grade langiage minority
students whose ﬁrst language was not Enghsh and who spoke a language other than
: Engllsh at home. Photosynthes1s was chosen as a currlculum unit because itis a very
- complicated sc1ent1ﬁc phenomenon and 1nvolves a number of scientiﬁc terms. The
content.of the program was developed based on the fovllowmg materials: the,Califomia .
Science Standards, a review. of lesson plans and chapters of science tethooks about
photosynthesis that were available online at the time and in the Stanford’s Teacher
Education library, and a reviewvof the existingeduCational technology; such as online
tutorials; games, and simulation programs. | “

During the character design process I'showed different versions‘ of the
possible characters to help teach the sc1ent1ﬁc concepts to twenty ﬁﬂh- and s1xth-
grade students in an aﬂerschool program in Redwood City . and asked them to rank
them for their. preference. Based on the types of characters students were most fond of, |
I created all the characters used in the program. For the"development of "‘every'day
language,” I interviewedthe same twenty students about their understanding of
photosynthesis in order to explore how they described the cioncepts in everyday
language. The interview consisted of three main questions about-theoverall process of

photosynthesis, the three elements plants need for.’photosynthesis, and the byproducts
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of photosynthesis. Then, I asked each student to explain the definitions of scientific
terms related to photosynthesis, such as oxygen, and how each term was important to
plants. I recorded each student’s use of everyday and scientific language to describe
photosynthesis and found several everyday terms that many students used to articﬁlate
their understanding of photosynthesis. For example, most students described “carbon
dioxide” as “air that we breathe out” and “a type of gas we breathe,” and “oxygen’; as
“air that we breathe” and “clean air.” Based on these everyday terms, I created the list
of “everyday language” as an alternative to scientific language and created the
program. The following table presents the list of everyday and scientific terms used in

this study
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Table 3.4

Everyday Ter_rns and Scientific Terms Used in the Study'«

- Scientific Term

Photosynthesis

~ Carbon dioXide v'

Photons :

Oxygen

- Glucose.~
Chlorophyll
. Chloroplast -
Stomata
Respiration
Water vapor

Phloem

Xylem )

Everyday Term
The process which plants make their own food -

Gas that humans and animals breathe out
Gas that plants breathe in '

‘Energy'from light

Light energy
Small particles of llght that have energy B

Good gas that humans and ammals breathe'in

" Gas that plants breathe out.

A type of sugar

Plants’ food

Green objects that capture light energy
Green pigment that take in light energy

o Energy pouich where plants make the1r own. food

Small holes on the leaf thattake in and out gasses.

Breathing process

The process which plants use energy and breathe

* Water that plants make during the breathing proc‘ess

A thin tube that carries sugar (or plants’ food) from the leaves to other parts
of the plant - ‘ , .

A thick tube that carries water from the roots to the leaves

Before implementing the design, a number of storyboard and user scenarios ‘

 were created-and evaluated by graduate students at Stanford, science educators,

elementary school teaehers, fourth- and fifth graders, and‘instru_ctional designers.

Based on feedback from a variety of user,groups, I modified the »storyboard and

“implemented the design.
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- Design of the program. ”l'he first version was created based» on a teaching
' approach called the ’Directe‘d Discourse Approach to Science Instruction (Brown, - -
| 2004). This instructional methodology was designed to provide students with both
conceptual and linguistic,support for science learning though four instructional stages. -
. The first stage of this methodology, the “Pre-Assessrnent Instruction”“which m‘easured
stUdents’ prior knowledge of scientific concepts, was not included :in the'Science of
: wizardry. Both the Everyday Language and the Hybrid Language prograrns 'consisted _
of four steps 6y Introductlon (2) Content Construction (3) Introduction of Explicit
‘D1scourse and (4) Scaffoldmg Opportun1t1es for D1scourse Except for the language :
used, the Everyday Language and the Hybr1d Language programs were 1dent1cal in
: terms of content and v1sual1zatlon
The Introduction Step of both programs used aninration to introduce the
mission of the pr’ogram."5 Ho‘_wever, the ‘ﬁrst version of the program did not provide
any instruction. on how to navigate the program interface. ”‘l'he Content Construction -
iStep _taught the process of photosynthesis ina quii format. vIn other words, the
| program aslced students six questions regarding how plants grovv,‘ and based on a
student’s answer, the program provided detailed instruction about the concepts heing
- asli<ed (Figure 3.4). In this step, the Everyday Language program only used everyday -
“ language to teach photosynthesis; while the Hybrid Language program simultaneously
used both everyday and scientific language (hybrid language). The first version of the
* programs did not teach the function of plant parts, such as stomata and chloroplast, but.

only focused on the overall process of photosynthesis.

* The mission of the three versions was the same as the one in the final version.
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Here is what we know: You've leamed that green plants make their own food by
. themselves. You aiso leamed that they need light, water, and air that humans and
animals breathe out to make their own food.

Where do you think plants make their own food?

i think plants make their z%
EY

.

- § think plants make thels ; Plants make their own 3
!ood in the!r Sle& ? - food in thelr laaves! y

o g

Good try. but plants do not make their own food in their i
N roots. They use rools to take in the water from the soit.
Let's try again!

Finna prgenis ook et

owh food in {heir rooks!

H
s

{ think plants make their | i p;ani,;, make their own |
fcod in !h"ir stems, § : food in their leaves! |

B s i

A : S — ¥

Figure 3.4. Content Construction Step of the First Version.
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The third step, Introduction of Explicit Discourse, was designed to help

students build connections between everyday language and scientific language. In this

step, students were asked to drag and drop words related to photosynthesis in the right
positions. Once all the words were put in the correct place, the program introduced
how the same concepts can be explained using scientific language (Figure 3.5). For the
Hybrid Language program, the program vonly used scientific language. The Explicit
Scientific Discourse Step consisted of five language activitiies which helped students
acquire new scientific language through multiple activities. For example,k one of the
language activities asked a student to create a sentence about photosynthesis by

dragging and dropping the given words (Figure 3.6).

. Sugar |

Water

Alf tseans
bresihe out
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{Ae humans Breathe guty
Piants take wi the air that ivimans d1eaths vt when they make ther owr: faod
e ® Scienksts cail s e ” -
entess thee feaf rough tny holes on tho 'eal.

Chek ancther box o lear more azout !
Whaen ynu are done vidh each bos Cach the Mandrzke 1o 5o (0 the rext siop

Carbron
Dicxide
mfamuf

Figure 3.5. Introduction of Explicit Discourse Step of the First Version.

rag bubbies into the gray spots and .
make the sentence that describes
what you think is happening in the
drawing,

Place the period bubble at the end of
the sentence when you are donet

H you neats a hint, click Witly,

tokes 50N from oxvgen  tree

Figure 3.6. Explicit Scientific Discourse Step of the First Version.
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1.2 Evaluating the Design

In order to examine the impact of teaching science in everyday English on
language minority students’ science learning, I conducted a pilot study with ten third-
and fourth-grade language minority students whose first language was not English and
who spoke a language other than English at home.® The participants were equally
divided into an experimental group (taught in everyday English prior to the
introduction of scientific language) and a control group (taught simultaneously in both
everyday and scientific language) by gender, grade, and race. According to two
reading teachers who worked with the students, all participénts had a low fourth-grade
reading level.

The study employed a pre-posttest design with four dependent measures: 1)
conceptual understanding of photosynthesis described in everyday English, 2)
conceptual understanding of photosynthesis described in scientific language, 3) ability
to explain concepts of photosynthesis in everyday English, and 4) ability to explain
concepts of photosynthesis in scientific language. All participants took a pretest that
consisted of Six multiple-choice questions about photosynthesis: three in everyday
English and three in scientific language. They were also asked to explain five
everyday English words and five scientific terms related to photosynthesis. Students
were asked to explain how each word was pertinent to plants and to give the reason for

their answers.

® Third and fourth graders were chosen as participants of the study instead of fifth graders since at the
time of study, most schools I had access to had already taught the concepts of photosynthesis to their
fifth graders.
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Upon complet1ng the pretest students in the exper1mental group recelved
1nd1v1dual interactive science 1nstructlon usmg the Everyday Language program
~ which taught the concepts of photosynth651s in eVeryday English prior to 1ntroduc1ng"'

| scientific language. By contrast students.in the control group-receiv'ed the science'

N o 1nstructlon usmg the Hybrid Language program which taught the same sc1ent1f1c

concepts 51multaneously in both everyday and sc1ent1f1c language The soﬁware 1tself |

"requ1red approxim'ately 30 minutes for c‘ompletlon.vAﬁer the sc1ence 1}nstructlon, all -
- participants completed 'theirposttest on the same day. . |

o Results revealed that teaching: science in'everyday English‘ prior to introducing
scientiﬁc language imprOVed language minority students’ understanding of scientiﬁc .
: phenomena and the1r development of sc1ent1f1c language more than teach1ng science in

,hybr1d language Students in the exper1mental group demonstrated a more complete

| : understandlng of the concept on the posttest in both everyday Engllsh and sc1ent1ﬁc

language than those in the control group They also showed a superior abllity to
articulate their sc1ent1ﬁc knowledge usmg both everyday Engllsh and sc1ent1ﬁc

« language when compared to students in the control group

13 Inrplica’tionsv :

The findmgs of the pllot study showed the potentlal of teachmg sc1ence in |
everyday Engllsh and encouraged further- development of the program in order to help o
ELLs develop the1r understandmg of both the content and the language of sc1ence By "
observmg student interactions with the computer programs and exam1n1ng student

g ‘performance, I found several ways to strengthen the content and the des1gn of the
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Science of Wizardry. First, I determined that the future program should implement a
longer version of the curriculum that teaches the concepts of photosynthesis in more
depth, including the function of plant parts and details of how each plant part related
to photosynthesis. Second, the future program should provide more activities to help
students bridge the divide between scientific concépts in everyday language and
scientific language, and should also provide multiple opportunities to use scientific
language in different contexts. The first version of the program provided a limited
number of activities to improve students’ understanding and use of scientific language.
For example, the second step of the program (the Introduction of Explicit Discourse)
provided only one activity to make the transition from everyday English to scientific
language. Similarly, the language activities in the last step éf the program (the Explicit
Scientiﬁc‘Discourse) helped students remember scientific terms, but this step did not
allow them to articulate their understanding of photosynthesis using scientific
language. Third, the future program should give students limited control in navigating
the program. In the first version, students were able to move to the next page without
listening to or reading the necessary narration. I observed that several students were
interested in clicking buttons on the page and finishing the program as soon as

possible, without reading the text and listening to the narration.
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Cycle 2: The Science of Wizardry II (September 2004 — September 2006)

2.1 Implementing a Design
The second version of the Science of Wizardry was constructed based on the

findings of the first pilot study, the design of a photosynthesis curriculum, and
classroom teaching with Dr. Bryan Brown. More specifically, collaborating with a
fifth-grade teacher, we developed a science curriculum on the concepts of
photosynthesis and taught that curriculum to one fifth-grade classroom. During this
process, we included more concepts of photosynthesis, including the function of plant
parts in phétosynthesis, and designed more activities to help students use scientific
language in different contexts, such as a related lab activity. We used our lesson plan
as a model to create the computer program and developed interactive activities that
paralleled the photosynthesis curriculum that we introduce& to the same fifth-grade
class. For example, when we taught the students in the classroom the function of a leaf
in photosynthesis, we showed how different parts of a leaf looked in a microscope. In
order to provide the same experience in our computer program, we designed animation
that provided magnified images of a leaf, which resembled the experience students had
in a classroom. Table 3.5 illustrates the relationship between the activities used in the

lesson and the parallel website.
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During the classroom teaching, we also collected students’ responses and their
ways of explaining photosynthesis, and used their own responses to create the
narration of the program. In addition to using students’ own responses, we also
recorded students’ voices for character narration to create a more engaging ieaming
environrﬁent. For Mandrake’s narration, we continued td use an adult voice because
Mandrake was a character designed to teach students the concepts of photosynthesis.

Another change we made was to develop more language activities for the
second step in order to help students make connections between everyday and
scientific language. We moved the language activities from the third step to the second
step. And for the third step, we created virtual experiments which allowed students to
conduct a variety of scientific experiments with guidance from the computer and to
use scientific language to explain their understanding of the concepts and provide
reasoning behind their answers (Figure 3.7). For the second version of the program,
we also limited students’ control of the program. In order té stop students from
moving to the next page before the narration was complete, we designed each page to

show a button to go to the next page after the narration was played out.
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After the glass box was closed. the mouse did not dig! It actually lived & long time and sontinued
ta grow kanger. The plants in the box also ived and grew. Why did this happen? B

“e mouse did Aot dis because|

T glant grew because]

. What will happen? .

Figure 3.7. An Example of Virtual Experiments in Step 3.

2.2 Evaluating the Design

The second study was an experimental study with 49 fifth-grade students from
two classes. Nineteen students spoke English at home, while 30 students spoke
Spanish as their primary language at home. Using an intact-group comparison design,
students were randomly assigned to an experimental group (taught in everyday
English prior to being introduced to scientific language) or a control group (taught
simultaneously in everyday and scientific language) within each class. Prior to the
study, all students took a pretest which consisted of 18 multiple-choice and six open-
ended questions. After completing the pretest, students in the experimental group
received interactive science instruction from the Everyday Language program that

taught photosynthesis in everyday language prior to introducing scientific language.
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By contrast, students in the control group studled the same concepts us1ng the Hybrld :

- Language program which taught the sc1ent1ﬁc concepts 51multaneously in everyday

- and sc1ent1ﬁc language (hybr1d language). Aﬂer the instruction was completed, all -

particlpants took a posttest and part1c1pated in an 1nd1v1dual 1nterv1ew
. The results revealed that students taught in everyday Engl1sh prlor tothe = |

: introductlon of scientific langiage demonstrated a 51gn1ﬁcantly greater 1mprovement
in hoth their':understanding of.ph'otosynthesis (p=.04l6) and their use of scientiﬁc N |
A‘ language (’p_%oon when compared to students taught in’hybrid language..In particular,
the efl"ect of teaching science in everydayEnglish was even more apparent in»students’
' written responses. Students in the experimental.group provided more concrete |

" elaborate answers usmg both everyday and sc1ent1ﬁc language than those 1n the

: control group (p— 012) The analys1s of students use of different d1scourse (everyday,

sc1ent1ﬁc and hybr1d) dur1ng the 1nterv1ews also: revealed con51stent ﬁndlngs such as

. that students in the experimental group used not only everyday and hybr1d d1scourses o

‘ more correctly than those in the control group,v but they also showed a greater ab1l1ty, -
to use ,Scientiﬁc discourse to- articulate their understanding of photosynthesis. The
quantitative results of this_study have heen published in the Journal ofResearch in
Scicncé Te eachi‘ng (Brown & Ryoo) and theoualitative results will be available 1n the

~ International Journal of Science Education.

2.3 Implications
“The results of the second study suggested that teaching science in everyday

Engllsh can be an effect1ve approach to 1mprov1ng students conceptual understandmg
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of complex scientific concepts and their use of scientific language. From the
observatidn of students interacting with the program, we noticed that students were
very engaged with the program because they thought it was a game rather than science
instruction. Every time a student answered a question correctly, s/he was able not only
to move to the next topic, but also to make Mandrake grow a leaf, which would
eventually help save Mandrake’s friend, Wendy, from the wicked witch. Students
showed a great deal of interest in growing Mandrake’s leaves and compared the
number of leaves in their Mandrake to that of their friends. This observation indicated
that designing educational science games may increase students’ motivation to learn
science and improve their science learning, ultimately making it more effective.
Another interesting finding was that a number of students were sharing their
thoughts and asking questions of students next to them, although the students were not
supposed to talk to others during the study. This observation raised a question about
whether collaborative science learning would enhance ELLs’ science learning more
than individual learning. In addition, during the interview, some students still
demonstrated confusion about certain scientific terms, such as chlorophyll, and they
were unable to use scientific language accurately to elaborate their understanding.
Since one of the goals of the study was to improve students’ use of scientific discourse,
I became interested in whether collaborative science learning would help ELLs engage

in scientific discourse.
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Cycle 3: The Science of Wizardry 111 (September 2006 — March 2007)
3.1 Implementing a design

The purpose of the third pilot study was twofold: to examine whether
collaborative learning would enhance students’ science learning more effectively than
individual learning and to explore how we could increase students’ use of scientific
discourse. Based on the findings of the second study I conducted during cycle II and
my observations of students interacting with the program, I created the third version of
the Science of Wizardry in a game format. When students étafted the program, they
were asked to create their group name and a password, and the program showed each
group’s score at the top of each page. Whenever students answered a question
correctly, they received 10 points. If their first attempt was incorrect, they would still

have a chance to find the correct answer but did not receive any points (Figure 3.8).

PLEASE READ THIS CAREFUALLY! Today you and your friends wil play some game. There will be oy
some questions your team neads to solve.

Each correct answer will carn your team 10 points, One tears that will e the highest seore will
win the final prize.

In erder to solve the questions.
13 youy tean membess need fo talk to each other and share what each pemon Sinks.
23 yote abse need to fisten carefully to eadd odher's opinion and discuss %o find the correct answers.

Share what you think, lsten to exch other, and discuss the solution 25 3 team. Good ludk!

When you are ready, write dJown your éeam name and click the START button!

Scare:
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Name: Stanford Score: 0

Excellent! This is the leal. The main function of the leal is to make the food the
plant needs {o live!

Stem Roals

Figure 3.8. Game Format.

Collaborating with a fifth-grade teacher at a local elementary school, I
conducted four interface designs of the scientific experiments in the third step in order
to increase students’ discussion about scientific phenomena and to provide students
with multiple opportunities to use scientific language. First, some experiments asked
students to make a prediction by choosing one of the hypotheses provided, which was
similar to a multiple-choice test (Figure 3.9). Second, some experiments asked
students to type their predictions and findiﬂgs. Students were not allowed to move to
the next page until they typed their answers (Figure 3.10). Third, another experiment
asked students to record verbally their predictions and findings by clicking the record
button (Figure 3.11).” Finally, other experiments asked students to write down their

answer on a worksheet that they shared.

7 Although the program did not actually record students’ answers, students believed that the program
was recording their answer.
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;icrw that the glass box is completely closed, Mothing can get in or out of the box. What
do you think is going to happen?

| think both the | think the plant 1 think the £ tnink the plant 1 do not think
_ mouse and the #ilt oniy dis. mouse will only vl grow and the _ anything will
i plant will die. ig. mouse witl be happen.

37ve.

; What will hapgen?

Figure 3.9. Multiple-Choice Format.

@ wilt close the glass bok, Once itis closed, no air can gét' inar out of the box, What
b you think will happen to the flame? What do you think will happen lo the plant?
| think thal...

our Angwer:

R LT

Figure 3.10. Typing Format.
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Good iAﬁeryeu dropped e methymﬁ '6IIBVEue, the coi&? became bkxeﬂromthymolBlue T
changes from blue to - .. when carbon dipxide is added. How can we add carbon
dioxide 1o the dye? Discuss it with your friends and record your enswer

Figure 3.11. Recording Format.

k]

The last design change was a logging function; in order to understand students
thinking patterns and explore their understanding more deeply, I created the third
version of the program which automatically logged students’ data as they interacted

with the program, such as clicking or typing, and sent the information to my database.

3.2 Evaluating the Design

In order to examine the impact of collaboration on students’ science learning
and to explore the best design approach to enhance students’ use of scientific
discourse, I conducted a pilot study with 12 fifth-grade students at a local elementary
scﬂool. Six were ELLs, while six were EPSs. Half of the students were male and half

were female. Students were randomly assigned to a heterogeneous triad stratified by
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.' _Y gender and English proﬁciency. Before the study began, each student took a multiplej ;
choicepretest. After the pretest each triad participated in five consecutive science |
k ‘se551ons about photosynthes1s (an hour per day) and rece1ved 1nteract1ve sc1ence
instruction from the Everyday Language program Dur1ng the sesswns each trlad’s
‘ 1nteraction and dlscussions were =v1deotaped. After all six sessions were_completed,
‘each student took a postte‘st that was identical to the pmtest. R
The observatlon of each tr1ad revealed several 1nterest1ng ﬁndmgs F1rst
collaborative learnmg‘dld not appear to be as effectlve as expected in terms of
| enhanclng students sc1ent1ﬁc knowledge Although students in each tr1ad were
‘ supposed to dlSCUSS thelr 1deas'before select1ng a correct answer, there was always a
’ student who was left out For example fast readers oﬂen chose the answer they
N thought correct w1thout consultlng the other members Outspoken students dom1nated o
the conversatlonvand controlled the program»,,} while quiet students were 'oﬂen ignored.
Ifa triad consisted of one EPS and two ELLs who spoke the same language, those‘ two
: ELLs oﬂen used their native language and did not include the EPS in the COnversation.
" Those students whowere 'ei'ther.‘ slow readers or less active participants didvnot have
enough time to digest the lessons and were t"orced to move fOrward_before they fully
understood the concepts. - . o | -
| A related ﬁnding was that'the game environment a'ppeared‘ to cause a huge
tension between the group members.' Because students received 10 points when they
answered,a question' correctly, there were many arguments about who should decide
which answer ”would be correct. Without providing any evi'dence to support ftheir claim,

" students were often arguing that their answer was correct, and outspoken ones always.
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ended up deciding the answer. This point system also create'd a competitiveleaming .
environment rather than a collaborative one. Because of the point system students in
each tr1ad were very sensitive about their scores and blamed each other when they d1d‘
not answer a questlon correctly and received 0 pomts

The four different de51gn approaches to enhance students buse of sc1ent1ﬂc

diseourse also revealed mteresting results. The mult1ple-chorce des1gn4approach

- _wh1ch asked students to choose a prediction from the given cho1ces was the least

- effective approach because students just selected one of the options w1thout sharmg

ideas,with each other. By contrast the typing approach increaSed students.’

conversation not only about the content of the1r answer, but also about its lmgu1st1c

aspect For example, students d1scussed what the1r answer should be and how to spell

“certain words, such as carbon dioxide. Students were help1ng each other develop the

best answer to each quest1on However, students were oﬂen dlstracted by the typing.

itself and ﬂghtlng over who should be typing answers. Another problem of the typmg

V approach was that most of the fifth graders were extremely slow at typmg words using

the keyboard Typmg a long sentence was a challeng1ng task for every triad, and it

therefore took longer for the 1nstruct10n Although the recordmg approach encouraged

students to speak about scientiﬁc ideas using scientific language more oﬂen, students
frequently took turns to record their answers instead of discussing them before |
recording them. An interesting observation was that EPSs often corrected ELLs’
pronunciation and gramrnar. Themost'effective approach was to ask students to write
down their answers on the worksheet. Similar to the typing approach, students more -

actiyely engaged in discussions about both the content and the language of their
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answers. Although students did not enjoy writing down their answers on the paper, it

was certainly easier than'typ_ing their answers nsing the keybo‘ard‘.'

- 3.3 Impliéatiohs
.‘ F innings of tne third pivlot study snggested that a cqlléhofative learning _
apprnach would not be best to help Students build a qonnepmnl nnderstandin‘g of -
- scientific nncnomena in tnis .tenhnology-enhanCed éﬁnvironmént‘;bécéusé/of‘vthe |
L differentr iéaming bacé'o.f each stndént. In particuiér,iELLs néeded more time to read |
»' | the text‘bn Jt‘hé screen than EPSs, andthelr ideas were Qﬂén ignored dnring the -
: dviscussions'. Another interesting ﬁnding is that the game fqnnaf of thé program did not -
~ enhance st_ndénts’ vlearn'ing' in.aCollabdrfaﬁVe environment béénuse it created tension :
- betwéén group rncmbers and irn:l'evyant arguménts about who should be contr‘c'j)lling ‘the‘
c’om‘puter.A L - | | |
| Howevér, ‘working on ‘sc.:ie{ntiﬁc‘experiments_ in groups was found to be more
veffcctive than working individually because it prnvidéd stncients}nvith more
oppdrtunit'iés th talk about science and tn use scientific langnagé in differént forms,
sucn as a question é.nd an argumenf. Students also built their scientific knowledge ;on
‘each othcr’s‘ ideas and often correéted eann otherv’é English skills; such as spelling and
gré.mma_f. Among several design approaches,' v‘vriting‘answers on tne workshg:et,was | |
fonnd to be moét effective and pragtical, given thé typing :level of fifth gréde'r':s.‘ -
These ﬁndings indicated several suggestions to strengthen the program. First, I
'4 _ determined that the future program should ndopt a néw format for science instruction

“because the game format or the quiz format of the instruction made students think that
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” they were playing a game rather than studying science, ‘which made them more ,
_interested in finishing the “game” to see the ending hyclicking‘any -obj_ect on the page. :
~Second, the indlvidual learning approach c_an be more effective when students first |
‘ study newconcepts of scientific phenomena, vyhile‘ collaboratiye learning -cancreavtv'e a-
’ “more effectiye,environmentr when students work on a scientific task which requlres B
- "thcmto apply their scient'iﬁcideas to new problems.
B Based‘onvthe fmdings of the third study, 1 developed 'the‘nc\»av version 'of the
R ‘Content Construction step, which is now ina lecture formatvrather thanaqu'iz ora

game format, and also included one more science unit, respiration.

. l)esign Procéss of'thev C,omput'er Simulation Program '.
Theicompute_r simulation program yvas carefully desi_gned based on findings
. .from‘two"pilot 'studies and seyeral user tests I previous1y conducted between 2007 and :

’ 2008 the des1gn of a workbook for problem solv1ng activities, and classroom |
| observatlons Two d1fferent Vers1ons of the simulation program were created, and each
of them was evaluated by flﬂh grade students, graduate students at Stanford and a |
) ﬁﬂh—grade teacher at a local elementary school Table 3.6 below prov1des an overv1ew '
of the top1c narration, length, and the- content of each version of the simulation

program.
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Table 3.6

Overview of the Three Versions of the Simulation Program

First Version Second Version Final Version
Number of Simulations 4 e 5 e 5
Number of * 4 *5 e 5
Problem-Solving Activities
Instruction about How To o N/A e N/A e Animation
Work Together
Instruction about How To e N/A e Animation e Animation
Conduct Scientific
Experiments
Instruction about How To Use e N/A ¢ Instructional ¢ Instructional
Simulation Program ' Video Video
Narration : e Adult Voice e No Narration * No Narration
Workbook * No Workbook e Partial Workbook e Full Workbook

Cycle 4: Computer Simulation I (August 2006-August 2007)

4.1 Implementing a design

Initial design. The first version of the computer simulation program for
problem-solving activities was created based on a review of lesson plans, problem-
solving activities, and hands-on lab materials on the topics of photosynthesis and
respiration in both English and Korean, all of which were available online. Because of
the limited number of existing simulation programs regarding photosynthesis and
respiration, I reviewed all existing computer simulation programs across science topics,
such as biology, chemistry, and physics. Based on these reviews, I designed five
activities whose procedure steps were not overly complicated for fifth-grade students.

Because most elementary school students do not have much experience with scientific
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experiments it was important to design the simulation program and problem-SOlving
activities in ways that my target students would be able to understand w1thout any
| detalled guldance from a teacher ora computer The first version of the s1mu1at10n
' "program,cons1sted of four problem-solvmg act1v1t1es w1th small s1mulatlon programs.
Before conductmg a pllot study, the ﬁrst vers1on of the srmulatlon program
was evaluated by a dlfferent group of people mcludlng Stanford graduate students
- computer programmers teacher educators and pre- serv1ce teachers Based on
* feedback from a varlety of 'these_ user groups, the, interface of the. srmulatlon__ program -
was modified.
’D'esign of the program. The first version of the simulation program consisted
“of four problem-solving activities and small simulation programs described in the
earlier section (pg. x). The last problem-solving activity regarding the’ relatlonshrps
among the amount of carbon dioxide; light intensity, and photosynthe51s was not part
. of the ﬁrst version. The only difference between the first version and the final version

of the program was the fourth simulation used in the Bromothymol Blue experiment. '
The first version of the fourth simulation presented a lab-note page next to the

~  simulation program, which included a series of promptlng questlons and asked

students to record verbally their answers (-
F1gure 3. 12) Other than the fourth simulation, the ﬁrst and the ﬁnal ver51ons were

: , 1dent1cal_.
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esih hubee 18 s, L weEns there is
e 111 This wrsler. (Type your answer)

We will test for the presence of carbon dioxide and oxygen in|
named Bromthymo! Blue. Bromothymo! biue changes HOM By iy 4 piant i tute A, B, E, and F. Pl a pond saait in tbe B,
dioxide is present. The color will be back to blue if carbon ¢fe, F, and G. Fut  fight & ore of e ssitings.

aiready dropped some of Bryomthymol Blue into each bol
change.

1} Which tube will change calor from
with your friends and record your

~12} Explain why you fhink these twhes will becoma yeliow.

} Whith b wil ehange coli from i1 0 Blue? Discuss
ith your fiends and rocord your o

14} Explaio why you tink these hidas wilt becom blue.

Figure 3.12. The Fist Version of the Fourth Simulation.

4.2 Evaluating the Design

The purpose of the first pilot study was twofold: to examine whether the use of
computer simulation can engage students in the use of scientific discourse and to
explore how triads work together with the simulation program. The study involved
nine fifth-grade students whose parents provided consent for their children’s
participation. Five of the participants were intermediate ELLs, and four were EPSs.
Students participated in five hour-long, consecutive sciencé sessions in the library
after school for five days.

Students received individual science instruction from the Everyday Language
program and studied the concepts of photosynthesis for three sessions. For the last two
sessions, students were assigned to a heterogeneous triad based on their English

proficiency and gender. Each triad was asked to solve two problem-sblving tasks (the
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third and the fourth experimente) using the computer simulation program. Each fﬁad’s ,
' viriteractions and discessions were Videotaped. |
| , Findings of the sfudy demoneﬁate that eondlicting ﬁrtual experiments without
r'step-by-step guidanee Was a challenging task for fifth-grade students. All three triads
| had difficulties with deeigning'experiments e.nd testing theif hypetheees. Aecording to.
- their teecher‘,'the participanfs did not have mueh experie'nce in 'eciehiiﬁc ineuiry in the |
B cIassroom. The'simulefion‘ program allowed studehts to manipulate viﬁual objects andr
show different results based:on tileir design; but students did'not draw eonclusione‘
' ‘from“theivr scieﬁtiﬁe results. By contrast, stucienfs performee better on the fourth
| v"preblem Wthh _f)royided eromptihg questions. Students used the pfempting questiof_ls .
as gu_idance to ’c‘i‘_esignvtheir ey.cp‘efimer‘lts." However, similai‘ to ﬁndings from the
- » previous study, students took turns recerding thei:r“anSWers without sharing thoughts :
. and did not engage in much dieeﬁssieh. Another interesting ﬁnding Was that all three
| triaeis epeht a lot of their}ﬁme discussing who should control the mouee but none of

-them wanted to write down their answers on the worksheet. _

4.3 Intpiicqtions B
‘T‘he resu_lte of this study indicated that in erder to help students slee‘scientiﬁc
problems with the simuiation pfegram, the program needed to teachstudeﬁtS how to
,, werk collaboretively, es well as how tev‘eonducyt scientific inquiry. .OBservation of
student interactione clearly showed that':stud.ents were not comfortable taking turns
~ while werking,on their task and were not,‘ familiar vyith designing seientiﬁe

experiments. Similar to previous findings with triads, students in every triad spent.a
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large amount of their time arguing about who should control the mouse and who
- should type an answer. When they were supposed to discuss their ideas for problem-
solv1ng act1v1t1es outspoken students oﬁen dominated the conversatlon and made -‘ .
dec1s1ons W1thout 1nput from the other members Also there was always one student
who was qu1et and oftenlgnored by the trlad’s members. This ob‘servatlon 1nd1cated‘ -
that the'_futu_re program should,teach students how to w_ork together as ateam and .
_suggested some strategies for suCcessful collab,oration such as taking turns.' The .
results also suggested that problem solv1ng act1v1t1es should be presented with a clear |
' ob_|ect1ve and some prompting questlons wh1ch can. help students de51gn the1r
- | sc1ent1ﬁc experlments In terms of the des1gn of the program, it was lmportant to tum
E off the narratlon durlng the problem -solving activities because it became very loud |

an,d distracted the other groups from their own work.

Cycle 5 Computer Simulation n (December 2007 — May 2008)
5. 1 Implementmg a des:gn
Based on the ﬁndings from the first pllot study, I created a workbook wh1ch
introduced the goal of each problem-solvmg activity and a series of small questlons |
that students needed to answer as a group. Each group was asked to write down their -
ansWers in the workbook."l‘he second version also removed all the recording functions
- from the 51mulatlon program since the previous study showed that it did not encourage
i ,students to share the1r 1deas it instead prompted students to record answers
1nd1v1dually. Another design change | 1mplemented was an 1ntroduction page about

collaboration. In this introduction, the avatar emphasized the importance of working
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together and taking turns to control the mouse, iype answ'efs, and wfite down answers

in the workbook (Figure 3.13). Additionally, the second version of the simulatioﬁ

pfogram did not ptd?ide’ any narration, but only written text. The second ve‘rs‘ionvof the
-simulation program consisted of all five problem—solving activities and simulations

described on page x.

Do you remember what Dr. Stiante told you about working wel
s @ team? In order to work well 85 a team, you must RESBPECT
. your team members. s

" ftmeans that you need to LISTEN to each other's ideas carefully.

REBPECT! : .
You showld NOT BTERRUPT your teammates when they afe

LISTEN:  speaking.

nounT - 1 you have any questions aboul your teammate’s idees, wait untt
TERRUPT: they are finished, and then you can ask guestions. -

if you do not agree with each other, you shoukt discuss it and try
o come up & sclution TOGETHER, :

Figure 3.13. Instruction About How To Work Together.

5. 2 Evaluating the Design

The Sec;)nd pilot study was designed to explore how paifs' with different
English proficiency develop their use of scientiﬁc‘ discourse using computer
simulation. The study involved 12 fifth-grade ELLs; half of them were advanced ELLS

Students '(CELDT 4 or 5) and half were intermediate ELLs (CELDT 3). Prior to the
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study, all students took a pretest. Then, all students participated 1n sin hour—long, , |
consecutive science sessions. They first received individual science instruction ﬁ'om |
| the Everyday Language nrogram and studied the concepts of photosynthesis. Alter the | |
science instruction, students were randomly paired based on their English proﬁciency
level and their degree of social interaction (ie., stu_dents who were already ﬁ"iends'
with one another were permitted to bwo:rk together);‘ Each pair was then assigned into
three different groups: 1) the Advanced-AdvanCed Group, _2) the Intermediate- |
- Intermediate Group, and 3) the Advanced-lntermediate Group. Each nair participated
ina series of computer-based problemésolying activities that involued hoth group -
| discussion andy_}writing. Each pair’scollaborative dialogue Was'Videotaped. Aﬁer -
completing allsix sessions, the students indi_viduallytook a posttest and were .
interviewed. |
| The analysis of students’ discussions during the problem-solving activities
rev,ealedrmixed results. ‘Some pairs actively engaged infdiscussion and uvorked
successfully as a team by excha.ngin"gtheir ideas and criticizing each other’s ideas with
. _reasonable evidence. By contrast, ‘some p‘airs ‘shouved oassive interaction patterns
throughout the sessions: they did not actively engage in conversations to discuss 7 |
solutions to 'their problems or'challen'ge each other’s ideas. t)verall, however, pairs
produced less ‘scientiﬁc discourse than triads in the first pilot Study. In terms of the
design of the simulation program, all six pairs had difficulties with the last 'simulation'
‘for the fifth problem-vsolving activity because not only was the problem itself very
: challenging for fifth graders, hut the' sirnulation program al_so presented very |

complicated interface without any guidance.
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5.3 Implications

Findings of the final pilot study indicated that it was important to introduce
students to the interface of the last simulation program and to teach them how to use it
because the last simulation program had a very complicated interface with multiple
variables that students could manipulate. Based on this finding, I created a five-minute
instructional video to teach students how to navigate the simulation program. The

video introduced the interface of the simulation program step-by-step through

narration and text (Figure 3.14).

'__} Trew 13 Do Spph DIgR  TOU S 10050 21 el 20 SOsrRels A0 il A0 T Feliboratul Blnibatt P on
s shosndie arvl pheandribes, dov Deleaan s indansdy and pholtsentiegty
-

oot Btemity and Phatat, nihess

photosynthesis. | will ke
carbon dioxide level as 3
will ing

Figure 3.14. Instruction Video for the Simulation Program.
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This chapter has described the development and studies of the science
'inStruction programs'and theSimulation‘ programs_that led to this dissertation study,
both of which were 'care'fully constructed hased on ﬁndings from severalpilot studies
conducted between 2004 and 2008. The chapter has also expla1ned the design process
; of the two technology programs— 1mplementmg a des1gn, evaluatmg a desrgn and |
‘1mp11cat10ns from the pilot studies. | o |

One of the major ﬁndings_f‘rom the three studies with the computer-hased U
. 'bscience instruction reyealed that a quizlformat of the instruction made students think
that they were playing a game rather than studymg sc1ence | which made them: more

1nterested in ﬁmshmg the quiz” to see the endrng by chckmg any obJect on the page. :

e Therefore I redes1gned the Content Construct1on stepasa lecture format to engage o

‘ students in leammg-screnceltself rather than advancmg to the ner(t page -
Another 1nterest1ng ﬁndmg from the studres is that students always wanted to
fhave more control over the program. For example they wanted to play the narratlon
mult1ple times and wrshed to go back to the prevrous pages whenever needed Based
on these findings, I modrﬁed the program to allow students to play the narration -
wheneyer needed by’ just clicking the speaker icon (Figure 315)I alsodesigned a
menu which allows studentsto go back to the lesson they have completed and‘ a back

button which takes students to a previous page within the same lesson (Figure 3.16).
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Oo you see many green abjects? These are eneigy pouches.

.. "'_-\ #lants make thely own food insids of each energy pouch. Click the red box I see what is
A nappenitg inside the ensegy ptasch.
;\

Erergy Fouih iy ﬂéﬁiﬁ ﬁwéum ks oviniood

"

Figure 3.15. Narration Playback Function.

Bén plants use cools to takte in water from the soll.

Figure 3.16. New Menu Function.
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The results of the two pilot studies'with the computer simulation program
revealed that, although students were supposed to read questions on their workbook
for each experiment, students often directly interacted with the simulation program. In
order to remind students of the workbook, I designed a main page of each experiment
which reminded students that they should read all questions on the workbook before

conducting experiments (Figure 3.17).

Experiment 4:
Light Intensity, Carbon Dioxide, and
Photosynthesis

Please open your workbook to page 4.

Please read ali questions ALOUD and CAREFULLY before you start,

el

Figure 3.17. Main Page of Experiment.

My observation from students’ interactions with the simulation program
indicates that many triads struggled with the last experiment regarding the
relationships between the amount of carbon dioxide, light intensity, and
photosynthesis. In addition to the complex problem they were supposed to solve, the
interface of the simulation program was very complicated and overwhelming.

Therefore, as explained on page 95, I also created a five-minute instructional video to
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teach students different functions of the simulation program and how to manipulate
each function in order to help them understand
The next chapter presents the details of the study methodology, including the

description of participants, the study procedure, and instrument items.
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CHAPTER 4: METHODOLOGY

This study investigated thé impact of technology-enhanced instruction on
students’ science learning. Spediﬁcally, this study examined whether teaching science
in everyday language (the Everyday Language approach) and using computer
simulation to solve problems (the Simulation approach) enhanced ELLs’ |
understanding of scientific phenomena and their use of scientific language, compared
to EPSs’. The study also examined whether this teaching approach could help close
the achievement gaps between ELLs and EPSs. Based on the literature review and
previous research studies (see Chapter 3), I hypothesized that

1. the combination of the Everyday Language and the Simulation approach would
be most effective in enhancing both ELLs’ and EPSs’ science learning

2. the combination of the Everyday Language and the Simulation approach would
decrease the achievement gaps between ELLs and EPSs

3. the Everyday Language approach would improve both ELLs’ and EPSs’
science learning

4. the Simulation approach would increase ELLs’ and EPSs’ performance

In this chapter, I describe the design of the study, participants and settings, and the

methods of data collection and data analysis.
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Design
- As described in Chapter 3, this study was carefully design-based on‘ the
ﬁndingsfrom a series o.f.desi‘gn-based researchstu_diesconducted in the past (Brown, -
1992; Co_bb,"diSessa,i Lehrer, & Schauble, 2003; Collins, 1992; Dede, 2004). Although _' |
' the nature of this study was still design-based research, in order to test the speciiic |
| hypotheses d_escribed above, I conducted a 2 (Language) X 2 (Simulation) X2
».(‘English Proficiency) factorial study' with two dependent measures: scores from
‘niultiplefchoice and open-ended tests. The ‘ﬁr'st factor,‘ Language, was whether -~
studentsweretaughtin “‘Everyday English approach” which means that students were
- t‘aught the COncepts of scientific phenoniena in eueryday English prior to the -
“ introduction of scientific language or whether students was taught in “Hybrld
Language approach” wh1ch 1nd1cates that students were taught s1mu1taneously in both
everyday and smentlﬁc language. The second factor, Simulatlon was whether students
(used computer s1mulatlon dur1ng the problem-solvmg activities, or whether they used
“a s1mple website. The thlrd factor was whether students were EPSs, or whether they
'were ELLs. In order to prevent treatment‘erosion , each class was randomly assigned
to one of the four conditions described in Table 41 and participated in six one-hour
long consecutive science sessions for six days (one hour per day). |
| During the ﬁrst three sessions, students receivedindividuai, interactive science
~ instruction on the concepts of photosynthesis and respira_tion, which is,_aligned with

~ California science standards for fifth-grade students. For the last three sessions, -

¥ Assigning students in the same classroom to one of the four treatments could have affected the results
of the study because students in different treatment groups could have shared information they reoeived
between the sessions. :
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students pafticipated ih a series of problem-solving aéti?ities ina group of three;‘ '
D‘uring the problem-Sblvihg ‘;actiyitiés,'tv'vo ﬁiads Wére randomly selected and

| , \"ideotape‘d. Before and after the study, all students .took,ihultiple;chqice aﬁd opén_
ended tests, and thrée-students randomly ‘selectedv frpm each clésé participated in pre- -
and post4intervieWS. The ﬁfe‘-‘ and ;.r)ost-‘intér.v‘iews Wére usg:d to track students’
uhderstanding of ’thgse scientific vconce'pts and their ﬁsé of scientiﬁc. diSCqﬁrse. va
‘comparing thé four grbups’ pre- andPosttést scores and inte’r_viéw scores, this study ,
éxamined rthe effects of tgaching science in éveryday English and using doﬁlputer

‘ 'simulétion on ELLs”and EPS’ convc'eptiual‘understand‘ir‘lg’of ‘s-cie‘ﬁtiﬁc ph;enomen'a and

their use of scientific discourse.
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Table 4.1

Study Design
Everyday-Simulation Everyday-Website Hybrid-Simulation Hybrid-Website
(N=56) (N=54) (N=54) (N=56)
ELLs EPSs ELLs EPSs ELLs EPSs ELLs EPSs
(n=17) (n=39) (n=18) (n=36) n=17) (n=37) (n=16) (n=40)
Pre-Multiple-choice Test
Pre-Open-Ended Test
Pre-Interview
- Science Instruction‘in- Science Instructionin. . Science Instructionin  Science Instruction in
g Evetyday Language Hybrid Language: Hybrid Language:
S Taught in Everyday‘ . Taught Simultaneously  Taught Simultaneously
English Prior to-: 7+ in Everyday and in Everyday and
: Introducmg Sclentxfic, - Scientific Language Scientific Language
' (Hybrid Language) (Hybrid Language)

Pfdblefn-Solvihg

Probiem-SoIvmg

: Actx mes Usmg ‘ Activities Using a Activities Using " -
: Computer Slmulatton : .. Simple Website: Computer Szmula_t__tan:
'Solveé aSeriesof Solved a Series of -
 Scientific Problems . .© Solved a Series of Scientific Problems
Usmg a Simulation.~ ©-~ Scientific Problems ‘Using a Slmulatlon
"~ Using a Simple Program ;
-~ Website ;

" Problem-Solving
* Activities Using a
- Simple Website:

- Solved a Series of

Scientific Problems
Using a Simple
Website

Post-Multiple-choice Test
Post-Open-Ended Test
Post-Interview

School Sites and Participants

The participants in the study were 220 fifth-grade students from four public

elementary schools. Based upon insight gleaned from previous pilot studies (see

Chapter 3), I carefully selected four schools using the following criteria: (1) diverse

ethnic and linguistic population, (2) the number of English Language Learners, (3)
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:bilingual programs,t,4) Academic Performance Index (APl)g, (5) SOcioeconomic status, .
and (6) openness to myv research. First, I 'selected schools that had asimilar ethnicall}i
| and linguistically diversepopulation hecause I did not want my results to appear to

.. represent scienCe leaming fora speciﬁc population. For example, if Latino/a students
- made up'the dominant demographic ofa school the school' uvas excluded from the

,7 ,f‘selectlon Second -among the schools that met the ﬁrst cr1ter10n I selected schools that
had a higher number of ELLs because I wanted to compare ELLSs’ sc1ence leammg to
| , EPSs Third, I d1d not 1nclude schools with bllingual programs wh1ch prov1de students 7
lessons in both Span1sh and Enghsh because the'purpose of the study was to explore
‘ 1nstruct10nal approaches for those who are dealing with a variety of ELLs w1th
: "dlfferent pr1mary languages Fourth, I also looked at each school s API score and

" selected schools whose API scores were s1m11ar Fifth, I chose schools that had a

. similar number of students w_ho were" eligible for free or. reduced_ lunch. Sixth, I
selected schools whose. principal and teachers were -_willing to' participate in the ,study“
. and committed to the study during the entire study period. I, |

| : »At the time of my study, all four participating schools, located in northem

‘ California, servedethnically and linguistically di\_ferse communities and taught ﬁrst- to
fifth grades. The student population at these schools was composed of Hispanic, White,

Asian, and African American students. Within each school’s population,

o approxrmately 34% of the students partrcrpated in free or reduced-price lunch -

programs, and 33% of the students were 1dent1ﬁed as English Language Leamers

® “The APl is a single number,,ranging from a low of 200 to a high of 1000, that reflects a school’s, an
- LEA’s, or a subgroup’s performance level, based on the results of statewide testing. Its purpose is to
measure the academic performa.nce and growth of schools” (p.5, California Department of Education
2008). : v . _ S

i
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(‘ELLs) who had limit‘ed'English proﬁciency. All four schools‘ had an API score'lower
| than 80(l ,points (ranging from a low of 740 toa high of 7#0); which is below the

N ‘_statewide goal of 800. All four schools also hrad a broad linguistic diversity,that_ ‘ |

J included speahers of.English; ASpanish‘,- Tagalog, Samoan, aswell as other languages |

, | from Asia, India and Europe | | R

Al ﬁﬂh-grade students at these four schools were 1nv1ted to part1c1pate in the

study, and the total number of participants was 226. Students who m1ssed any of the o |
-pre- or posttests orwho were absent durmg the science lessons were excluded,‘ and the
total number was' s1x Among 220 students,‘ :68 were ELLs who were still .developing ‘~ ‘
English whewas 152 were proﬁcient English-speaking. students. ELLs’ E"nglish' |
E proﬁCIency was determmed based on their performance level on the Callfomla Engllsh
" vLanguage Development Test (CELDT) rangmg from “Begmmng” (level 1) to
“Advanced” (level 5). Most ELLs in this study had CELDT level 2 (Early :
i lntermedlate) to level 4 (Early Advanced)g. 105 were female 'and’ 1l5 were male; Tab‘le g
" 4.2 below describes the demographic»binforrnation of the Study participants. All'the
participating schools’ provi‘ded their students’ achievement 'level ethniccompOsition,

| Enghsh proficiency 1nformation and students home language The percentage of.

‘ _‘ students who qualified for free or reduced lunch in each school was collected from v
. school Websites.v Before the study began, I met with the participating teachers and ‘

‘ principals to discuss logistics and the schedule of the study. Each teacher was given |
samples of multiple-choice and open-ended 'tests and presented with a. demo of |
computer programs. Each tea'cherwas also informed not to answer students’b que.stions, )

directly during the study but rather to direct students’ questions to me or reply to them,
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“what do you think?” I limited teachers’ direct interactions with students in order to
ensure the same procedure for all four schools and to protect any influence this might

affect the results of the study.

Table 4.2

Demographic Information for the Study Participants Given in Numbers

Gender English Proficiency
n Female Male ELLs EPSs
Everyday-Simulation 56 25 31 17 39
Everyday-Website 54 25 29 18 36
Hybrid-Simulation 54 25 29 17 37
Hybrid-Website ' 56 26 30 16 40
Procedures

A week before the study began, all students were administered in their
classrooms multiple-choice and open-ended pretests on all the required concepts of
photosynthesis and respiration and their applications. The multiple-choice test
consisted of 18 items with a maximum score of 18 (Appendix B), and an open-ended
test included six items with a maximum score of 24 (Appendix C). Students were
given 50-55 minutes to complete both tests, and even if they could not finish their tests
within the time limit, they still had to submit their tests.

Both tests included equal numbers of three types of questions: retention
questions, inference concept questions, and transfer questions (see the Instrumentation
section for more details). Additionally, three students from each classroom — one ELL

and two EPSs or one EPS and two ELLs — were randomly selected and participated in
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a pre-interview about their understanding of the scientific concepts and their
applications of concepts. Each interview took appfoximately 15 minutes and was
videotaped (see Appendix D for interview protocols).

A week after the pretests and pre-interviews, all students participated in six
consecutive, hour-long, computer-lab sessions on the concépts of photosynthesis and
respiration. For the first three sessions, students received individual science instruction
about the scientific concepts using one of two computer programs: the Everyday-
Language program and the Hybrid-Language program. Students in the Everyday-
Simulation and the Everyday-Website groups used the Everyday-Language program,
which taught scientific concepts in everyday English prior to introducing scientific
language. Students in the Hybrid-Simulation and the Hybri&-Website groups used the
traditional program that taught the same concepts simultaneously in both everyday and
scientific language (hybrid language). Both programs provided the scientific concepts
through multiple representation forms, such as narration, text, images, and animation.

* Each student used an individual computer and wore a headphone to listen to the

narration (Figure 4.1).
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Figure 4.1. Computer-Based Science Lessons.

For the last three sessions, students in each treatment group were randomly
assigned to a heterogeneous group of three students with different gender and English
proficiency. Each triad completed a series of problem-solving activities using either a
computer simulation program or a simple website. A grouﬁ of three students shared
one computer and was given a workbook which consisted of a series of questions they
had to answer as a group (see Figure 4.2 for a photo of triads and see Appendix A for
a workbook). Triads in the Everyday-Simulation and the Hybrid-Simulation groups
used a computer simulation program that allowed students to design their own
experiments by manipulating virtual objects. Triads in the Everyday-Website and the
Hybrid-Website groups used an alternative website consisting of video clips,
animation, static images, and text. The website presented the identical content and

visual representations directly captured from the simulation program. Two triads from
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each classroom were randomly selected and videotaped during the problem-solving
activities. As described in Chapter 3, these computer programs were carefully
constructed and redesigned several times to meet the needs of fifth-grade students

based on the findings from a series of design-based research studies.

Figure 4.2. Problem-Solving Activities.

The day after the six sessions were completed all students took multiple-choice
and open-ended posttests, which were exactly the same as the pretests. The same three
students initially selected for the pre-interview participated in the post-interview,
which took approximately 15 minutes and was videotaped. Students were interviewed
in a separate, quiet room, such as a library, an empty classroom, or a computer lab. To
prevent teacher bias, each session was taught by a computer program, and teachers

served only as facilitators with limited interaction with students.
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Instrumentation
Multiple-Choice Test
The multiple-choice pre- and posttests were designed to measure students’
brpad understanding of photosynthesis and respiration. The multiple-choice test was
developed based on questions used in a previous research study and consultation with
three ﬁfth-grade teachers at a pilot-test school. The test consisted of 18 multiple-
choice items, each of which was scored one point for a correct answer with a
maximum score of 18 (see Appendix B). The multiple-choice test contained an equal
number of retention, inference, and transfer questions. Retention questions measured
students’ factual knowledge that could be answered directly from the earlier
instruction that students had. Inference questions required students to integrate
information across concepts. Transfer questions measured students’ ability to apply
their understanding of the concepts to solve new problems in unfamiliar contexts. The
reliability of the multiple-choice tests was calculated using the Cronbach’s alpha
coefficients. The reliability of the pretest was 0.70, and the reliability of the posttest

was 0.79.

Open-Ended Tests
The open-ended pre- and posttests contained six items with an equal number of
retention, inference, and transfer questions (see Appendix C). The open-ended test
items were also designed based on questions used in previous research and reviewed

by three fifth-grade teachers. The six items on the open-ended test were scored by two
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raters using a ﬁve—point rubric (0-4), with a maximum score of 24. Inter-rater ,

reliability coefficients for the open-ended test was .92.

* Student Inrerviéivs
Pre- and post-1nterv1ews were conducted before and aﬂer the study with three ‘
o 'students randomly selected from each class (N—24) 10 Each 1nterv1ew was sernl- ‘
structured with nine questlons_that cons1sted of equal numbers of retentlon, 1nference,
and transfer vque‘stions (see Appendix D). Students yvere lnterViewed ina separate,
‘ quiet room, such as a library, an empty 'cla'Ssroorn,'or a cornputer lab.‘ Each i‘ntervieW
tool< appror(irrrately 1 5 rninutesand was videotaped. StudentS’, interview reSponses i

were scored usin'gfa, ﬁye-point (0-4) rubric.

theos of Gro up Dtscusswns

" Two triads randomly selected from each class were v1deotaped durmg all three o

' problem-solving activity sessions. I recorded both students’ discussions and -
interactions and their onscreen activities with either a simulation program or a website.
To capture each triad’s discussions and interactions, I used a Web camera and attached

it to the top of the computer the triad used To clearly record the1r dlscussmns Tused a

desktop mlcrophone and placed it in the middle of three students To record onscreen . - '

activities, I used a Camtas1a Studio, a tool desxgned to record the act1on and sound

“from the computer screen. The video data are excluded from the analysis of the study. -

o Among the 27 students who partlclpated ina pre—mterv1ew missed the post-1nterv1ew Therefore,
 these three students were removed from the analysis.
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Collection of Data on Students’ Group Writing
During problem-solving activities, each triad was given a workbook which
consisted of a series of questions they were asked to answer. The triad was asked to
provide written answer for each question on the workbook. The collective writing
from each triad was collected. The workbook data are also excluded from the analysis

of the study.

Analysis Method
Each student’s scores on the multiple-choice pre- and posttests were entered
into the SPSS program and analyzed using a repeated measures Analysis of Variance
(ANOVA). Since each class was randomly assigned to one of the four treatment group
and there was no initial difference on the pretests among students across the

classrooms, the unit of analysis was the students, not a classroom.
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'CHAPTER 5: RESULTS OF THE MULTIPLE-CHOICE TESTS

_ Thisstudy examined'whether teaching science in everyday English (the‘
:Everyday Language approach) and/or using computer simulation to solve problems
(the S1mulatlon approach) enhance students understandmg of sc1ent1ﬁc phenomena
and the1r use of sc1ent1ﬁc language The study specifically focused on whether these '
K teachrng approacheshaddlf‘ferent eff_ects on ELLs and EPSs science leam1ng, and :

whether theSe, same'teaching' approaches helped close the existing achievement gaps :

o between ELLs and EPSs This chapter dlscusses the effects of the Everyday Language }

"approach and the Slmulat1on approach on ELLs’ conceptual understandmg of

‘photosynthes1s and resplratlon compared. to that of EPSs by analyzmg students scores‘ e

. from the mult1ple-cho1ce pre- and posttests. |
o The results revealed that the comb1nat1on of the Everyday Language and the
- ’81mulat1on approaches was most effectlve in increasing not only ELLs’ but also EPSs’V ‘
sc1ent1ﬁc knowledge ELLs and EPSs in the Everyday-S1mulat1on group demonstrated :
the greatest 1mprovement from the pre- to posttests and also outperformed their )
| counterparts in the other three groups. Of part1cular interest is that the Everyday
Language had a srgn1ﬁcant impact on enhancmg both ELLs’ and EPSS understanding
of photosynthesisand respirat’ion,\ whereas the Slmulation approach was only
~ beneficial for ELLs. o

The multiple-choice test was designed to measure students’ understandingof
complex sclentlﬁc ‘phe'nornena, in this case, photosynthesis and-respiration. The test

consisted of 18 multiple-chvoice items, each of which was scored one point for a

109



correct answer with a maximuni score of 18 (Appendix B). Each student’s overall
score was entered into the SPSS program and analyzed across arid w1th1n the groups.’ i',
Results of the mult1p1e chorce tests-are presented in the four sections that o
‘ follow. The first sectlon examines students _pretest scores to ensure that all students
had a similar level of scientific knOwledge prior to the study. The second section
’ considers overall effects of teaching ‘science 1n everyday Engllsh and using ‘computer K »
' Simulation on students’ science leaming hy comparing their pre- ,and‘posttest scores. -
. 'The third section-discusses whether these two teaching approaches had different |
inﬂuences on ELLs’ science learning, cOmpared to that of EPSs. ’The’ ﬁnal section ’
o explores whether these teaching approaches helped close the exrsting achlevernent S

e gaps between ELLs and EPSs.

| “Pretest vResults
To ensure 'that groups were equivalent in their understanding of photosynthesis :
‘ and resplration prior to the study, a week before the study began,; all students took a |
' ‘multiple choice pretest (a paper-and pencrl test) in the classroom I compared
students pretest scores using a 2 (Language) X 2 (Slmulatlon) X2 (English '
Proﬁciency) uniyariate ANOVA. The results of the ANOVA revealed that there were |
no signiﬁcant main effects of Language, F(1,212) = 266,p =.11 or Sirnulation,
' ’F(l, 212) = 6.15, p =.70. Although EPSs achieyed a slightly higher mean score than‘
ELLs across the four group, there was no statistically significant difference between

ELLs and EPSs, F(1, 212) = 0.63, p = .43. The ANOVA also did not indicate any
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interaction effects among these variables (all Fs <0.43), indicating that there was no
initial difference in students’ prior knowledge in photosynthesis and respiration. The
results indicate that all students, including ELLs and EPSs, had a similar
understanding of photosynthesis and respiration before they received the treatment.
Table 5.1 presents the mean scores and Standard Deviation (SD) by the treatment

condition.

Table 5.1

Means and Standard Deviations for the Pretest

Treatment Group N Mean (SD)
Everyday-Simulation All 56 4.04 (1.68)
ELLs 17 3.89(1.58)
EPSs 39 4.10(1.74)
Everyday-Website All 54 4.24(1.59)
ELLs 18 422(1.22) -
EPSs 16 4.25 (1.76)
Hybrid-Simulation All 54 4,67 (1.78)
ELLs 17 4.29(1.69)
EPSs 37 4.84 (1.82)
Hybrid-Website All 56 4.54(2.10) .
ELLs 16 4.50(1.97)
EPSs 40 4.55(2.17)
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Effects of the.Everyday Language Approach and the Simulation Approach
Does teachmg science in evelyday English (the Everyday Language approach), | o
and/or using computer simulation (the Simulation approach) erihance students

' understanding of screnttf c phenomena’ ; -

- To answer this question, students’ scores from the multiple-choice pre- and

posttests were compared usinga 2 (Language) X2 (Slmulatlon) X2 (Engllsh

o Proﬁc1ency) X 2 (Gam) repeated measures ANOVA The between sub_]ects var1ables

- were Language (taught in Everyday. Engllsh orin Hybr1d Language) Slmulatlon (used

the Simulation program or the Web51te durmg problem solvmg act1v1t1es) and Engllsh S

. Proﬁc1ency (EPSs or ELLs) w1th Leam1ng Gain (d1fference between pre- and posttests) - |
asa w1th1n sub_]ects factor | |
‘The repeated measures ANOVA revealed a main eﬂ'ect of Leammg Gain,

f vF(l 212) = 385.263, p = .000, 1nd1cat1ng that students overall demonstrated an

o 1mproved understandlng of photosynthes1s and resplratlon over time. The mean score

of all the part1c1pants on the pretest was 4.37 (SD = 1.80), as compared to 8.44 (SD=
- 2.69) on the posttest, which means that the mean score improved by 22.61% after the
study». More spectﬁcally, the results from paired t-tests showed that all students across - -
the.four groups‘achieved signiﬁcantty higher seores on the posttest than on the pretest
at p< 000 (Table 5. 2) As expected students in the Everyday Slmulatlon group |
Ademonstrated the largest leammg gam of 5.36 (SD 2. 55) whereas students in the
' Hybr1d-Webs1te group showed the least improvement (Gam 2.61,SD=3. 06) among B
the four groups. Flgure 5.1 111ustrates the mean differences between the pre- and the

 posttests by.the treatment condition..
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Figure 5.1. Comparison of Pre- and Post Mean Scores by. Treatment G;oﬁp.,_ ‘

Table 5.2

Comparison of Mean Scores and Learning Gains betwéen Pretest and Posttest .

Group - n- Pretest (SD) Posttest (SD) = Gain (SD) _ Gain -t Effect
‘ L o - g Percentage Size
- (%) .
" Everyday- 56 4.04(1.68)  939(220) . 5.36(2.55) 29.78 15.70*** 273
Simulation . ' ' : ' o
Everyday- 54 424(1.59) 891(2.87) 467(3.11) . 2594  11.01*** - 201
Website e o s ' : ‘ ‘
Hybrid- 54 469(175)  831(2.52)  365(216) 2028  1239%**% 167
" Simulation ' ; ' ‘ L
Hybrid- ‘56 4.54(210)  7.14(2.66)  2.61 (3.06) 145 637 - 167
Website = '
+4p<0.001.

The results of the ANOVA also showed several significant interaction effects.

There was a significant interaction effect between Learning Gain and Language, F(1,
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212) =21.68, p = .000, such that students taught in everyday English prior to learning
scientific language demonstrated significantly more improved understanding of
photosynthesis and respiration after the study than those taught simultaneously in
everyday and scientific language. It is important to remember that on the pretest,
students in the Everyday Language condition (the Everyday-Simulation and the
Everyday-Website groups) achieved a lower mean score (M = 4.04, SD = 1.68) than
those in the Hybrid language condition (the Hybrid-Simulation and the Hybrid-
Website groups) (M = 4.67, SD = 1.78); however, students in the Everyday Language
condition showed a significantly better understanding of the complex process of
photosynthesis and respiration on the posttest, compared to their counterparts in the
Hybrid Language condition (p = .000). As hypothesized, these findings indicate that
introducing complicated scientific phenomena in the language with which students are
more familiar can indeed decrease students’ cognitive load, thereby enhancing their
understanding of the concepts. Figure 5.2 shows a significant interaction effect

between Learning Gain and Language.
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Figure 5.2. Interaction Effect betuveen Learning Gain and Language."

‘ Another significant interaction effect _Was found between Learning Gain and

o - Simulatien; K 1"_,2.‘12)>= 5.68, p=.02, where students who used the simulation -

\ brogrum during problem'-solvingb éctivities demonstrated much improved L

' understanding of the sdientific ideas than those Who used the simple website on the

_ posttest (Flgure 5. 3) On the pretest, students in the Slmulatlon and the Webs1te
cond1t10ns were comparable students in the Slmulatlon COIIdlthIl (the Everyday-

(Slmulatlon and the Hybrld Slmulatlon groups) on average, achleved a mean score of

" 4.28 (SE=0.1 9), and students in the Website condition (the Everyday-Website and the |

. ‘Hybrid-Website groups) scored 4.3 8 (SE¥0.i'9). HOWeuer; on the r>osttest, students in |

the Simulation condition (the Everyday-Simulution and the Hybrid-Simulation groups) -

R vperformed significantly better than students in the Website condition (= 01 8),

: ga1n1ng a mean score of 4 4. These results suggest that the use of computer simulation
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These results suggest that the use of computer simulation to solve scientific problems

may more engage students in discussing their understanding of the cohcepts.
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Figure 5.3. Interaction Effect between Learning Gain and Simulation.

Although there Was no three-way interaction effect between Learning Gain and
Language on Simulation, F(1, 212) =0.015, p = .90, I examined whether any of the
combinations of the Everyday Language and the Simulation approaches had more
different impacts on students’ science learning, The results of a one-way ANOVA on
the differences between the pre- and the posttest indicated that there were significant
differences among the condition, F(3, 216) = 10.16, p = .000. As shown in Figure 5.4,
all four groups showed fairly similar mean scores on the pretest, but there were
noticeable gaps across the four groups on the posttest. To further examine the
difference, I conducted Tukey’s HSD tests for post hoc comparisons. Post hoc

comparisons revealed that students in the Everyday-Simulation group demonstrated
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the greatest improvement over time, which was significantly larger than those in the
Hybrid-Simulation (p = .01) and the Hybrid-Website (p = .000) groups In addition,
students in the Everyday-Website group also showed a significantly better
understanding of the scientific concepts than those in the Hybrid-Website group

(p = .000). Although students in the Hybrid-Simulation group performed better than
those in the Hybrid-Website group, the difference was not signiﬁcant p=.19).

These findings support my hypothesis that the combination of teaching science
in everyday English and using computer simulation approaches help students better
develop a deeper understanding of scientific concepts than -other approaches. The
findings also show that, although both the Everyday Language and the Simulation
approaches were found to be beneficial for students’ science learning, teaching science
in everyday English prior to introducing scientific language (the Everyday Language
approach) can be a more effective tool in improving students’ understanding of
scientific ideas than the use of computer simulation. These results indicate that it is
important to make science learning more accessible to students by bridging the
difference between students’ everyday modes of communication and the scientific

mode of communication.
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Figure 5.4. Comparison of Learning Gain by Treatment Group.

An unexpected result was an marginal interaction effect between Learning
Gain and English Proficiency; F (1,212) = 3.38, p = .067. Although the effect was
marginally significant, this result was surprising because there was no significant
difference between ELLs and EPSs on the pretest, showing that they both Had a
similar level of prior knowledge before the study began. However, EPSs, overall,
significantly outscored ELLs on the posttest (p = .02) and showed greater

improvement than ELLs over time. The ANOVA did not reveal any other interactions

between the variables (all Fs <1.00).
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Effects of the Everyday Language Approach and the Simulation Approach on -
ELLs’ Science Learning Compared to EPSs’ Science Learning '

Does the Everyday Language Approach and/or the Stmulatton Approach Improve
ELLs’ and EPSs Understanding of Screnttf c Phenomena Dtjferently

Prev1ous results revealed that both the Everyday Language approach and the
. S1mulat1on approach were 1ndeed effectlve m 1ncreas1ng students sc1ent1ﬁc
knowledge. In order to examme‘whether these approaches had a d1fferent‘1mpact on
: ELLs"iand ’EPSs"’science leaming, VI'examined ELLs; and EPSS’ performance ‘on the
mult1ple choice tests separately, usmg a 2 (Language) X 2 (S1mulatlon) X2 (Leammg
Gam) repeated measures ANOVA |
Sxmllarto the prev1ous results, there wasa signiﬁcant Leaming Gain effect for ’
A‘ both ELLs F(l 64) = 135 57,p= 000 and EPSs F(l 148) = 349 26 p 000 |
. md1catmg that both groups demonstrated sngmﬁcant 1mprovement from the pretest to »
: the posttest More speclﬁcally, as shown in Table 5. 3 both ELLs. and EPSs in: the :
I. Everyday-Slmulatlon group showed the greatest leammg gams (5 24, 5 41 N
respect1vely) whereas ELLs and EPSs in the Hybr1d Websnte group demonstrated the
'lowest 1mprovement . 25 2. 75 respecttvely) Of partlcular mterest is that ELLs in the‘
_Everyday Website and the Hybr1d S1mulat1on groups showed Slmllal‘ leammg gams,
wh1le EPSs in the Everyday-S1mulat1on and the Everyday Website groups performed
similarly to each other (F1gure 5.5). These findings indicate that employmg the

’ Everyday Language approach or the Sxmulatlon approach alone would have snm1lar

positive impacts on ELLs’ development of scientific knowledge.
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Table 5.3

Comparison of ELLs’ and EPSs Mean Scores and Learning Gains between Pretest

and Posttest
English Group n  Pretest  Posttest Gain Gain t Effect
Proficiency (SD) (SD) (SD) Percentage Size
(%)
ELLs Everyday- 17 3.88 9.23 524 29.11 7.66*** 266
Simulation (1.58) 2.37) (2.82)
Everyday- 18 422 .7.89 3.67 20.39 7.26%** 201
Website (1.22) 2.27) 2.19)
Hybrid- 17 4.29 741 3.12 1733 8.37*** 1.88
Simulation (1.69) (1.62) (1.54)
Hybrid- 16 4.50 6.75 225 125 2.71* 0.92
Website (1.97) (2.86) (3.32)
EPSs Everyday- 39 4.10 9.51 541 30.06 13.69%** 277
Simulation (1.74) (2.14) 247)
Everyday- 36 425 9.42 5.17 28.72 9.07*** 2,09
Website (1.76) (3.03) (3.42)
Hybrid- 37 4.84 8.73 3.89 21.61 9.96*** 1.66
Simulation (1.82) (2.76) (2.38)
Hybrid- 40 455 7.30 275 15.28 5.83*%** 1.15
Website 2.17) (2.59) (2.99)
*p<0.05.
**%p<0.001.

120



.5 Pretest B Posttest

0‘9

0.8 :

07 : . .

= o ‘ _

@ : : : ) o

£ 06 v — : :
R p— -

8 04 — -—-w[ — I I — — _
O _ T
AR 11

02 I 1 I

0.1

o . |
55 b2 o8 e | 55 2 45 3¢
E=3 i =] = - e = o =
3 £§ 53 28 2 £§ 5% s8¢
$SE $£2 FE TZ L gE 2z zE T3
wFE. e A - Coag @ A

Figure 5. 3. Combparison of Mean Scores between Pre- and Posttests across Four
- Treatment Groups by English Proficiency. "

The results of theANOVA aleo revealed that vf.‘or ELLe, there was a signiﬂcarit
interaction between Learning Gain and Language, F (1,?64) =832, p= ;005; aswellas
va marginal interaction betweeri Leaming‘Gain and Sirriulation, F (1,64) =3.96,p
=.051. As iliustrated in Figqre 5.6, regardless of the \uSe ef computer sirriulation,
ELLs who -were taught in everyday English prior to the introduction'of scientiﬁc
l.anguage Signiﬁcantiy outperformed ELLs taught in hybrid language. Sirriilarly,
whether they were taught ir1 everyday orhybrid language, ‘ELLs who used the
simulation program during the ’problem-solving atctivities achieved ahigher mean
.score on the r)osttest thari these who used the website. These findings indicate that it is -

- important to provide ELLs not only with a transitional step to learn scientific language
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in order to help them understand the cOncepts bett_er‘, but also with multiple

. opportunities to reconstruct their understanding of scientific topics through social

interaction. ..
1 -
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" . Figure 5. 6. Comparison of ELLs’ Mean Score by Languaige and Simulation.

Unlike the rcsults -,ﬁ'om the ELLs’ performanée, for EPSs, there was only an

: interactidn effect bétwee'n'Leai'ning Gain and Language, F(l,]48)=18.24, p=000,

_ indicating that EPSs taught in ei/eryday English p'riqr' to learnirig scientiiic langnage
'shdwed greatei imbiovement than those taught in hybrid limguage. Slirprisingly, there

. was no interéc‘:‘tionefféct between Learning Gain and Sitnulation for EPSs, F (1,1485 =
',2“;-26, p= ;14, suggesting thai the use of .computer simulation did not have ilny |

| significant impact on EPSs’ understanding of scientific concepts. As shown in Figure
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| 5.7,YE‘PSs taught in everyday Engliéh prior to the introduction of scie_:ntiﬁc.languag‘e S
‘ach"ievedv similar scores on the pbsttest, regardless of the use of the simulation pfb’grarﬁ
o '6r the website. .In the H&bria éondition, EPSs whé used tﬁe simulation program:dﬁring |
the",problem-‘solvin.g activiti‘evsv‘ performed better than EPSs whé used the website, but

 the difference was not statistically significant (p = 22).
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Figure 5.7. Comparison of EPSs’ Mean Score by Language and Simulation.

| - To eXamine whether there Wefé any significant diffgre;nces‘ in the hjeén' gain |

~ scores among the fOur group§,.‘I_conducted a on'c-Way ANOVA on ELL’S’ and EPSs’ )
_bleami'r‘lg‘ gains aCfoss the four cénditio'ns. The results shoWed that there Wc‘e‘re‘
signiﬁcant differences anioﬁg the groups for both ELLs (p - .007) and EPSs (p = 000)
Tukey"s HSD tests for post hoc comparisons revea!ed that ELLs in .the' Eve'ryday-v |

Simulation group improved significantly more than ELLs in both the Hybrid-
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Simulation (p = .045) and the Hybrid-Website (p = .006) groups (Figure 5.8). By
contrast, EPSs in both the Everyday-Simulation and the Everyday-Website group
demonstrated significantly higher learning gains than EPSs in the Hybrid-Website
group (p = .000, p = .002 respectively). These results demonstrate that teaching
science in everyday English and using computer simulation had different impacts on
ELLs’ and EPSs’ science learning. In other words, teaching science in everyday
English can be only valuable for ELLs when it is combined with the use of computer
simulation, whereas the everyday language approach can significantly improve EPSs’

science learning without the use of computer simulation.
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Figure 5.8. Comparison of Learning Gain Between the Treatment Groups by English
Proficiency.
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~ Effects of the Everyday Language Approach and the Slmulatlon Approach in
’ : Decreasmg Achlevment Gaps between ELLSs and EPSs

_ Does the Everyday Language Approach and/or the Stmulatton Approach Help
: Decrease learnmg gaps between ELLs and EPSs?

The analysis of students pretest scores revealed that there were no s1gn1ﬁcant o

' - mean dlfferences between ELLs and EPSs although EPSs showed a sllghtly better

understandmg of photosynthes1s and resplratlon than ELLs pr1or to the study On the
posttest EPSs still showed a more complete understand1ng of the sc1ent1ﬁc concepts
- than ELLs across the groups, but the leam1ng gap between ELLs and EPSs was found
o be smallest in the Everyday-S1mulat10n group By contrast surpr1s1ngly, there were
stat1st1ca11y margmal achievement gaps between ELLs and EPSs in the Everyday- B
' Web51te (p .07) and the Hybr1d S1mulat10n (p 07) groups (Table 5. 4) This ﬁndmg -

: ‘1nd1cates that the comb1nat1on of teachmg science in everyday English and us1ng |

‘computer s1mu1atlon was more effective in 1mprov1ng ELLs science learmng than
: » usmg one of the approaches alone. Figure 5.9 1llustrates the mean d1fferences between

ELLs and EPSs across the four cond1t1ons.
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Table 5.4

Comparison of Mean Scores and Learning Gains between ELLs and EPSs

Group . n Pretest ~ Difference t ' Posttest " Difference ' “ ‘t
ELLs EPSs _ ~ ELLs EPSs
Everyday- 17 388 410 . 022 . 045 923 95l 040 . 062
Simulation (1.58) (1.74) 237) (2.14)
Everyday- 18 422 425 0.03 060 789 942 153 1.89
Website ~ (122) (176)- . (@27) 3.03) -
Hybrid- 17 429 484 054 104 - 741 873 132 1.83
Simulation ~ (1.69) ~(1.82) (162) (2.76) ‘ v
Hybrid- 16 450 455. - 005 008 675 730 055 0.0
Website (197 @17 . . @86 @25%9)
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Figure 5.9. Comparison of Mean Scores between ELLs and EPSs by Treatment Group.
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.Summary and Discussion ‘

This chapter has rev1ewed the effects of the Everyday Language approach and
the Slmulatlon approach on ELLs and EPSs understandmg of photosynthe51s and |
resp1ration by analyzmg students performance on the multiple-ch01ce pre- and
posttests The analy51s of the pre- and posttests revealed that the combmatlon of the

: Everyday Language and Simulation approaches was most effective i in 1ncreasmg both
| - " ELLs’ and EPSs’ SCientiﬂc knowledge. Although ELLs and EPSs in the Everyday- . |
,Simulation group achieved the lowest mean scores on the pretest,.they both '
outperformed their counterparts in the other groups on the posttest- »and also
demo'nstrated the greatest improvement in their understandin‘g of photosynthesis and
y respiration over time. In particular ELLs in the Everyday-Simulation group showed
.almost same learnmg gain as EPSs in the group, which were also h1gher than those of
»EPSs in the other three groups. This finding demonstrates the strong potential |
‘advantage of the Everyday Language and the Simulation approaches“for promoting
high .academic achievement for all students. :

When examining the individual effect of the Everyday Language ‘émd the
Simulation approaches, howev_er, I found that’the Everyday Language approach "
significantly increased both ELLs’b and EPSs’, scientific knowledge, whereas the -
Simulation approach} had a positive impact on only ELLs’ 'science learning. More
o speciﬁcally, regardless of the use of the Everyday Language approach, ELLs who
used the 51mulation program durmg the problem-solvmg act1v1t1es showed a better
: understandmg of photosynthe51s and respiration than ELLs who used the web51te By .

contrast, in the Everyday-Language condltion, there was no difference between EPSs

127



in the Si‘mulation condition' and in the Webs}ite condition; the use of computer
simulation was only effective for EPSs l‘when they were taught in hybrid language." :
: One possible explanation stems from my argument that ELLs need more language i E
o support to'catch upwith EPSs’ scientiﬁc language proﬁciency and their level of B
scientific knowledge Teaching sc1ence in everyday Engllsh can 51gn1ﬁcantly 1mprove
ELLs s01ent1ﬁc knowledge than teachmg science in hybr1d language but in order to
- help ELLs achieve the same level of understandmg as EPSs they need add1t10na1
1nstruct1onal support. Another p0551ble explanatlon is that ELLs in the s1mulat10n
n environment might have more opportunities to change 'their mi’sconceptions about
‘ photosynthes1s and resp1ratlon by mteractmg w1th more advanced peers |
These ﬁndmgs suggest that it is 1mportant to prov1de not only ELLs, but also
' EPSs, with atransltlonal step between everyday language and sc1ent1ﬁc language in
order to help‘them build a more concrete understanding of scientiﬁc concepts The :
ﬁndmgs also md1cate that the use of computer 51mulat10n during the problem-solvmg "
act1v1t1es can be more effectlve for those who struggle w1th scientific language such
- .as ELLs or EPSs taught in hybrid language, by prov1d1ng them with more -
' v‘oppOrtunitiesto articulate their understanding using scientific language in multiple “
contexts. |
The next ichapter explores the eﬂ'ects of the Everyday Language approach and
‘: the Simulatiohapproach on ELLs” al)ility to explain Scientiﬁcideas using accurate .

. scientific language in written form, compared to that of EPSs.
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CHAPTER 6: RESULTS OF THE OPEN-ENDED TESTS

| This‘ chapter reports theeffects of the Everyday Language and the Simulation '
: approaches on ELLs understandmg of sc1ent1ﬁc phenomena and their ab111ty to
_V articulate their understandmg usmg appropriate sc1ent1ﬁc language, compared to those
of EPSs By analyzmg ELLs and EPSs scores from the open -ended pre- and posttests,
this section examines how these two teachmg approaches enhance ELLs’ science
B leammg and whether these approaches helped close any learning gaps hetween ELLs
~and EPSs.. | | |
| Consistent.vv.ith the .ﬁndings of the multiple-choice tests, the resultsof the
open-ended tests revealedthat the both ELLs and EPSs in the EverydayLSimulation ‘
-group not only. demonStrated the‘ greatest improvement, but they also performed much
better than their counterparts in the other three groups. In particular, the learning gains
7 _of ELLS in theEveryday-Simulation group was signiﬁCantlygreater than these of |
ELLs m the other .three groups; which indicates that the combination of Everyday
Language and the Simulation approaches can be a powerful pedagogical tool for -
ELLs’ science learning. The signiﬁcant effects of computer simulation were again
- ‘only found ‘in the ELLs’ ‘performance, whereas the Everyday Language approachwas
effective for both ELLs’ and EPss’ science learni_ng. The mostinteresting ﬁnding of
the open'-endedtests was that the use of computer simulation appeared to reduce |
‘achievement gaps between ELLs and EPSs. ‘)Prior to the study, EPSs showed a |
_s‘igniﬁcantly better ability to articulate their understanding in using appropriate
scientific language across all four groups. However, after the treatment, there was no
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signiﬁcant achievement gap between ELLs and EPSs in the Simulation condition, '
whereas EPSs still 51gn1f1cantly outperformed ELLs in the Web51te cond1t10n |
The open—ended test was constructed to measure students conceptual

understandmg of photosynthesis and resplratlon, as’well as their ab1l1ty to use to.
| 'articul‘ate theirscientiﬁc knowledge in accurate scientiﬁ'c language. The open-ended .
test consisted of six items, with an equal number of retention inference ' and transfer |
R ,questlons To establlsh the reliability of s scores, students ‘written answers were scored ‘
- | blmdly and 1ndependently by two d1fferent raters, usrng a scoring rubric de51gned to
measure students’ conceptual understanding of photosynthe51s and resp1rat10n in

' scientific language One p01nt was given for each correct answer in sc1ent1f1c language.‘
. Ifa a response prov1ded a correct understanding but d1d not use appropriate sc1ent1ﬁc |

) language 1t d1d not receive any points The max1mum score for each questron was
‘four, and _the maximum p0551ble score for the open—ended'test was 24. The 1nterrater"

' reliability of the open-ended tests was .84,

Preitest Results
Toe_xamine whether there were any initial differences in students’ ability'to
- e‘xplain?the concepts of photosynthesis and respiration using scientiﬁc language, I
conlpared students’ scores from the open-ended pretests usin_g a 2 (Language) X2
(Simulation) X 2 (English IlroﬁciencS/) univariate ANOVA. The results of the |
ANOVAdid not reveal a main effect of Language, F(1,212) = 0.45, p= ‘._'50, nora

main effect of Simulation, F(1,212) =2.67, p = .10, indicating that students in the four
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groups had similar prior knowledge and ability to articulate their understanding of the | :
scientific concepts prior to the study;

‘Students, on average, achieved a mean score of 2.12 (SD =2.18), which /

indicates students answered only 8.83% of the questions cOrrectly This result suggests

- that all students had a very 11m1ted understandmg of photosynthe51s and resp1rat10n it

~also demonstrates the students 11m1ted ab111ty to explaln 501ent1ﬁc phenomena usmg -
smentlﬁc language. Among the four groups, students in the’ Hybr1d-Slmulat10n group |
scored highest (M=2.55, SD = 2.26), whereas students in the Hybrid-We_bsite group
scored iowest»(M.=1.5 1, S‘D=1.96).‘ Tab'le 6.1 presents_ the mean scores and‘standa.rd -
 deviation (SD) across the four groups. ~ - |
Of partlcular 1nterest isa 51gn1ﬁcant main eﬂ'ect of Engllsh Proﬁ01ency,

| ,‘ F(l 212) 20 86, p= 000 suggestlng that EPSs overall ach1eved a h1gher score on -
the pretest than d1d ELLs (Figure 6.1). ThlS ﬁndmg is surprising, g1ven that there was .
- no pre ex1st1ng dlfference between the two groups of students on the multlple-chowe ,‘
~ pretest. A series of t-tests revealed that EPSS showed- a superior ab111ty_‘toelaborate on |
| scientific ideas using accurate scientific language eompared toELLs in all four gr_oups
(all ps<.05). Invpartieular, the Everyday-Simulation a.nd‘the Hvbrid-Simulation' group

- showed the largest achievement gaps between ELLs and EPSs.among the four groups.
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Figure 6.1. Comparison of Mean Scores on the Pretest between ELLs and EPSs.

This result indicates that EPSs showed a better ability to articulate their
understanding of photosynthesis and respiration in written form than did ELLs prior to
the study, a skill which can provide students with a significant advantage in learning
science. These findings support my argument that ELLs ushally have less proficiency
in scientific language, and that it is more challenging for ELLs to use scientific
language to elaborate on their understanding of the scientific concepts than it is for
EPSs to do the same. The ANOVA did not reveal any other interaction effects (all
Fs<.20). The mean scores and standard deviation (SD) across the four groups are

shown in Table 6.1.
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Table 6.1

Pretest Scores with Sample Means and Standard Deviations

N Mean (SD) Difference t Effect
Size
Everyday- All 56 2.23 (2.36)
Simulation ELLs 17 1.21 (1.69) 1.47 223*  0.69
EPSs 39 2.68 (2.48)
Everyday- All 54 220(2.03)
Website ELLs 18 1.31(1.54) 135 240 0.72
EPSs 36 2.65(2.12)
Hybrid- All 54  2.55(2.26)
Simulation ELLs 17 1.53 (2.15) 1.48 234* 068
EPSs 37 3.01(2.18)
Hybrid- All 56 1.51(1.96)
Website ELLs 16 0.63 (1.02) 1.24 221* 074
EPSs 40 1.86 (2.13)

*p<0.05

Effects of the Everyday Language Approach and the Simulation Approach -

Does the Everyday Language Approach, and/or the Simﬁlation Approach enhance
students’ ability to articulate their understanding of scientific phenomena using
Scientific language?

To examine the effects of teaching science in everyday English and using
computer simulation, I compared students’ open-ended pre.- and posttest scores using a
2 (Language) X 2 (Simulation) X 2 (English Proficiency) X 2 (Learning Gain)
repeated measures ANOVA. The between-subjects variables were Language
(Everyday Language or Hybrid Language), Simulation (Simulation or Website), and
English Proficiency (ELLs or EPSs) with Learning Gain (difference between the pre-
and the posttests) as a within-subjects variable.

The results of the ANOVA provided evidence of a Learning Gain effect,

F(1,212) = 589.92, p = .000, such that all students overall performed significantly
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better on the posttest than on the pretest The rnean score of all the pamcrpants on the
pretest was 4 37 (SD=1. 80) as compared to 8 44 (SD 2. .69) on the posttest

| mdlcatmg'that the mean score improved by 22.61%. Paired t-tests demonstrated that
all students across the four groups demonstrated a signiﬁcantly betterahility to 'v :

A artlculate the1r understandmg of scientific concepts using scientific language after the

| treatment (all ps—. 000). Flgure 6.2 illustrates the mean dlfference between the’ pre-

and posttest across the four condrtlons.v ‘

1 -
. # Pretest -8 Posttest "
0.9 » .
0.8 - - -
S0 : S -
° . ) o
[ o . .
5 0.6 - :
S . . :
§ 05 , : .
t -
o] X N T .
§ 0.4 | T l ]_
S X R - : : =
Everyday- ~ Everyday- ~ Hybrid- . Hybrid-
Simulation ... Web Simulation . . web

" Figure 6.2. Comparison of Mean Scores between Pre- and the Posttests: |

Similar to the results from the analyses of the multiple-choice tests, students in :
the Everyday-S_imulation group showed the greatest learning gain by improVing
40.04%, whereas students in the Hybrid-Website group demonstrated the least

k improvement among the four groups hy gaining only 17.57%. Table 6.2 presents the
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mean scores from the pre- and the posttest, learning gain, and the results of paired t-

test.

Table 6.2

Comparison of Mean Scores between Pretest and Posttest

Group n  Pretest Posttest Gain (SD)  Gain t Effect Size

(SD) (SD) Percentage

(%)

Everyday- 56 2.23(2.36) 11.84(4.69) 9.61(3.74) 40.04 19.24*** 259
Simulation ,
Everyday- 54 2.20(2.03) 9.70(5.24) 7.5 (4.20) 31.25 13.12*** 1.89
Website
Hybrid- 54 255(226) 8.28(4.07) 5.73(3.45) 23.88 12.19*** 1,74
Simulation
Hybrid- 56 1.51(1.96) 5.75(4.47) 424(3.53) 17.67 8.98*** 123
Website

In addition to a main effect of Learning Gain, the results of the ANOVA also

revealed several interaction effects, similar to those found in the multiple-choice test.

As expected, there was a significant interaction effect between Learning Gain and

Language, F(1,212) = 42.50, p = .000, such that students taught in everyday English

prior to learning scientific language showed a greater improvement than students

taught in hybrid language. As illustrated in Figure 6.3, there was no mean difference

between the Everyday language condition and the Hybrid language condition prior to

the study (Everyday Language M = 1.96 and Hybrid Language M = 1.76). However,

there was a noticeable gap between the two groups on the posttest, proving that

students in the Everyday language condition were more able to explain their
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understanding of nhetosynthesis and respiration in scientiiic language than these inthe
Hybrid language condition (p = .000). This finding is consistent with the result from-
the analysis of the multiple-choice test, indieating that teaching science in everyday
" Engli‘sh.‘prior to introducing .scientiﬁc ianguage vcan be effecti\ie in improving both
studentsi eonceptual understanding of seientitie phe'n'ornena and their ai)ility.tp use ’

- scientiﬁc:language appropriately to articulate scientific knowledge.
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- Figure 6.3. Interaction betweenvLearning.Gain and Language._

There was also an interactionbet\iveen' Learning Gain and Simulation, F( 1,212)

.= 17.73; p= .000‘, suggesting that students who used the simulatit)n prc')grarn during
problem;So'IVing activities shovueci a better ability to articulate their understanding of

| the scientific 'eoncepts uSing Scientiﬁc language than those who used the website

(Figure 6.4). As found in the analysis of the pretest, there was'againan interaction
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effect between Leamiﬁg Gain and Eng’liéh Proﬁciéncy, F(1,212) = 10.64, P = .O(’)‘l,
: indicatiﬂg 'that'EPSs’ showed greater imﬁro?ement over time than did ELLS. This last

ﬁndﬁirig wili»be discussed in al‘lvater seétioh wﬁefe I exémine whetherfeaching sciehée o

in e‘ve'ryday‘ English and using ’covmpufer s_irhulation helped CIOSe'the,AChigvemgnt gaps

* between ELLs and EPSs.
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Figure 6.4. Interaction between Learning Gain:and 'SimulatiOh.

: va pafticular interest is a threé-way interactio'n betwgen Learning Gaiﬁ »and |

_\ Sbimulativon on English P‘roﬁcier.lc‘:y,‘F(lv,Zvl‘Zv) =5.03,p= 003 SUrprisingiy, thé use of |
chput,e_rvs‘imurlat‘ion during ‘p’roblvemévsolving' actiVities wﬁs found vtqv--be.moré effective
_in enhémcing ELLs’ developmént of éciehtiﬁc di'scourse than EPSs.. As Figure 6.5
illustr‘afes,’i there wés no significant !eémihg g’éin differeriée between EP_Ss.who usgd' - |

the simulation progfam ‘and who used the Website = L22). By contrast, 'ELLS in the
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Simulation condition showed a significantly greater improvement on the posttest than
ELLs in the Website condition (p = .000), suggesting that the use of computer
simulation can provide multiple opportunities for ELLs to reorganize their
understanding of scientific ideas and to use scientific language in different contexts to
articulate their ideas. There was no evidence of other interactions with any of the other

factors, ps >.05.

& Simulation
0.9 -

# Website
0.8 -

0.7
0.6

T
0.5 T
0.4 } P

03 b & T

S8 SR (R
o0 [1— -

Proportion Correct

Pre-test Post-test { Pre-test Post-test

ELLs EPSs

Figure 6.5. Interaction Effect between Learning Gain and Simulation by English
Proficiency.

Although there was no three-way interaction effect between Learning Gain and
Language on Simulation, I examined whether any of the combinations of the two
approaches had significant impacts on students’ open-ended test scores through a one-

way ANOVA on the differences between the pre- and the posttest. The results of the
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ANOVA identiﬁed signiticant mean differences in learning gains ac'rossthe four -
o c0nditions, 'F(3, 216) - 16.99, p = .000. ”i;he results of Tukey’s HSD tests for post hoc
comparisons I revealed that mean gain scores for all four. condition groups were |
B 51gn1ficantly d1fferent on mult1ple levels | N
. The most 1nterest1ng ﬁndlng is that students in the Everyday Slmulatlon group i
shovved a 51gn1ﬁcantly greater ability to explain scientific 1deas about photosynthe51s
- and respiration using scientiﬁc language 'accurately, 'compared to notonly those in the
| Hybrid condition (the Hybrld-Slmulation and the Hybrid-Website groups) but also
| students in the Everyday-Web51te group (p .018). This is an unexpected outcome
because the analyses_ of the mult1ple-ch01ce tests did notreveal any »vdlfferences in
' learning’gain between the Everyday-‘Simulation and the Everyday-Website groups. -
- This res'ultindicatesthatthe combination of teaching science in e_Veryday English and o
- using computer simulation to solve problems is the most effective teaching" approach
R toimprove students’ conceptual understanding of scientiﬁc. phenomena and their use
of scientific language | |
Another 51gn1ﬁcant difference was found between the Everyday Web51te group
: and the Hybrld Web51te group. Students in the. Everyday-Web51te group were better
able to elaborate on the1r understandmg of the scientific phenomena in sc1ent1ﬁc
X language than were those in the Hybrid-Website group (p = .000). ThlS finding is . -
‘ con51stent with ﬁndmgs from the analyses of the multiple-choice test, which 1ndlcates
- that in the Website condition, the use of everyday.English in science instruction can be

more beneficial for improving students” ability to use scientific language more
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accurately to explam the1r ideas about screntlﬁc concepts Figure 6.6 compared the

' learnmg gain between the pre- and posttests of each treatment group.
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Figure’ 6.6. Interaction between Leaming'Gain and Simulation by English Proﬁciency.

Effects of the Everyday Language Approach and the Simulation Approach
on ELLs’ Science Learnmg Compared to EPSs Science Learmng

Does the Evetyday Language Appfoach and/or the Simulation Approach affect
ELLs and EPSs abthty to elaborate on their understanding of scientific concepts
. : di j_”ferently
Given the 51gn1ﬁcant three-way 1nteract10n between Learning Gain and

.Slmulatron on English Proﬁclency, F(1 212) 5. 03 r=0.03,T exammed ELLs’ and -

_ ‘EPSs scores from the open-ended pre- and posttests separately in order to explore

how teach1ng sc1ence in everyday English and/or usmg computer simulation impacted N

ELLg’ and EPSs’ science learning differently. A 2 (Language) X 2 (Simulation) X 2
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(Learning Gain) repeated measures of the ANOVA looked at ELLs’ and EPSs’
science learning over time.

As expected, the results of the ANOVA revealed a main effect of Leaming‘
Gain for both ELLs, F(1,64) = 196.35, p = .000, and EPSs, F(1, 148), p=.000,
suggesting that both ELLs and EPSs significantly improved their scientific knowledge
and ability to use scientific language accurately over time. The results of paired t-tests
showed that ELLs in the Everyday-Simulation showed the greatest learning gain
among the four groups, whereas ELLs in the Hybrid-Website group demonstrated the
lowest improvement (Table 6.3). More specifically, ELLs in the Everyday-Simulation
group improved 38% from the pretest to the posttest, whereas ELLs in the Hybrid-
Web group improved only 11%. Again, ELLs in the Everyday-Website and the
Hybrid-Simulation groups showed similar learning gains, but surprisingly, ELLs in the
Hybrid-Simulation group demonstrated a slightly higher learning gain than ELLs in
the Everyday-Website group on the open-ended tests.

Similar patterns were also found among EPSs. EPSs in the Everyday-
Simulation group again showed the greatest improvement by gaining 9.85 points
higher on the posttest (41% improvement), while EPSs in the Hybrid-Simulation
group gained only 20% more on the posttest. Consistent with findings from the
analyses of the multiple-choice tests, EPSs in the Everyday-Website group performed
similarly to EPSs in the Everyday-Simulation grdup and showed a better improvement

than EPSs in the Hybrid-Simulation group.
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Table 6.3

Comparison of Mean Scores between Pretest and Posttest for ELLs and EPSs

English Group n Pretest  Posttest  Gain ‘Gain t Effe
Proficiency (SD) (SD) (SD) Percentage ct
(%) Size
ELLs Everyday- 17 1.21 10.26 9.06 37.75 11.09*** 295
Simulation . (1.6%9) (3.99) (337
Everyday- 18 131 6.42 5.11 21.29 7.41%*%* 185
Website (1.54) (3.58) (2.93)
Hybrid- 17 1.53 7.06 5.53 23.04 7.24%*%* 196
Simulation (2.15) (3.36) (3.15)
Hybrid- 16 0.63 325 263 10.96 2.85* 0.98
Website (1.02) (3.66) (3.68)
EPSs Everyday- 39 2.68 12.53 9.85 41.04 15.75%** 255
Simulation (2.48) (4.86) (3.90)
Everyday- 36 2.65 11.35 8.69 36.21 12.24*** 2,19
Website 2.12) (5.19) (4.26)
Hybrid- 37 3.01 8.84 5.82 24.25 9.78***  1.71
Simulation (2.18) (4.29) (3.62)
Hybrid- 40 1.86 6.75 4.89 20.38 9.36*%** 141
Website (2.13) 4.41) (330)

The results of the ANOVA also revealed that for ELLs, there was a significant
interaction effect between Learning Gain and Language, F(1,212) = 14.26, p = .000.
There was no difference between ELLSs in the Everyday language condition and the
Hybrid language condition on the pretest, but ELLs taught in everyday English
significantly outperformed their counterparts taught in hybrid language (p = .000). Of
interest is a significant interaction between Learning Gain and Simulation, F(1,212) =
18.50, p = .000, which was not found in the analyses of the multiple-choice tests

(Figure 6.7). The use of computer simulation to solve scientific problems was found to
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be more effecitve in improving ELLs’ content knowledge and their use of scientific

language than the use of the website.
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Figure 6.7. Interaction Effect between Learning Gain and Simulation for ELLs.

For EPSs, the ANOVA revealed an interaction between Learning Gain and
Language, F(1,148) = 40.71, p = .000, but there was only a very marginal interaction
effect between Leamingv Gain and Simulation, F(1,148) =2.90, p = .090. In other
words, EPSs taught in everyday English improved significantly more than those taught
in hybrid language (Figure 6.8), but the use of computer simulation had very little
impact on EPSs’ ability to articulate their scientific ideas using scientific language
(Figure 6.11). This finding is consistent with findings from the analyses of the

multiple-choice tests.
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Figure 6.8. Interaction Effect betweenLeaming‘_Gain and Simulation for EPSs.

To examine whether there were any 51gn1ﬁcant dlfferences in the mean gam |

E scores among the four groups, I conducted a one-way ANOVA on ELLs’ and EPSs’
‘bleamrng gams across the four condrtrons The results showed that there were
' s1gn1ﬁcant dlfferences among the groups for both ELLs = OOO) and EPSs (p= 000)

Tukey’s HSD tests for post hoc comparrsons revealed different patterns for

- ELLs and EPSs. The learning gains of ELLs.ln the Everyday—Slmulatlon group was

-srgnrﬁcantly greater than these of ELLs in the other three groups (all ps < 05) which

: 1ndrcates that the comblnatron of the Everyday Language and the Simulation

- approaches can be a powerful pedagogical tool for improving ELLSs’ science learning.
By contrast, EPSs.in the Everyday language conditions, namely the'Everyday-’ |

Simulation and the Everyday-Website groups, demonstrated a significantly better
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ability to articulate their scientific ideas using scientific language than EPSs in the
Hybrid language (the Hybrid-Simulation and the Hybrid-Website groups). Consistent
with findings from the multiple-choice test, the usé of everyday English had a stronger
impact on EPSs’ science learning than the use of computer simulation. Figure 6.9‘
illustrates ELLs’ and EPSs’ mean percentage of learning gains between the pre- and

posttests across four groups.
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Figure 6.9. Mean Percentage of Learning Gains by English Proficiency.
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Effects of the Everyday Language Approach and the Simulation Approach in |
- Decreasing Achievment Gaps between ELLs and EPSs

Does the Everyday Language Approach, and/or the Simulation Approach Help
' Decrease the Learning Gap Between ELLs and EPSs’ o

As addressed in the ear11er sect1on there were s1gn1ficant ach1evement gaps -
’betw‘een ELLs and EPSs across all four groups on the pretest (all ps <.05)7 sug’gesting
v that, prior fo the study, El)Ss were more able to explain scientific ldeas using accurate ‘
- scientific ’lan_guage ,than,l‘ELLs. This ﬁnding supports my argument that ELLs are.likely .
to‘ have less proﬁciency'in sci‘entiﬁclanguage- and to be less :able to use scientiﬁc o
_» language to er(plain their understanding of the cOncepts,'comp‘ared to EPSs.
: " To examine whether teach1ng science in everyday Enghsh and/or us1ng
- computer s1mulat1on decreased those gaps I compared ELLs’ and EPSs posttest
scores us1ng a series of t-tests Surpr1s1ng1y, no mean d1fferences were found on the
posttest between ELLs and EPSs in the Everyday-S1mulatron and the Hybr1d-
Srmulatron groups (F1gure 6. 10) Although EPSs strll achreved slightly h1gher scores
than ELLs in these two groups, the mean d1fferences between ELLs and EPSs were
not.statisticallyvsigniﬁcant (ps>.05). | | | |
‘ By contrast much larger achrevement gaps were found between ELLs and
EPSs who used the website dur1ng the problem-solving act1v1t1es @allps < 05) EPSs in -
the Everyday-Webs1te and the Hybr1d-Webs1te groups s1gn1ﬁcantly, outperformed : B
ELLs, demonstratingthat EPSs were still much better able to elaborate on their
' understanding ot the scientific concepts in sCientiﬁc language than ELLs. These |
 results suggest that usmg computer s1mu1at10n to solve scientific problems can 1ndeed

‘ decrease the existing leammg gaps between ELLs and EPSs by he1p1ng ELLs more

- 146



effectively master not only the content, but also the specialized language of science.
Figure 8 illustrates the mean differences between ELLs and EPSs across the four
groups. Table 6.4 presents the mean scores and the mean differences between ELLs

and EPSs across the four groups.
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Figure 6.10. Comparison of Mean Scores between ELLs and EPSs on the Pre- and
Posttests By Treatment Condition.
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Table 6.4

Comparison of Mean Scores between ELLs and EPSs

N Mean (SD) Difference t Effect
Size

Everyday- ELLs 17 10.26 (3.99) 2.26 1.69 0.51
Simulation

EPSs 39 12.53 (4.86)
Everyday- ELLs 18 6.42 (3.58) 493 3.62%* 1.11
Website

EPSs 36 11.35 (5.19)
Hybrid- ELLs 17 7.06 (3.36) 1.78 1.51 0.46
Simulation

EPSs 37 8.84 (4.29)
Hybrid- ELLs 16 3.25 (3.66) 3.50 2.81%* 0.86
Website

EPSs 40 6.75 (4.41)

This chapter has reviewed how teaching science in everyday English and using

Summary and Discussion

computer simulation together enhance ELLs’ and EPSs’ understanding of scientific

phenomena, as well as their abilities to articulate their scientific knowledge using

_ scientific language in written form. The analyses of students’ performance on the open-

ended tests yield several interesting findings. First, both the Everyday Language

approach and the Simulation approach were found to be significantly effective in

improving ELLs’ science learning. In particular, as I hypothesized, the combination of

teaching science in everyday English and using computer simulation had the most

positive impact on enhancing ELLs’ understanding of the scientific concepts and their

accurate use of scientific language to explain their ideas. ELLs in the Everyday-

Simulation group demonstrated significant improvement between the pre- and the
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| posttests when compared to ELLs in the other three groups ELLs in the Everyday-
.Webs1te and the Hybrid-Slmulation group demonstrated s1milar leaming gains, whereas
ELLs in the Hybr1d-Webs1te group achieved the least 1mprovement These results
: suggest that it is important not only to help ELLs bridge their understanding of smentiﬁc |
: | concepts in everyday language and i in s01ent1ﬁc language but also to prov1de them w1th
| a yariety of opportunities to use scientiﬁclanguage ,while workmg on scientific tasks. .
. Although teaching sciencein everyday Ehglish was also effective in improying .
EPSs’ science learning, the use of computer simulation appeared »t,(; have a very:
marginal impact on EPSs’ ability to.articulate their scientiﬁc understanding in '
appropriate scientiﬁc language Although EPSs i in the Simulation condition stlll
. performed slightly better than EPSs in the Web51te condition the differences between
the two groups were not s1gn1ﬁcant In particular regardless of the use of computer .
E 51mu1ation EPSs in the Everyday-Language condition (the Everyday-Slmulation and the’
Everyday-Web51te groups) performed very 51m11ar1y, and 51gn1ﬁcantly outperformed
. the1r counterparts in the Hybrid -Language condition (the Hybrid- Simulation and the
‘,Hybrid Webs1te) |
- The other 1mportant ﬁnding is that' the use of computer simulati'on during
problemfsolving activities helped close the existing achievement_ gaps between ELLs
~and EPss. The analysis of students’ pretest scores showed that, regardless of the -
_treatment condition, EPSs had.a signiﬁcantly better understanding of scientific ideas
and a .superior ability to elaborate on their understanding ‘by using scientiﬁc language
- when compared to ELh_s. Howeyer, on‘ the posttest, there were no significant

differences between ELLs and EPSs in the ,Simulation condition (the Everyday-
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Simulation and the Hybrid-Simulation groups). By contrast, EPSs in the Website
condition (both the Everyday-Website and the Hybrid-Website groups) significantly
outperformed ELLs in the same groups, and the gaps between EPSs and ELLs became
much more apparent. This result is related to my first finding that the use of computér
simulation was more effective in improving ELLs’ science learning than in improving
that of EPSs, and that its use resulted in the smaller achievement gaps between the two
groups.

These findings clearly indicate that the explicit instruction of scientific
language can be powerful for helping both ELLs and EPSs develop a more complete
understanding of complex scientific concepts; however, what significantly improves
ELLs’ use of scientific discourse are multiple opportunities that encourage them to use
scientific language for different purposes while engaging in scientific tasks. Through
this experience, ELLs are able not only to reconstruct their existing understanding or o
misunderstar;ding of certain scientific phenomena; they are also able to improve their

scientific language skills.
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'CHAPTER 7: RESULTS OF THE STUDENT INTERVIEWS

» Previous chapters have demonstrated that the combination of teaching science
| _in everyday Engl1sh and using computer s1mulatlon to solve sc1ent1ﬁc problems leads
to 1mprovement of both ELLs ‘and EPSs conceptual understandmg of scientific
v phenomena and the1r~use of sclentiﬁc language to articulate their understand1ng -
 correctly. Another important finding_ 1s that the _use of computer simulation for o
problem-solving activities haa a 'pbsitive impact on helpingclose the achievement
gaps ‘between ELLs and EPSs. This chapter explores the effects of these'tvvo teaching
, | approaches in improving students’ abilities to explain‘scientiﬁc'concepts andtheir .
applications 'using accurate scientific language. In this chapter, students" perforrnance
on the pre-' and postQ'interviews are examined across "the four conditions and_by N
students’ English proﬁciency.‘ '} | |
The results of the »student interviews consistently'showed these’{same findin_gs

as the open-'ended tests. The results revealed that the combination‘of the Everyday--
Language and the Simulation approaches dramatically‘. improved 'both ELLs’ and |
EPSs conceptual understandmg of sc1ent1ﬁc phenomena and the1r use of scientific
language correctly, much more than the other three cond1tlons Although both ELLs - '
and EPSs in the Everyday-Slmulat1on group did not have much knowledge about |
photosynthesis and respiration prior to the study, they all demonstrated a concrete
understandmg of the concepts and a better ab111ty to artlculate their understandmg in

appropr1ate sc1ent1ﬁc language on the post-1nterv1ew
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The interview was designed to assess how students explain the1r understandlng
" of photosynthes1s and resp1rat10n using appropriate sc1ent1f1c language Each 1nterv1ew
was semi—structured with nine questiOns c0mprised of equal number‘s ‘of retention, |
' mference and transfer quest1ons (see Appendix D). For the pre- and post-1nterv1ews
three students were randomly selected from each c1assroom stratified by Enghsh
proﬁciency and achievementlevels '(N=24).” All interviewees were either low- or
' ‘middle-achievingstudents according to their academic achievement levels as
, determined by their performance on the standardized readlng and math tests as well as |
thelr teachers’ evaluat1ons Each treatment group had the same number of ELLs and
EPSs withthe‘_,.Same achievement levels for the interview. All students _were E
’ intervie'\iyed individuallyfor approximately fifteen minutes at their .schools_during their
lunchtime or pulled out from their class for the 'interview. All were videotapedand -
* fully transcribed. | |
| To establish the reliability of scores, students’ responses‘ from- the interviews
were scored blindly and independently by two different researchers using a ﬂvve.-point -
‘ (0-4)'rubric (Table 7.1). The ruhricv‘was designed hased on the categorization schemes
of other researchers tov'assess students® level of understanding‘of the scientiﬁc .
concepts and'proficiency m using scientific language accurately (Barnett et al., 2006;
| Hansen et al.,“ 2604; Simpson & Marek, 1998). ‘The rubric categories ranged from 0
(misconception) to 4 (complete understandmg) dependmg on the accuracy of

explanatrons and the correct use of sc1ent1f1c language. A score of 4 was glven to

" " Three students who mlssed the second mtervrew were excluded from the analysis. :
12 Because some schools did not have official record of students’ science achievement levels, I collected
each student’s general achievement level based on their standardlzed test scores on math and readmg,
- well as their teacher’s evaluatlon
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responses that showed a complete and elaborate understanding of the concepts in
scientific language. A score of 3 indicated that the response demonstrated a clear
understanding of some concepts but lacked one main concept or contained vague
details. A score of 2 showed that the given response was.correct, but lacked more than
two key concepts. A sbore of 1 was assigned to responses that provided both correct
and incorrect information, which showed that a student was confused. A score of 0
indicated that the student had a fundamental misunderstanding of the concepts, or the
student was unable to provide any answer. The inter-rater reliability of the interview

was .92,

Table 7.1

Rubric for Scoring Students’ Interview Responses

Score  Label Description

0 Misconception The response contains fundamental misconceptions or
irrelevant information or no response is provided.

1 Confusion The response contains both a correct understanding and
inaccurate information about scientific phenomena.

2 Partial Understanding The response is accurate but lacks more than two key
concepts.

3 Sound Understanding The response shows a clear understanding of some

(Incomplete) concepts but lacks one key concept or contained vague

details.

4 Complete Understanding  The response is elaborate, complete, and accurate with
details.

Each question was worth four points with a maximum score of 36. Each
student’s total score was divided by the number of questions (n=9) to measure their
level of understanding of photosynthesis and respiration before and after the treatment.

In previous chapters, I used students’ total scores for the analyses because each
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question in the multiple-choice and the open-ended tests was scored based on a correct
concept instead of a level of understanding. However, analyzing students’ total
interview scores would not be an accurate assessment of their overall level of
understanding. Thus, instead of a total score, the total score divided by the number of
questions was used for the analyses.

Results of the student interviews are presented in the following four sections.
The first section examines students’ pre-interview scores by condition and English
proficiency, to ensure that there was no difference in students’ prior scientific
knowledge and their ability to explain their understanding in scientific language. The
second section explores the overall impact of teaching science in everyday English
and using computer simulation on students’ science leaming by comparing their pre-
and post-interview scores. The third section examines how these two teaching
approaches affected ELLs’ performance when compared to that of EPSs’. The fourth
section documents whether these teaching approaches helped close the learning gaps

between ELLs and EPSs.

Pre-Interview Results

To determine whether there was any difference among the students prior to the
study, I conducted a 2 (Language) X 2 (Simulation) univariate ANOVA with scores
on the pre-interview. The ANOVA did not reveal any main effects or interaction
effects among the variables, indicating that there was no pre-existing difference

among the students prior to the study across the four conditions (all F's < 2.0). Because
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B Variable’ was not included in the statistical analysis. The descriptive analysis of ELLs

; each cell alone contained a sample size that was too small, the English proficiency

b

and EPSs’ performance on the pre-1nterv1ew showed that ELLs and EPSs performed o

| 51m11ar1y in the Everyday-Slmulatlon and the Hybr1d Web51te groups whereas there

* was no noticeable dlfference between ELLs and EPSs in the Everyday-Webs1te and -

the Hybrld Simulatlon groups (Figure 7.1). These ﬁndmgs 1nd1cate that, prior to the
study, all students had a s1mllar level of understandmg of photosynthe51s and .
resplratlon,‘as well asa 51m11ar ab111ty to explam the1r sc1ent1ﬁc‘1deas us1ng smentiﬁc .
. language. Tabl_e 7.2presents the rnean scores and standard deviation (SD) across the'

four groups. -

#ELLs

@ EPSs

Mean Score
Y

”]I I

.. Everyday- Everyday-- Hybrid- '  Hybrid-
Simulation Website Simulation | Website

Figure 7.1. Mean Difference Between ELLs and EPSs on the Pre-Interv‘iew.'
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Table 7.2

Means and Standard Deviations for the Pre-Interview

Treatment Group N Mean (SD)
Everyday-Simulation All 6 0.44 (0.41)
ELLs 3 0.41(0.34)
EPSs 3 0.48 (0.55)
Everyday-Website All 6 0.69 (0.59)
ELLs 3 0.41 (0.13)
EPSs 3 0.96 (0.79)
Hybrid-Simulation All 6 0.87 (0.59)
ELLs 3 - 0.67(0.73)
EPSs 3 1.07 (0.45)
Hybrid-Website All 6 0.41 (0.23)
ELLs 3 0.41(0.23)
EPSs 3 0.41(0.28)

Effects of the Everyday Language Approach and the Simulation Approach

Does the Everyday Language approach and/or the Simulation approach improve
students’ ability to articulate scientific concepts and their applications?

To test the effects of the Everyday Language approach and the Simulation
approach in promoting students’ understanding of scientific concepts and their use of
scientific language, I conducted a 2 (Language) X 2 (Simulation) X 2 (Learning Gain)
repeated measures ANOVA. The between-subjects variables were Language
(everyday language or hybrid language) and Simulation (simulation or websife), with
Learning Gain (the difference in mean scores between the pre- and post-interviews) as
a within-subjects factor. Because of the limited sample size, English proficiency was
not included in the statistical.analysis; instead, the descriptive analyses of ELLs’ and

EPSs’ performance were conducted separately.
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Con51stent w1th prev1ous results of the mult1ple-ch01ce and the open -ended
tests the ANOVA revealed a 51gn1ﬁcant main effect of Learnlng Gain, F(1, 20) =
106.37,p= 000 Palred t-tests uncovered that students in the Everyday-Slmulatlon

| the Everyday-Web51te and the Hybr1d Slmulatlon groups showed a 51gn1ﬂcant -
. 1mprovement over time (all ps <.02). Although students in the Hybrid-Website group |

also performed better on the post-interview, the'dlfference was statistlcally marglnal

- (p = .06)v. As expected, students in the Everyday-Simulation group again demonstrated

the greatest learning ga1n of 2. 56 (SD =0. 72) by i 1mprov1ng from a mean score of 0.44
(SD= 0 41y to 3. 00 (SD =1 00) whereas students in the Hybrld-Webs1te group.
~ showed the least 1mprovement between the pre- 1nterv1ew (M—O 41, SD—O 23) and the |
| post-interv1ew (M‘] 20 SD=0. 87) by gaining only 0.80 pornts more. In other words
prior to the study; students in both the Everyday-Slmulatlon and the Hybrrd Web51te |
- groups d1d not have much screntlﬁc knowledge of photosynthes1s and respiration
however after the. treatment, students in the Everyday-Slmulatlon group demonstrated
‘ a sound understandrng of the scientific concepts by providing a clear, elaborate
response with some vague details, whereas students in the Hybrld Website group '
showed conﬁ151on about photosynthe51s and respiratlon by prov1d1ng both correct and
incorrect concepts in therr responses. Similar to the prev1ous findings, students in the
‘ "Everyday-Website and the Hybringirnulation showed similar learning gains, which
indicates that either the Everyday Language approach of the Simulation approach |
‘alone would have similar effects on students; science learning. Table7;3 presents ‘

students’ performance on the pre- and the post-interview by treatment groups.
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Table 7.3

Comparison of Mean Scores and Learmng Gains between Pre- and Post-Intervzews

Condition n-  Pre- - Post- - Gain(SD) ~ Gain- ot - Effect
' Interview  Interview ' Percentage . Size
o - (SD) (SD) (%) . ,
Everyday- 6 - 0.44(041) 3.00(0.65) 256(0.72) 64.00 865 471
-_'Simulationvv ' . : - :
Everyday- 6  0.69(0.59) 226(092) 156(1.02) 3900  377* - 203
Website : , , o . S
. Hybrid- 6 087(0.59) 243(072) 157(037) 3925 - 1025%** ..237
Simulation v o : : o s
 Hybrid- © 6  041(023) 120(087) 080(0.81) 2000 240 - 124
Website B : ' » , TR v T
© *p<0.05S.
. *¥*p<0.01. o
+++p20.001.

i There was also an 1nteraction effect between Leammg Gain and Language F (l, S

| 20)= 8 00 p= 010 1ndlcat1ng that students taught in everyday Engllsh (namely, the -
' nEveryday-Simulatlon and the Everyday-Websnte' groups) showed a s1gn1ﬁeantly

| ‘gre'ater* improvement than those taught in hybrid language lth,e' Hybrid-Simulation and
the HybridQWebsite groups). Similarly, the' effect of simulation was'also Signiﬁeant in
improvingstudents’ overall performance, F(1,20)=17.67, p =.012. Students \}Vho used '
the simulation program (lEveryday-Simulation and the Hybrid—Simulation) to solye
s01ent1ﬁc problems showed a better ability to articulate their understandmg of ”
photosynthesis and. resplratlon, compared to those who used the website (Everyday-
Websnte and the Hybrid-Website groups). These findings indicate that the Everyday
Language approach and the Simulation approach are both effective in,helping students

:develop the ability to elaborate their scientific ideas by using accurate scientific
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language, which clearly supports my hypothesis. There was no three-way interaction
effect between Learning Gain and Language on Simulation, F(1,20) =0.13, p = .73.
Figure 7.2 illustrates students’ performance on the pre- and the post-interviews by

condition.
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Figure 7.2. Comparison of Mean Scores between the Pre- and Post-Interviews.

Similar to the analyses of the multiple-choice and the open-ended tests, the
results of a one-way ANOVA revealed that there was a significant mean gain
difference among the four groups, F(1,20) = 5.27, p = .008. Post hoc comparisons
reported that the mean gain score of students in the Everyday-Simulation group was
significantly higher than that of students in the Hybrid-Sirriulation (p =.004). This
finding suggests that the combination of the Everyday Language approach and the

Simulation approach can be a powerful instructional approach that can improve not
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only students’ understanding of complex scientific phenomena, but also their ability to
articulate ideas using appropriate scientific language.

For example, during the pre-interview, when students were asked to explain
how the color of Bromothymol blue in three tubes would change (Figure 7.3), none of
the students in either the Everyday-Simulation or the Hybrid-Website groups were
able to provide a correct answer. However, when they were asked to answer the same
qu.estion during the post-interview, four students (67%) in the Everyday-Simulation
group provided a perfect answer with all the details (receiving a score of 4), and one
additional student (17%) demonstrated a sound understanding (receiving a score of 3).
By contrast, three students (50%) in the Hybrid-Website group still showed a
fundamental misconception (receiving a score of 0), and three students (50%)
provided a confused answer that consisted of both correct énd incorrect information

(receiving a score of 1).

Bromothymol blue is a special dye that changes its color
when there is carbon dioxide. Bromothymol blue is blue in
color, but when there is some carbon dioxide, it becomes
green. When there is a lot of carbon dioxide, it becomes
yellow. There are three tubes. In tube A, I put a water snail
and a water plant. In tube b, I put a water plant. And in tube
c, I put a water snail. I have dropped some Bromothymol
blue into each tube and I have also added carbon dioxide to
each tube. So they are all green now. I will keep these tubes
under light for 24 hours. After 24 hours, what do you think
the color of the water in each tube will be? Why?

Figure 7.3. An Example of the Transfer Questions.
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: The enample'sbelow show the eﬂ'ects of teaching science in everyday English " “
.and using ,computer simuiation on students’ understanding of the scientiﬁc‘?coneepts,
as well as their ability to apply scientiﬁc knowledge to new problems. Two EPS'S,‘
| a Susanlj'fr.om the Everyday;Simulation group and Adrianna from the Hybrid-Website
- group, who had 51m11ar prlor knowledge and ach1evement levels were chosen for
comparlson (Table 7. 4) Both Susan and Adriana were female, m1ddle ach1ev1ng EPSs. |
w1th the same score of six on the multiple-choice pretest. On the open-ended pretest

' v’ Adrianna from the Hybrid-Web51te performed better than Susan

. Table 7.4

| Background Informatlon of Susan and Advinana

Treatment - Gender - Achlevement _Multipleéchoice - Open-ended

" Group . " Level - Pretest (max=18) " Pretest
- ‘Susan . - Everyday- F . .~ Middle 6 . . 1 '
. ‘ Simulation » o . L
Adrianna  Hybrid-Website ~~ F Middle - 6 45

| During the pre-interView, Susan: from the Eyeryday-Simulation group and '
:Adriana from the H&Ibrid-Web’sitegroup used a scientiﬂc terrn; “carbon dioxide,” but
‘_ they both demonstrated a fundarnental misconception of the term and faiied to provide
correct reaSOnling‘for their answers (both reeeiving a seore of 0,7 which indicates their
responses contained fundamental rnisconCeptions Orirr'elevant information). The

following excerpt reflects Susan’s pre-interview answer for the question.

1_3 Pseudonyms were used throughout the study. *
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 K:...After 24 hours, what do you think the color of the water
~ ineach tube will be?

© S: I think tube-A might be yellow because maybe plants have
carbon dioxide and so do snails, so it might be yellow. I think
tube-B might be...might be...it should stay green because
plants have carbon dioxide too. I think tube-C might turn - ‘
yellow, too, because I think like...I think that maybe the water
snail mlght have more carbon dioxide. .
“In Ithis excerpt, Susan appeared to have a limited un'derStanding that carbon
~ dioxide is somehow related to plants and water Snails, saying that “A‘plants have carbon
dioxide and so do snails.” However, she failed to use the 'terrn‘“carbon dioxide”
' accUrately by saving that plants iand' vvater snails ‘v‘»‘have” carbon diox‘ide, instead of i
1nha11ng,” “exhahng, or “breathing in/outv” Her incorrect answers regarding the ,

. color of each tube also demonstrated that she did not have a concrete understandmg of A
‘ photosynthesis and'respiration. For example, she predicted that the Tube A would turn'
yellow (the correct answer is green) and Tube B would stay green (the correct answer
-is blue) because both plants and snalls “have carbon d10x1de This statement clearly

- shows that she did not understand that plants inhale carbon dioxrde.during
| photosynthesis. Regarding the color of the water in Tube C, Susan predicted'correctly
that “Tube C might turn yellow,” but she did not provide a correct reasoning' to :
support her ansvver by sayin'gdthat “the water snail vmight have more carbon dioxide"’.
(receiving a score of 0). |
Similarly, in the following excerpt from the pre-intervievv, Adriana from the
Hybrid—Website group showed some understanding that plantsuse carbon dioxide for

photosynthesis, but she misunderstood that plants exhale carbon dioxide during

- photosynthesis instead of inhaling it (“plants give off carbondioxide”).
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K: ...After 24 hours, what do you think the color of the water
in each tube will be?

A: Um, I think that for sure that tube-B is going to be yellow
because plants give off carbon dioxide and in (A) I think that
it would be the same results as tube-B. And in (C) it would
stay green because I don’t think the water snails would
produce carbon dioxide.

K: Okay. So you think that (A) and (B) will turn yellow.
And why do you think that (A) will turn yellow?

A: Because there is a plant in it and a snail.

She also had an incorrect idea that animals do not “produce” carbon dioxide
when they breathe (“I don’t think the water snails would produce carbon dioxide™). It
is unclear from this excerpt whether Adriana did not know the fact that animals
breathe just like plants, or whether she understood the fact that animals breathe but
mistakenly thought that animals exhale something else other than carbon dioxide
during the breathing process (receiving a score of 0).!

Although both students initially demonstrated a misunderstanding of
photosynthesis and respiration and failed to provide correct reasons for their answers
during the pre-interview, on the post-interview, Susan from the Everyday-Simulation
group showed significant improvement. After she received science instruction in
everyday English and used computer simulation for problem-solving activities, she
demonstrated a complete understanding of the scientific concepts and an improved
ability to apply her knowledge to solve the problem (receiving a score of 4, which

means that she demonstrated an ability to provide elaborate, complete, and accurate

" In order to keep the interview procedure fair, I did not ask Adriana an additional question to clarify
her answer.
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response with details). The following excerpt presents Susan’s response to the same

question after the treatment. -

~ K: ...After 24 hours, what do you th1nk the color of the water
in each tube will be? o

S: I think tube-A will be blue, no wait, I think it will stay
green because the snail, it gives out carbon dioxide and the -
plant, it breathes in carbon dioxide. So the plant, I mean the
snail, gives the carbon dioxide to the plant and the plant gives
the oxygen to the snail, and I think it will turn it to green

. because there is...like there is some carbon dioxide.

. K: Okay, how about (B)‘7

S (B) Iam thmkmg it will be blue because the plant it only
" breathes in carbon dioxide during when there is energy and 1t
~does not breathe in oxygen. :

K: How about (C)?
S: Tube-C will be yellouv because the snail only breathes out
carbon d1ox1de and it can’t get any oxygen. ,

’In‘thi's e)rcerpt; Suéan frorrr the EVerydayrSimulatjon' grou‘p‘ demohstratetl a | »
perfect uhderstandihg of the process of 'phOto‘synthesis,vby eXplainihg that “[the. snail] "
gives out carbon dioxide and. [the plant] breathes in .carbon"d,io‘,xiide .. 7[the snail] giyes |
'the carbon dioxide to the plant 'and’ the plant glves the oxygen to the snail.” S-he aleo '
successfully applled her understandmg of photosynthe51s to the new problem and
provided not only accurate answers, but also complete reasomng behmd her ahswers |
(recervmg a score of 4).

By contrast, aﬂer the treatment, Adriana from the Hybrld Web51te group
’developed some understandmg of the role of carbon dioxide in photosyntheSIS

' explammg that “the water plants w1ll take in the carbon dioxide” but she d1d not
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specify when plants would take in the carbon dioxide. She also still showed a
misunderstanding of animals’ breathing process when she stated that “the water snail
doesn’t do anything.” The following excerpt presents Adriana’s response to the same

question on the post-interview.

K: ...After 24 hours what do you think the color of the water
in each tube will be? ’

A: I think that tube-A will be green and then tube-B will
green, and then tube-C would be...no, I think that tube-A will
be blue and tube-B will be blue, and then tube-C will stay
green.

K: Can you explain why you think they will be blue?

A: Because the water plant will take in the carbon dioxide
and then the water snail doesn’t do anything. And then in (B)
the water plant will take in the carbon dioxide. And in tube-C
the water snail won’t do anything.

From Adriana’s excerpt, it was clear that she still had a limited understanding
of the concepts of photosynthesis. Even after she received the science instruction and
participated in problem-solving activities, she still held her misconception that animals
do not exhale carbon dioxide when they breathe. Because of her partial understanding
of the concepts, she was not able to provide correct answers for the problem (rec¢iving
a score of 1).

These excerpts from Susan and Adriana indicate that the combination of
teaching science in everyday English and using computer simulation approaches can
not only improve students’ understanding of scientific phenomena, but also help them
develop a better ability to use their understanding to solve unfamiliar problems. These

results suggest that it is indeed important to provide all students with both a
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transitional step between everyday language and scientific language and multiple

opportunities to engage in scientific discourse.

Effects of the Everyday Language Approach and the Simulation Approach on
ELLSs’ Science Learning Compared to EPSs’ Science Learning

Does the Everyday Language Approach, and/or the Simulation Approach
Improve ELLs’ and EPSs’ Understanding of Scientific Phenomena Differently?

The descriptive analyses of ELLs’ and EPSs’ performances on the pre- and
post-interviews revealed results consistent with those found from the open-ended tests.
As expected, both ELLs and EPSs in the Everyday-Simulation group outperformed the
other three groups, particularly their counterparts in the Hybrid-Website group (Figure
7.4). More specifically, both ELLs and EPSs in the Everydéy-Simulation group had a
significant misconcéption about photosynthesis and respiration prior to the study, but,
after the treatment, they demonstrated a more concrete understanding of the concepts
and were better able to illustrate their understanding with details. By contrast, ELLs
and EPSs in the Hybrid-Website group showed the least improvement over time
among the four groups. In particular, ELLs did not show much improvement even
after the treatment and still demonstrated a significant misunderstanding of

photosynthesis and respiration.
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Figure 7.4. Mean Differences Between the Pre- and Post-Interview Across the Four
Treatment Groups by English Proficiency.

For example, one of the interview questions asked students to explain what
photosynthesis is. During the pre-interview, only one ELL in both the Everyday-
Simulation and the Hybrid-Website group showed a limited, partial understanding of
photosynthesis, while two ELLs in both groups did not have any understanding of the
concept of photosynthesis (receiving a score of 0), or showed fundamental confusion
(receiving a score of 1). On the post-interview, however, these ELLs’ responses to the
same question revealed major differences between the two groups. Two of the three
ELLs in the Everyday-Simulation group demonstrated a sound or complete
understanding of photosynthesis (a score higher than 3), whereas none of the ELLs in

the Hybrid-Website group demonstrated any improved understanding.
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The examples below show how two ELLs in the Everyday-Simulation and the
Hybrid-Website groups developed their understanding of photosynthesis after the
treatment. Two ELLs who had similar prior knowledge, as well as the same CELDT

level and achievement level, were chosen for comparison (Table 7.5).

Table 7.5

Background Information of Maria and Brandon

Treatment Gender CELDT  Achievement Multiple-choice = Open-ended

Group Level Pretest Pretest
{max =18) (max =24)
" Maria Everyday- F 3 Low 4 2
Simulation
Brandon Hybrid- M 3 Low 3 2
Website ‘

Maria from the Everyday-Simulation group and Brandon from the Hybrid-
Website group were ELLs with CELDT Level 3 and were identified as low-achieving
students. During the pre-interview, they both failed to demonstrate confidence in their
answers and seemed confused about the role of oxygen and carbon dioxide in
photosynthesis (receiving a score of 1, which indicates that the response contained
both a correct understanding and inaccurate information about scientific phenomena).
The following excerpt is from Brandon’s answer (Hybrid-Website group) to a question

about the concept of photosynthesis during the pre-interview.
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K: Okay, can you explain photosynthesis?
B: Um...photosynthesis is....[long pause] I’m not sure.

K: Okay, sure. It’s okay. What do plants need for
photosynthesis?

B: Water? [pause] and the sun...and...carbon dioxide.
K: What is that [carbon dioxide]?

B: I don’t know...um...some water and sun...[long
pause] ...and oxygen?

K: And what is oxygen?

B: Oh, oxygen...oxygen is...um... what..um..
we...um...breathe, breathe.

K: And what is carbon dioxide?
B: What we breathe out.
K: What do plants produce during photosynthesis?

B: Um...the water?...and... the...sun.

In this excerpt, Brandon showed a confused idea about the process of
photosynthesis. He first correctly listed the three elements for photosynthesis by
saying that plants need “water?...and the sun...and...carbon dioxide,” but when he
was asked to explain the definition of carbon dioxide, he modified his answer to
“some water and sun, and oxygen” This indicates that he did not have a clear
understanding of oxygen and carbon dioxide in photosynthesis. He also misunderstood
that plants produce “water and the sun” during photosynthesis (receiving a score of 1).

Similarly, Maria in the Everyday-Simulation group was able to use some
scientific vocabulary to describe photosynthesis, such as “éarbon dioxide” and

“oxygen,” but just like Brandon, she was confused about the role of oxygen and
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carbon dioxide during photosynthesis.

K: Okay, can you explain photosynthesis?

M: Um, photosynthesis is, I think, is...it comes from the
plants, I think. The food, I guess.

K: Okay. What do plants need for photosynthesis?

M: Um, uh, I think it will need some water, sun and air to
make photosynthesis.

K: What kind of air?

M: Carbon dioxide...and wait! oxygen.

K: What is carbon dioxide?

M: Carbon dioxide is like, um...it is a type of air, I guess.
K: What is oxygen?

M: Like the air that we breathe in.

K: What do plants produce during photosynthesis?

M: Plants produce, um, carbon dioxide and, um, it helps,
um...it like...it helps...it helps the animals and the people
around.

Maria initially provided the three elements for photosynthesis accurately,
stating that plants need water, and air. When she was asked to specify what she meant
by “air,” she provided an accurate scientific term, “carbon dioxide,” but soon to
change her answer to “oxygen.” She also demonstrated a misconception that “plants
produce carbon dioxide” during photosynthesis. She appeared to have limited
understanding that plants produce a type of air which helps plants but failed to

articulate her understanding in appropriate scientific language (receiving a score of 1).
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These examples were typical of most students’ responses before the treatment,
including the responses of EPSs, such that there was a lack of connection between
students’ understanding in everyday language and in scienﬁﬁc language. However,
after the treatment, Maria from the Everyday-Simulation group demonstrated an
improved understanding of both the content and the language of science. She provided
a complete answer with many details — such as, what photosynthesis is, what plants
need for photosynthesis, and what plants produce during photosynthesis — and used

scientific language to articulate her understanding accurately.

K: Okay. Can you explain photosynthesis?

M: Photosynthesis is when the plant breathes out oxygen and
breathes in carbon dioxide.

K: What do plants need for photosynthesis?

M: Plants need energy from photons, so they can make
glucose. It is a sugar that helps us people get help.

K: What kind of energy do plants need for photosynthesis?
M: Photons.
K: What are they?

M: Um, like, little.. little types of particles of energy from
the sun.

K: Okay. What else do plants need for photosynthesis?
M: Plants need carbon dioxide.

K: What is carbon dioxide?

M: Bad air that people and animals breathe out of.

K: Okay. What do plants produce during photosynthesis?
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M: Plants produce glucose and it helps the people and
animals that...oh yeah! first the animals and then after they
are humans and, um, we get health by glucose sometimes and
that is what keeps us alive.

K: Um, what else do plants produce during photosynthesis?
M: They, um, produce some, um, they produce oxygen
because they only breathe in carbon dioxide, but they breathe
out oxygen.

K: What is oxygen?

M: Oxygen is a clean air that we breathe in now that helps us
breathe and stay alive.

In this excerpt, Maria successfully explained both the process and the
byproduct of photosynthesis by using accurate scientific language. She demonstrated a
correct understanding that plants need “photons,” which are “little types of particles of
energy from the sun” and carbon dioxide, which is “Bad air that people and animals
breathe out of.” She also elaborated that during photosynthesis, “plants produce
glucose and oxygen” and even provided an additional explanation that they “helps the
people and animals.”

By contrast, in his post-interview, Brandon from the Hybrid-Website group
was still unable to provide a clear understanding of photosynthesis and continued to

struggle with the accurate use of scientific language.

K: Okay, can you explain photosynthesis?

B: Photosynthesis...is...[long pause] photosynthesis is [long
pause] I am just forgetting right now. Photosynthesis is...is
like...[long pause]... is...photosynthesis is, ummm...is
something inside the plant...that helps the plant catch carbon
dioxide?
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K':VWhat is carbon dioXide‘?

B:Itis.. .carbon dioxide is eomething that we hreathe out. “’
- K:"IOkay. So what do plants need for.photosynthe:slie? o
B: Carbon dioxide. | | |

K: Anything else? ‘

‘ B The sun, the water v..the soil.-

- K: What do plants produce durmg photosynthesrs‘7 v

B: They produce oxygen. Yeah No they produce they
produce what they suck in...No, they produce.. carbon .no
, they produce carbon dioxide.

K: Andwhat.rs carbon dioxide again? “

- B: Something that we hre_athe ouﬂt.‘ o

K:Is there anything else that they produCe,‘.7

B: They produce.. .[1ong pause]. .’.water vapor.

- From Brandon’s excerpt, it was evident that he remembered some'scientiﬁc

facts from the instruction that he had received, such as the deﬁnition' of carbon dioxide

(“carbon dioxide is something that we breathe out”), but was confused about several

sub-concepts of photosvynthesisb. For example, when he was asked to expltain‘

'photosynthesis, he thought photOsynthesisyyas “something inside the plant that helps

* the plant catch carbon dioxide,” which indicates that he confused the process“itsel’f

with the deﬁnit_ion of stornata, which absorb carbon dioxide during photosynthesis. He '

also managed to use scientiﬁc language(e.g., carbon dioxide and ‘oxygen), but failed -

to.use it accurately to explain the concepts. When he was asked to explain what plants

i produce during photosynthesis, he confused the byproduct of photosynthesis with that‘

of respiration, by saying that “[plants] produce water vapor.” These excerpts from
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Maria and Brandon suggest that teaching science in everyday English and using
computer simulation can help ELLs acquire a concrete understanding of scientific

concepts and the ability to use specialized language to describe those concepts.

Effects of the Everyday Language Approach and the Simulation Approach in
Decreasing Achievment Gaps between ELLs and EPSs

Does teaching science in everyday English, and/or using computer simulation
decrease learning gaps between ELLs and EPSs?

To examine whether the Everyday Language apporach and/or the Simulation
approach helped decrease the gap between ELLs and EPSs, I compared ELLs’ pre-
and post-interview scores to those of EPSs across the four conditions. As shown in
Figure 7.5, EPSs showed a slightly better understanding of photosynthesis and
respiration than ELLs, regardless of the condition on the pre-interview, except for the
Hybrid-Website condition. Both ELLs and EPSs in the Hybrid-Website condition
achieved the same score on the pre-interview, indicating that they had a similar level

of understanding of photosynthesis and respiration prior to the study.
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Figure 7.5. Mean Differences between ELLs and EPSs by Treatment Condition.

The descriptive analyses of ELLs’ and EPSs’ performance on the interviews
revealed that, although both EPSs and ELLs demonstrated improved scientific
knowledge and a better ability to use accurate scientific language after the treatment,
EPS:s still outperformed ELLSs on the post-interview, regardless of the treatment
groups. The gaps between ELLs and EPSs in the Everyday-Website and the Hybrid-
Simulation groups can be explained by the initial differences between ELLs and EPSs
on the pre-interview. By contrast, despite the lack of prior difference between ELLs
and EPSs on the pre-interview, EPSs in the Hybrid-Simulation group performed better
than ELLs in the same group on the post-interview. The mean difference between the
two groups of students was also relatively noticeable as compared to the other groups,

which has been a consistent finding across the measures. Due to the relatively small
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: sainpie size in each‘ cell, it is statistically difficult to conclude thatthe Everyday
-Language and/or the Simulation‘ approach'could help decrease the gap ‘between ELLs .

| and EPSs in articulating their scientific ideas in scientific language. Nevertheless, this o

finding indicates that the potential disadvante of teaching science in hybrid language

E and.' using the website o‘nELLs’ science leaming, as _compared to_other teaChing

1 approachest For a more accurate‘anaiysis;future "re.search vneeds to include a larger

sample of ELLs and EPSs. -

Summary and Discussion ..

'. This chapter has reviewed the irnpactof teachin'g science in everyday EngliSh _':
and *usingcomputer simulation on students’ understanding of photosynthesis and ’
resplratlon and their ability to demonstrate their understandings by using appropriate

scientific language in spoken form. Cons1stent with the results of the multiple cholce
and open-ended tests, the analyses of students pre- and post-interviews revealed that ‘
the conibination o.f the Everyday Language approach and the Simulationapproach 'Was -
most effective, both in advancing students’ understanding of the 'scientitic concepts | |
and in improving their ability to -articulate the scientific knowledge in the specialized
scientific ianguage. In particular, the combination of these two instructional |
approaches was significantly more .effective in enhancing students’ scienceleaming, C
' vas compared to. the combination of teaching science in hybrid lan'guage' and using the
' webs1te For example prior to the study, students in both the Everyday S1mu1ation and ‘
, the Hybr1d-webs1te groups were either unable to prov1de an answer, of showed a |

serious misunderstanding of photosynthesis and respiration. However, after the
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treatment, students in the Everyday-Simulation group not only demonstrated a more
elaborate and complete understand1ng of photosynthes1s and resp1rat10n but also used
sc1ent1ﬁc language accurately to articulate their understandlng and reason1ng
By contrast, even aﬁer the treatment, students in the Hybr1d-Webs1te group
were still confused about the complex processes of photosynthesis and respiration, |
: particularly how they were related to each other and hovv) theyvverediﬁ.'erent from one .
another Students in this group also had difﬁcultles mak1ng connectlons between the1r '
understandlng and the proper use of sc1ent1ﬁc language Although many students ’
showed a better ability to recall scientiﬁc terms on the post-intervievv than on the pre- |
interview, they frequently failedto use the scientiﬁc terms accurately to articulate their -
_understandlng of the concepts They were pamcularly confused about the roles of
carbon d10x1de and oxygen in photosynthes1s and respiration ‘These results suggest
that it is 1mportant not only to teach students_ scientific language to better understand - '
scientiﬁc phenomena but also to provide students with an opportunity touse the
newly acquired language by workmg on scientific tasks with others
The 1nd1v1dual effects of the Everyday-Language approach and the Simulation
approach were also sngmﬁcant in advancing students “ability o use scientific language.‘
The use of either approach alone (the Everyday-Website and the Hybrid-Simulation
groups)» had a similarly positive impact on the improvement of students’ understanding
of the scientific phenomena and the ability to elaborate their understanding in
appropriate scientiﬁclanguage. Like other students, students in both groups started

_ with a fundamental misconception about photosynthesis and respiration; however,
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. they both. demonstrated a partially accurate understandingof the conceptsaﬁer the
treatment. : - | |
: ,Of particular interestis:that student.s 1n the Hybrid-Simulation group
‘ demonstrated a similar improvement' to those in the Everyday-lNebsite group because .
students taught in hybr1d language tended to have a confused understandmg of the
: 4sc1ent1ﬁc concepts even after the. treatment This ﬁnding 1mp11es that the 51mulatlon '
environment can help students modify their misconceptions, thereby, increasing their.
understanding of scient_iﬁc 'ideas.'One possible explanation is that students in the
Simulation condition could easily reconstruct. their understanding of the conceptsv by
testing their hypotheses and seeing the immediate results. During the problem-‘solving; o
~act1v1t1es I observed that several tr1ads 1n1t1ally formulated incorrect hypotheses
reﬂecting their misconceptlons of photosynthe51s and resplration Yet after watching '
the results of the1r experlments' from thes1mulatlon program, they soon realized that
their prediction was incorrect and were suddenlyjable to rectify theirvprevious |
| : misconceptions. | |
| Another explanation is that the use of the simulation program activities 'i
‘provided. students with more opportunities to share their scientific knowledge with the - -
' members of the triad and to learn from each other. Students in the Simulation -
condition were observed to spend more time in solv1ng each problem because they
were allowed to test as many hypotheses as they wanted. Durmg th1s process all three
members in the triad had multiple opportunities to make predictions, explain the
} reasoning behind their suggestions, and argue about any conflicts with their triad

~members, all of which led them to participate in the discussion more actively than
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~ those in the Website condition. A more adequate explanation of thisﬁnding can be
o found through a closer examination of studentsb’ 'discu.ssions collected during the |
problem-solving actiuities.,“Even th'ough it was not possible due to current time
: co'nstraints,vin the future, [ intend to analyze the videos of groupdiscussions and

| interactions and explore how'theuse of computer simulation ‘affected the process ‘of ‘
4 students" knowledge building and.their‘development of,scientiﬁc language. : |
- Given the positive effects of both the Everyday-Language and the Simulation o

- approaches on students” science learning, I‘ enamined Whetherthese approaches had .
R differe_nt inﬂuences on 'EL‘Ls’ and El’SS’ performance. The results ‘r'eve.aled that the :

' 'combination ofthe Everyday-.Language’and the JS‘im'ulation: approaches dramatically', :
improved both ELLs’ and EPSs conceptual understandmg of scientiﬁc phenomena
and their use of scrent1ﬁc language correctly, much more than the other three =
conditions Although both ELLs and EPSs in the Everyday-Simulation group dld not
have much knowledge about photosynthesis and respiration prior to the study, they all
" demonstrated a concrete understanding of the concepts and a better ability to articulate )

their understanding in,appropriate scientiﬁc 'language on the post-interview. |
Consistent with the results of overall eft"ects, both ELLs and EPSs in the |
Everyday-Website and theHybrid-Simulation groups_,achieVed similar learning gains,
demonstrating a partial understanding of the concepts after the treatrnent. On the post-
' interview, EPSs in the Everyday-Website and the Hybrid-Simulation pert‘onned better -
than ELLs_ in those same groups, whichcan be partially explained be their higher

- scores on the pre-interview.
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The most interesting ﬁnding was the leaming gap between ELLs in the ,
.Everyday-Sinrulation and the Hyhrid-Website group‘s. ELLS in both groups did not
~ seem to have vmuch nnderstanding of photosynthesis Iand respiration prior to the study.
After the treatment, however, ELLSs in the Everyday-Simulation developed both a |
COncrete understanding of the scientific phenomena and a better ability to use
scientiﬁc language intheir responses. By contrast, ELLs. in the Hybrid-Simulation E
gronp still held clear mi'sconceptions about the processes of ‘photosynthesis and
~ respiration and frequently used scientific language incorrectly.A In particular, none of
theELLs in the Hybrid-Simulation group showed a sound nnderstanding of the
A- concepts (a score of 3) in»any of the nine intervievv questions. These‘ results clearly
“indicate that intrvoducing new concepts about scientific phenomena .using Unfarnili'ar S
scientiﬁc language ,indeed hinders ELLs from understanding;'both the'COncept and the
, language of science.‘ The results also demonstrate that providing ELLs with |
collaborative activities does not always or necessarily lead to positive outComes;
~ therefore, it is important to ﬁnd ways that can enhance their collaborative learning and
increase‘students’ scientiﬁc discourse during the activities. These ﬁndings suggest the
stron'é potential advantage of the combin,ation of the Everyday Language .and the
, Simulatipn approaches for improving Eth’ science learning.
Althoiigh the descriptive analyses revealed that there was 'a noticeable
| achievement gap on the‘ post;interview between ELLs and EPSs in the Hybrid-Website
group than in the other three groups, it was statistically difﬁcult to determine whether

the Everyday Language approach and the Simulation approach helped decrease the
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. gaps between ELLs and EPSs due to the small sample size of the interview

participants. For future research, it is important to have a larger number of participants.
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CHAPTER 8: CONCLUSION

“ ‘ Given the rapidi‘nerease‘ of the ELL nonulation in the United States,- itis.

‘ essential to provide access to high quality education:that can- help ELLs de'v'elon both a ",
o strong conceptualv understanding of academic subjects and,.a nlastery of the appropriate -
level of academie vlanguag.e necessary to succeed in »sehool. This is a particularly

irnoortan.t challenge in science edueation because fscience employs a speeialized
language tnat eonsists of eXtensiyet’echnieal yocabularyand complex grammar,
' ‘ﬁtndamentally dit‘ferent from vthe everyday language which most ELLs use in their
e’veryday lives. The purpose of tnis study was to exploreeffective instructional

approaehes that can improve ELLs’ science learning and also help decrease

L achievement gaps Behween ELLs and EPSs. 'The study exarnined ‘theeﬂ’ects of

teachlng smence in everyday Engllsh and us1ng computer s1mulat10n on fostering -
ELLs’ s01ent1ﬁc knowledge and their ability to use smentlﬁc language accurately,
| compared to EPSs. B .

| In this study, ,220~ﬁfth-grade students participated in six one-hour long - |
consecutive science sessions about tne concepts of photoSynthesis and resp‘ira'tion. For
the first th‘ree‘ sess.ions,i students receiyed,individual science instruction about the
seientiﬁe concepts us_ing a eonlputer prograrn. Students in the Eyeryday-Language,,‘v
vcondition (the Everyday-Simulation and the,Everyday-Website groups) Were taught m

everyday language prior to the- 1ntroductlon of scientific language By contrast

B . -students in the Hybrid- Language condltlon (the Hybrld Slmulatlon and the Hybrld-

‘ Webs1te groups) were taught 51multaneously in both everyday language and s01ent1ﬁc o
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language (hybrid language). For the last three sessions, students were randofnly
assigned to triads stratified by gender and English proficiency, and each triad
participated in a series of problem-solving activities. Students in the Simulation
condition (the Everyday-Simulation and the Hybrid-Simulation groups) used a
computef simulation program, whereas students in the Website condition (the
Everyday-Website and the Hybrid-Website groups) used a simple website. Before and
after the study, all students took multiple-choice and open-ended tests, and three
students randomly selected from each class participated in pre- and post-interviews.
This concluding chapter highlights the most important findings of this study by
returning to the research questions. The following sections then address several
limitations of the study, the study’s implications for the science education of ELLSs, the
contributions this research makes to the larger fields of science education and

educational technology, and finally, suggestions for future research directions.

Summary of Findings
In this section, I highlight the findings of the study by answering the research

questions addressed in Chapter 1.

1. Does teaching science in everyday language (the Everyday Language approach),
and/or using computer simulation (the Simulation approach) improve students’
science learning?

The findings of the study supported the hypotheses that both the Everyday

Language approach and the Simulation approach would be helpful in enhancing all

students’ science learning. Students taught in everyday English prior to the
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introduction of scientific language significantly outscored those ,taught in hybrid
| , language on both the lnultiple-choice and the open-ended tests, and also showed a
| better ability to use scientific language to explain' their understanding of key
concepts during the post-int'erview. Sirnilarly? students who used computer'
silnulation during problem-solving activities performed signiﬁcantly better than
: .those"who used the website, and,also prov,ided, more correct answers using
'appropriate scientiﬁc language during the interview. These resuits provide strong
evidence that teachlng sc1ence in everyday Enghsh and us1ng computer 51mu1atlon ‘
can have potentlal beneﬁts for enhanclng students sc1ent1ﬁc knowledge and the1r :
" use of sclentiﬁc,dlscourse. | |
. | :In addition to 'the individualy eﬁ'ect of these two instructionalapproaches,.rthe
o cornbination'of the Everyday Language and the Simulation approaches had the |
most signiﬁcant impact on improving students’, scientiﬁc knowledge 'and their use.
v of sc1ent1ﬁc dlscourse across the measures. Students in the Everyday-Slmulatlon '
" group s1gn1ﬁcantly outperformed those in the Hybrld Simulation and the Hybrld-
“Website groups on both the -mult1ple‘-ch01ce and the open-ended tests. They even
~ demonstrated a hetter ability to articulate their understanding of the concepts in
scientiﬁc language, compared to those in the Everyday-Website group. These
ﬁndings Supported the related hypothesis vvhich proposed that the combination of
the Eveéryday Language and the Simulation approaches Would be most successful
| in increasing students’ scientific knowledge and their ability to use scientiﬁc '

discourse.
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2 Does the Everyday Language approach and/or the Simulation approach.
: Improve ELLs’ and EPSs’ understandlng of sc1entgf c phenomena differently: ?

V,As hypothes1;ed, the results of the study demonstrated that the combination of
the Everyday hanguage and the >Simulation approaches was most effective in |
improving’ELLs"scientiﬁc knowledge and their ability to use scientiﬁc language

: appropriately. An unexpected ﬁnding was that the combination of these" -
_.approaches alsosigniﬁcantly helped EPSs master»ib‘oth the’ new concepts and the

- related language of science. Both ELLsand EPSs in the Everyday-Simulation' ‘_

o group not only demonstrated the greatest leaming ga1ns they also outperformed

» thelr counterparts in the other three groups In partlcular they showed a’ | |
s1gmﬁcantly better understandmg of sc1ent1ﬁc concepts and a superlor abillty to

* articulate their sc1ent1ﬁc knowledge in approprlate s01ent1ﬁc language compared |

“ to ELLs and EPSs in the Hybrld Web51te group

| The analy51s of students 1nterv1ews cons1stently showed these same ‘ﬁndings L

_‘ For example, prior to the study,' students i in both the EVeryday-Slmulatlon‘and the
HYbrid-Wehsite groups were either unable to provide an answer or showed a.

‘ serious m1sunderstand1ng of photosynthe51s and respiration However aﬂer the -
treatment students in the Everyday-Slmulation group not only demonstrated a '-
more elaborate and complete understandmg of photosynthe51s and resp1ration but
also used scientific language accurately to artlculate the1r understanding and

" reasoning. By contrast even, aﬂer the treatment students in the Hybrid- Website

| group were still confused about the comple_x processes of photosynthes1s and

respiration, particularly how the two concepts were related to each other and how
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they were different from one another. Students in this group also had difficulties
making connections between their understanding and the proper use of scientific
language.

Although the combination of the two approaches was beneficial for both ELLs
and EPSs, the effects of the Everyday Language approach and the Simulation
approach on ELLs’ and EPSs’ science leaming were different. The use of the
Everyday Language approach significantly improved both ELLs’ and EPSs’
science learning, whereas the effects of computer simulation were significantly
beneficial for only ELLs. ELLs in the Everyday-Website and the Hybrid-
Simulation groups performed similarly, whereas EPSs in the Everyday-Website
outscored EPSs in the Hybrid-Simulation group. In other words, employing either
the Everyday Language approach or the Simulation approach alone had similarly
positive impacts on ELLs’ science learning. However, for EPSs, the use of
everyday language in science instruction had a more significant effect on
improving their science performance.

These findings suggest that the use of everyday language with which students
are more familiar can reduce the cognitive loads experienced by both ELLs and
EPSs when they learn science. As discussed in Chapter 2, when learning science in
the classroom, students need to understand new information of scientific concepts,
decode the definitions of new scientific language, make meanings between the
concepts and the new language, and articulate their scientific language in both
written and spoken form, all of which significantly increase their cognitive loads.

This process is much more cognitively challenging for ELLs because they need to
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use their second language to complete this learning process. Teaching science in
everyday language can reduce ELLs’ cognitive loads by providing a transitional
step to understand both the language and the content of science so that they would
not need to réceive all new information simultaneously. Although the study did vnot
accurately méasure how ELLs’ cognitive loads would have changed after the
treatment, the findings show evidence that the Everyday Language approach can
decrease ELLs’ cognitive loads, which eventually can help them more sucéessfully
acquire both scientific knowledge and scientific language proficiency. The
findings also indicate that teaching scientific language to ELLs does not
automatically guarantee their ability to use it appropriately when talking and
writing about science. In order to overcome this additional challenge, ELLs should
be exposed to a variety of academic contexts in which they are éncouraged to use
scientific language to communicate their ideas to other people. The positive
outcomes of the study demonstrated that the use of computer simulation during
problem-solving activities can create more of these opportunities for ELLs to share
their understanding and communicate their ideas with peers while experiencing the

process of scientific inquiry, compared to the use of the website.

. Does teaching science in everyday English, and/or using computer simulation
decrease learning gaps between ELLs and EPSs?

The findings of the study demonstrate that the use of computer simulation
during problem-solving activities helped close the existing achievement gaps

between ELLs and EPSs on the open-ended posttests. The analysis of students’
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' performance on the:open-ended pretests revealed that, regardless of the_treatment
condition, EPSs had a signiflcantly better understanding of sci_entiﬁc: ideas and a
supe:riorability to elaborate on their understanding by‘using scientific language -'-
when compared'to ELLs.' However, onthe pOSttest‘ there Were n'o signiﬁcant

. dlfferences between ELLs and EPSs in the S1mulat1on condition (the Everyday-

, vS1mulat1on and the Hybr1d S1mulatlon groups) By contrast EPSs in the Webs1te
condition (both the Everyday Website and the Hybrid- Webs1te groups)

>s1gn1ﬁcantly outperformed ELLs in the same groups and the gaps between EPSs

- and ELLs became much more apparent Th1s result is related to my ﬁrst ﬁndmg

i that the use of computer s1mulat1on was more effect1ve in improving ELLs’ -

. sc1ence learnmg than in 1mprov1ng that of EPSs, and that its use resulted in the_

smaller ach‘ievement"gaps between the two groups.
| These findings ‘clearly‘.indiCate that_expliclt in‘struction in scientific language
~canbe powerful ‘fo,r khelping both ELLs and EPSsdevelop a more complete

‘ “understanding of complex scientific concepts;"vhowever, ELLs’ use of scientiﬁc'

s discourse.lmproves further when they are giyen multiple ‘opportunities that
encourage them to use sc1ent1ﬁc language for. d1fferent purposes wh1le engagmg in
sc1ent1ﬁc tasks. Through th1s exper1ence ELLs are able not only to reconstruct

| their existing understand-rng or m1sunderstand1ng ‘of certain scientific phenomena;

they are also able to improve their scientific language skills.

Overall the results of this study suggest that both teachlng science in everyday

language and using computer 51mulat10n to'solve sc1ent1ﬁc problems can be beneficial
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- for ELLs sc1ence leammg However in order for ELLs to master both the content and
the language of sc1ence it is 1mportant to prov1de them not only with access to
" sc1ent1ﬁc language but also w1th mult1ple opportun1t1es to use this sc1ent1f1c language -

~in d1fferent academ1c contexts because understanding sc1ent1ﬁc language does not
,always sufficiently prepare ELLs to be able to use .the language to communicate their
| understanding of scientific ideas -appropriately. In this study-, ELLs taught in everyday :

language pr1or to the 1ntroductlon of screntific language s1gn1ﬁcantly outperformed
ELLs taught in hybr1d language Th1s ﬁndmg indicates that teachmg science in ELLs ,.
~ everyday language can decrease the cogmtive loads generated by multlple layers of
| “SCienc’e "learning, such as understanding new. COnCepts, decoding new scientiﬁc
vlanguage and makmg meanlngs between the two.

'Among those ELLs taught in everyday language ELLs who used computer !

, simulation durmg problem—solvmg act1v1ties demonstrated both an 1mproved
understanding of scientiﬁcphenomena and a superior ability to use scientific language
'accurately.for different purposes compared to ELLs who used the website to solve
scientific problems of particular interest is that the effects of computer srmulat1on
were found to be only srgmﬁcant on ELLs science leammg, whereas the use of
- computer s1mu'lat1on did not have a s1gn1ﬁcant 1mpact on EPSs’ 'science learning. It is
difflcult to explain why' the computer simulation was only beneficial for ELLs without
analyzing the videos of students’ interactions with the sirnulation program and group
discussions. However‘, one possible explanation is that the manipulation function of
the computer simulation program prov1ded more opportun1t1es for ELLs to change

their misconcept1ons and to engage in different types of sc1ent1fic talk using sc1ent1ﬁc , ‘
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: language. For example, in the simulation environment, ELLs could easily reconstruct )
any miscdnceptions they preyiously held by testing different hypotheses and observing
the 'iimmediate 'results o‘f th.eir scientiﬁc experiments; During‘ this process,b ELLs had to

1 develop different hypotheses manipulate v1rtual objects to design new experiments

| .and reason about the results of the1r experiments all of which required them to use

| SC1ent1ﬁc language At the same t1me ELLs had multiple opportunlties to listen to how

o the1r Eng11sh proﬁclent peers explained sc1ent1f1c concepts and learned ﬁ'om their use ‘v
"of scientific language.

The results of the study also indicate the potential adyantage of computer .
51mulat10n for decreasmg the leaming gap between ELLs and EPSs. The use of
computer 51mulat10n was more effective in enhanc1ng ELLs sc1ent1f1c knowledge and
“ .the1r use of sc1ent1f1c language than the use of the web51te, but the 51mulat10n was not
'.beneﬁcial for EPSs’ science learning. 'Since'ELLs’ performance improved,so ‘
markedly with the use of computer simulation whilethat‘of EPSs remained roughly
| the same, th1s form of pedagogy resulted in no 51gn1f1cant achievement gap between ‘

ELLs and EPSs taught in this manner.

Limitations
* This study had several limitations that should be addressed for future research.
‘One Signiﬁcant limitation is the 'small sample size.ﬂAlthou:gh the study involved:‘220
| _, participants; they were assigned to four different treatment groups, with the~ result that .
- each cell contained a relatively small sample size of students. The findings from the .

interview data are particularly affected by the small sample size; these results cannot
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be generahzed because only 24 students part1c1pated in the pre- and the post-
1nterv1ews Future research must 1nclude a larger number of students in order to :
,v '} generallze the relevance of the ﬁndings fora broader applicatron 1n sclence teaching
and learning. SR | | |
Another limitation that must be addressed before we are able to .generalize'the
: ‘ﬁndings is the single curr1culum unit used in the study Although results of the study
' demonstrated strong p051t1ve outcomes of the Everyday Language approach and the
Simulation approach since students were only taught about photosynthesrs and
| respiration the results produced by the study m1ght not. be dupllcated in other
cumculum units or other science domams In pamcular 1t is 1mportant to note that the 2
' Everyday Language approach might have had posrtlve effects on 1mprov1ng ELLs |
science learn1ng because of the taxonom1cal nature of biology However it might not
be appropriate for other science subjects such as physics ‘which consists ofa number
of sc1ent1ﬁc words that have multlple meanmgs in dlfferent contexts (e.g., volume)
Conductlng other studies exammlng the effects of the Everyday Language and the
' Slmulatlon approaches on multlple science subjects and toplcs would contribute
further to creatmg a more general context of science teach1ng and leaming for ELLs. ,
' The third limitation of the study 1nvolves the test 1nstruments Since the study
| d1d not employ a standardized assessment tool, there isa possrb111ty that the test -
instruments used in this studyvm1ght not have accurately -measured students’
understanding ;of the core concepts of photosynthesis and respiration; of particular |
"concer_n for further research is whether some.of the test items might havevbeen too |

difficult for ﬂﬁh—grade students, particularly ELLs, due to heavy use of technical
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terms and unfamiliar questions (e.g., transfer questions). For example, the test items
contained a larger amount of scientific vocabulary and complex syntax, compared to
standardized science assessments that the students in the study have taken at school. In
addition to these syntactical and vocabulary challenges, 33% of the test questions were
transfer items that asked students to apply their understanding of scientific concepts to
new problems. It must be noted that these are not the typical questions these students
would have encountered prior to the study. Future research should incorporate
standardized science items to measure students’ science learning in a more broadly
applicable manner.

The final limitation is the aggregated data for English proficiency. Although
each ELL has a different level of English proficiency ranging from CELDT level 2 to
level 5, the study did not disaggregate ELLs’ English levefs in the analysis. Because of
the limited sample size in each cell, it was not possible to break ELLs into four
different sub-groups based on their CELDT levels and to conduct further analysis on
how the Everyday Language and the Simulation approaches affected science leamirig
for ELLs with different levels of English proficiency. In order to understand fully
how to improve science learning for all ELLs, future stﬁdies should conduct a
systematic investigation with a larger number of ELLs with varying CELDT levels
that should then be examined for differing performances based on different levels of

English proficiency.
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Implications

The results of this study revealed that the combination éf the Everyday
Language and the Simulation approaches was most effective in enhancing not only
ELLSs’ but also EPSs’ understanding of scientific phenomena and also had a strong
impact on all students’ abilities to use scientific language accurately. More specifically,
teaching science in everyday English prior to introducing scientific language (the
Everyday Language approach) had a positive impact on both ELLs’ and EPSs’
scientific knowledge and their use of scientific language, regardless of the use of the
Simulation approach. By contrast, the use of computer simulation was more beneficial
for ELLs’ science learning, particularly their ability to articulate scientific knowledge
in proper scientific language. These findings suggest a number of implications for our
understanding of how to improve science learning for ELLs theoretically, practically,

and technologically.

Implications for Theory

One theoretical implication of this study regards the use of everyday language
with which ELLs are familiar as a powerful way to decrease the cognitive loads
encountered by students when they are learning science. As Cummins argues,
academic language proficiency is difficult to acquire not only because it is often used
in context-reduced situations with limited contextual cues, but also because it is more
cognitively demanding than developing everyday language proficiency. Although
there are a few studies exploring how visual support can bé helpful for ELLs’ science

learning, we have had a limited understanding of possible ways to reduce ELLs’
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cogn1t1ve loads. generated by sc1ent1ﬁc language The ﬁndings of th1s study provide
'. ‘ | strong ev1dence that although there is a clear d1chotomy between everyday language
and sc1ent1ﬁc language using everyday language pI‘lOI‘ to 1ntroduc1ng sc1ent1ﬁc
language in science 1nstruction can help lower ELLs cogn1t1ve loads, thereby helplng
them better develop not only the1r understanding of sc1ent1ﬁc phenomena, but also ’k
their ability to use scientific language. This new perspective on the role of everyday -
language in ELLs’ science learning is valuable because scientiﬁc language proﬁciency
isa key to scientific 11teracy as deﬁned by many researchers

The second theoretical 1mp11catlon mvolves the use of computer simulation for |
‘ ELLs science leamlng.f Desp1te numerous reSearch studies on technology-enhanced
: sc1ence learning, the potential advantages of technology for ELLs . science leammg ‘
f‘had not yet been explored before this study Slmilarly, the eﬂ'ects of computer X |
s1mulat1on in science education have been widely exammed across science subjects;.
: however the role of computer simulation in 1mprov1ng students ability to use
sc1ent1ﬁc discourse had not yet been exam1ned F1nd1ngs from thls study suggest that
the use of computer simulation ‘durlngproblem-solvmg act1v1t1es can be qu1te effective.‘
" in helpi_ng ELLs practice-scientiﬁc language in different academic.contexts and
thereby develop their proficiency in scientific language. : |

Ona related note, the results of the open-ended tests indicated that the use of -
computer 51mulatlon has a potential beneﬁt for: decreasmg achievement gaps between
ELLs and EPSs. Although EPSs 51gn1ﬁcantly outscored ELLS in all four groups prior

to the study, on the posttest, ELLs and EPSs in the Simulation cond1t1on performed
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shnilarly, whereas EPSsin the Website condition still dernonstrated a significantly
' “better ability to use scientific language to articulate their scientiﬁe ideas than did“ ELLs.

The results from this study do not clearly explain uvhy only ELLs benefited
| from .‘con1puter-simulation,'but ene possible explanation is that ELLs might haue '
needed more suppdrt to acquire _linguistic proficiency than EPss and- that the use of the
' 'simulatiOn nrogram activit‘ies’er'eated more oppertunities te practice scientiﬁc
.~ language for‘different functions, such as making predictions. Although future research
~ needs to be conducted in order to understand why computer s,imulation had a strdngv .
positive effect on only ELLs’ seience learning, the findings ovf th1s study do highlight :
how computer simulation can be used effecti»vely to improve the science literacy of |
ELLs, who currently remain one of the more ﬁ'equently-oyerlooked p‘Opulations in v‘
'American scho'ols. | - “ | | |

| | Impltéationsfor E ducatiortal Practice -

“This study has numereus h’nplications for educational practice, the first relating
to inStructional approach. The results suggest that teaching science in everyday
A language prior to ‘i_ntroducingvscientiﬁc. language can be a powerful instructional
appr‘oac,h that _c'an assist not only ELLs but also EPSs. in developing a deeper
understanding of scientiﬁc eoncepts and a better ability to use seientiﬁc language
approprlately The results of the study | further suggest that rather than teaching
'complex smentlﬁc phenomena and scientific language s1multaneously, teachers should
observe how ELLs use everyday Engllsh to explain scientific concepts and should

then focus on integrating ELLs’ everyday language into science instruction.
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~ Teachers caﬁ'also use more contextual cues, éﬁch as visualization of ,scientiﬁc‘:
- phenoméné, ‘to h¢lp ELLs communicate th‘eir‘ ideas in scientific languagé xvnoi'e' :
_effectively. As Cuinmins argués, although academ.icv 1anguage itself is bognitiyely
deniandihg, it is much harder for ELLs to acquire bccaﬁse itis oﬂen;used without‘ any
contextual support. In ovt'her ,v:vords, when E'LLs4stud}‘I science in fhe classfo‘c;m, th'éy -
- often need to rély on the language itself to commuﬁic,ate rather than using contextual |
~ cues, such as any surroundirig 'obje‘,c':tsb‘b‘lf gestures. Altlrlough,i’thas not the maih focus = -
 ofthe stﬁdy,,the Apoltent‘ial‘ adva’ntag_ev of visual support for ELLs’ scieﬁée learning was
obser\;ed during the iﬁtcrviéws énd student‘s”r discussions. For example, during thc '
'ihterfziéw, ELLs often used,What they obseryéd from animations and graphiCS‘in tﬁe_ |
computer ihstmction to articulate theil; understanding', c;f ph_@)to‘synthesis and respifation'.
, D‘urin“g» the problem-solving aétiviti'es, ELLs also used virtual objécfs on the screen.of .
o ‘,tl‘le sim:llkation pfo’grani to COrhmunicate their.understanding of photosynthesis énd
respirétign with grouf) membcrs. These findings éuggest that teachers 'qan'us‘e more .
visuais wlvlerjl' expla'ining complex sciéntiﬁc'gonéeptslor during class discuSsions, /
pé.rtiéulgrly visuals that ‘demonstrate‘, those concepts thatm‘ay not be eaéily obserV-“aiblc | :
m students’ everyday' lives (e.g., photosynthesis), in drder to dévelop ELLs"
cohccptual understanding and‘t.o aséist them in. using scientiﬁc'language more
, é’ffectively.
* Another implication for educational practice is the importance of providing
ELLs With’multiplé opportunities to engage in using scientific langﬁage thfdugh social
o interacfién, particularly scientific investigation. Curréntly, many elgmentary school

.. curricula are centered on math and literacy, rather than science, and most science
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instruction focuses on teaching students scientiﬁc facts, rather than providing students .
opportunities to engage in inquiry-hased activities. Consistent with the results of other -
Studies this study also shows that ELLs can better develop their proﬁciency in
scientific language and strengthen their understanding of the concepts by work1ng on
1nqu1ry prOJects w1th their peers These opportunities are partlcularly 1mportant for
| ELLs because many of them often do not have such opportun1t1es to engage in
sc1ent1ﬁc d1scourse and inquiry at home compared to their middle-class or upper-class
| English-proﬁcient peers. Thereforc when teaching sc1ence to ELLs, teachers should
| design science mquiry act1v1t1es Wthh allow ELLs to practice newly acquircd
scientific language‘ to communlcate the1r sc1cnt1ﬁc ideas with others, while work1ng onv E
. scientific inVestigation. : |
Despite the potential advantagcs of scientiﬁc int'estigation activities' l‘or ELLs’
- science leaming, many teachers face signiﬁcant challenges in designing such actiyities
“in the classroom because theynot only re.’quire supplemental materials and access to a
fully stocked science lab,fbut they also take a longer period of time to'complete. For
example, if a teacher wanted her/his studcnts to conduct an experiment with
| Bromothymol Blue solution used in this study (see Chapter 3),. s/he would have to
'vvprepare all materials'for each triad, such as Water snails and Bromothymol Bl‘ue '
solutionfbasic preparatory work that would take away from the time the teacher, :
could spend on more complicated pedagogical tasks. Ad.ditionally, the experiment -
“would take much longer to complete because in order to test hypotheses multiple times,
students need to repeat the entire process, from planning the experiment to executing it,

several times. Substituting this lengthy process with computer simulation allows
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students to cohduct multiple scienﬁ_ﬂc experiments easily m the glassrbom wifhbut
requiring teachgrs to spend too mﬁch time on planning. ' |
“The results of this study indicated that by “using ‘con'lpu_te‘r simulation, tesche'rs
‘, can easily design inquiry projects that enable students to COndﬁct,scientiﬁc '
experiments and 'experience‘lt‘he process of scientific inquiry. For exémﬁle, comp'u.tér
simulat"i‘on does not require any prepar’aﬁon for supplémenta'l rhaferials 'because‘ it
,’a.llows students to manipqlate objecis and cdnduét expcriménts in virtual worlds. Since,
_‘(r:‘omput'er simulstion aAllows students to test differéht hypétheses aﬁd design multiple
experiments in a short arﬁount o'f time, teachers can fécus rﬁére ()h‘students" learning
during' the activities, rather thsn worrying about hqw students hsﬁdle mate_fials for
 their experifnents; The use of computer simulation can be béﬁeﬁcial for those teachers
’_ who ars éc;ncemed aboﬁf the amount Qf time fdr preparation, or who havévlimitsd‘ |
~ support tb design such actiVities. - - |
’An‘o_ther benefit of computer simulatién is that if éanenhan_ce ELLs’ use of 'v

scientiﬁc discourse. ELLs who used the cdmpmer :simulation du‘ring. problem-solving
_act‘ivvities showed signiﬁsant improvement in their grasp of bsth the cbhtent and the -
langﬁage of science, compared to ELLs who used fhe Weﬁsite. They demonstrated a |
greater ability to use scientific language for different purposes, such as formulating -
~ hypotheses and asking questions, while éngagikng in challenging scientific tasks. The
resuits of the study indicate that ’teache’rs can integrate 'comj)ﬁfét simﬁlation into their
science instructioﬁ to facilitate studehts’ science-drier;ted discusSioﬁs and,to increasé

ELLSs’ use of scientific language in the classroom. -
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The last educational 1mp11catron concerns teacher development. As addressed
‘ in Chapter 1, although many teachers. have strong content knowledge in science
subjects, they may not be well trained to prOV1de appropriate 1nStruct1on to rneet the.
Special_ needs of ELLs. In order for teachers to understand and implement a variety of
instructional approaches for ELLs’ science learning, it is critical to provide
»"profess1onal development that can enhance teachers’ ability to effectrvely 1ntegrate
science leaming and language development for ELLs. Profess1onal development
should help teachers understand the additional challenges that ELLs face in learning
science, the s1gn1ﬁcant drfferences between everyday language and screntrﬁc language,
,and the des1gn and 1mplementatron of effectrve teachmg methods for ELLs. |
e Professional development is ‘particularly '1mportantfor the use of technology in‘ j
fthe science classroom because, despite its potential for ELLs’ 'science learning, many
teachers may not know how to integrate technology into their science teaching and :»
may not lmow what technological resource's‘ are available.. For example, there area |
number of -online resources for sciencelessons, such as games, animations, and
tutorials, but using thesetechnological tools for science lessons will require teachers to -
have considerable knowledge of both the technology env1ronment and their schools
computer resources Therefore itis 1mportant to prov1de teachers w1th workshops
~ regarding the types of soﬁware that can be used in their school’s computers, a list of
available online resources for science subjects, and teach them how they can
successfully integratevdifferent technologies for different science activities in their

_classrooms.
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Implications for Instructional Technulogy
The ﬁndmgs of th1s study also prov1de prom1smg 1mp11cat10ns for the de51gn of
. 1nstructional technology The first 1mp11cat10n relates to the restriction ofa student s -
“control i in the program. My observations of students’ 1nteractions w1t_h the computer-
' based science pr0grams 'revealed that even uvith limited control to advance to the next

page some students still tried to sk1p the- lessons by randomly c11ck1ng before they

. read the text thoroughly or before the narratlon was completed In order to help

‘ students engage in every 1nstruct10nal page, it 1s 1mportant to have more restr1ct10ns on
the amount of control students have in nav1gat1ng the program One 1dea isto. prov1de
a format1ve assessment at the end of each lesson, wh1ch requires a student to answera
| certa1n number of questions correctly before they are able to advance to the next ,V
lesson Ifa student cannot achieve the minimum score, the program will automatically 7
: ‘repeat‘.the same lesson. In this way, students‘ will be encouraged to read the text and
listen to the narration more carefully so that they do not'go through the same lesson
, twice.‘ Additionally, formatiye assessments can help students test how much they ‘have
' learned and can proyjide their teacher withan opportunity: to understand the leaming
, process of each student. |
Another 1mpllcat10n for the des1gn ofi 1nstruct10nal technology is for tracklng
students’ interactions with the program The last step of the. computer-based science
programs prov1ded a series of yirtual experiments associated with photosynthe51s and |
- respiration. Some of these experiments asked students to type their predictions,
evidence, and conclusio‘ns. The written data from students can be logged into a

o

database, which promises to be a great resource for teachers by helping them
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understand and record each student’s thinking process and the types of language they
use to articulate their understanding : These written answers ﬁ'om students can also

. show students conceptual understand1ng of sc1ent1ﬁc phenomena and any

. _misconceptlons they hold Teachers can then use the data to adJust the1r next lesson

| provide‘ individualized instructionalsupport for their Students, and design a more
effective science curriculum for future students who might benefit from improved
lessonplans" based on these students’ difﬁ'eulties. | |

Fmally, the study revealed that in order for eomputer. simulation to ‘aid .the

students’ s01ent1ﬁc 1nqu1ry effectively, itis 1mportant to prov1de more. gu1dance

| regard1ng how to use computer simulation for s01ent1ﬁc experlments Since both
cond_uctmg eXperiments and usmg computer sirnulatlon were new experlences to mo‘st
students, even when given prompting questions and. guidance:'ﬁ'om the computerv

| program some students still had diﬂiculties de51gn1ng experiments, controlllng the -
51mulat10n program and engagmg in 501ent1ﬁc discourse SImultaneously For example,
dur1ng the last problem-solvmg activity, which asked students to find relationships
between light intensity, the amount of -carbon dioxide, and photosynthesis, rnost triads
appeared to be overwhelmed with the type of problem they had to solve and the

: number of variables they needed to-manipulate on the simulation'prOgram. Even after
watching the instructional video about how ‘to use the simulation program, many o
students asked for help regarding what'they weresupposed to do. Some were confused
when they were asked to interpret the results of their experimentsi This ﬁnding

indicates that the simulation program should include a help function which students
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can access when they are lost, and which w1ll prov1de some bas1c examples to teach

' } students how to solve s1m11ar problems us1ng the same s1mulat1on program

* Future Research
- The posit‘ive results of ,this study suggest that the combination of teaching-
science in everyday English and using.cOmputer simulationcan be an effective tool
not only for ELLs’ science learning, but also for that of EPSs The use of computer
simulation during problemfsolving activities was particularily beneficial for ELLs’
'science learning a_nd helped decrease the long-standing aChievement gaps»bet'ween
E;LLS and EPSs. This inVestigation of the effects of the Everyday Language and 'the
Simulatlon approaches on ELLs sc1ence leam1ng opens up a var1ety of research
questions in the area of science education for ELLs through the use of 1nnovat1ve
' technology. In this section, I present speciﬁc key areas and"research ’questions for - -

. future research.

‘ Impacr of Teclmology-Enhanced Scienée‘Le(.zrni‘ng on rz Broad Range 0f Zearners ‘
The results revealed the positive outcomes of the technology enhanced
1nstruct1on focusmg on the Everyday Language and the Simulatlon approaches on both
- ELLs’ and EPSs’ science leammg Desplte the pos1t1ve outcomes this study does not -
: yet provide clear evidence of how different features of students backgrounds (e.g., |
~ achievement levels) may have influenced the results of the study F uture studies
should examine the 1mpact of these 1nstruct1onal approaches on science leammg for ‘

- ELLs with dlfferent Engllsh proﬁciency levels and EPSs with different ach1evement

202



levels. For this study, I collected students’ background information, and I plan to
continue analyzing my data to explore whether these approaches have different
impacts on low-, middle-, and high-achieving students, both ELLs and EPSs.
Similarly, future research should alsQ explore whether the Everyday Language and the
‘Simulation approaches would enhance the science learning of students from different

ethnic groups.

Assessment of Different Aspects of Science Learning

As noted in Chapter 3, there are three dimensions of science learning:
conceptual, linguistic, and social. In order to have a more complete understanding of
what aspects of science learning the Everyday Language and the Simulation
approaches can enhance, future research needs to consider each of these three
dimensions of science learning. For example, the analysis of group discussions and
interactions during problem-solving activities can provide powerful insights into what
types of linguistic resources ELLs and EPSs used while working on scientific tasks,
and hov;' the use of simulation modified students’ misconceptions of certain scientific
concepts. I plan to analyze the videos of group discussions collected during problem-
solving activities to explore how the use of computer simulation affected ELLs’ and
EPSs’ use of scientific discourse.

A related area for future research is the impact of the instructional approaches
on different types of scientific knowledge. Although this study analyzed only students’

overall scores on the multiple-choice and open-ended tests, future research should

look closely at three types of questions (retention, inference, and transfer) and explore
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‘whether the Everyday Language and the Simulation approaches are more effective in
increasing any particular type of scientific knowledge Such a study would help us
- better understand how to enhance different types of scientific knowledge for ELLsand |

EPSs through the Everyday Language and the Simulation approaches

‘,Integr-ation of Cony)uterv T echnblogy into the Sciénce Classroom for VELI.s" Scienc_e | :
a Learning | |

A'particularly interesting area for further exploration is the integration of '
) computer technology into the science classroom with the goal of vimproving ELLs’ .
science learning.r Despite the large number of studies examining the effects of |
technology-enhanced science learning, there are Only two studies explori’ng‘ how
computer technology can be used in the classroom to _enhance‘ELLs’ science learning.
In addition to the positive outcomes of this study, my _obserVations of ‘Students’
interactions with the computer programs revealed’that multiple repre’sentations of
scientific concepts in the computer env1ronment such as narratlon text, and animation -
-were particularly helpful to enhance ELLs’ understanding of sc1ent1ﬁc phenomena and
their scientific language proficiency. For example, describing photosynthe51s and
respiration through animation helped students understand the complex processes of
these phenomena. When the program introduced new scientific terms, ELLs could
| learn how to read them by listening to the narration. Future studies can explore which
| modes of repre‘sentation in multimedia, such as animation and-narration_, can be most
effective in’ improving ELLs’ science leaming. Future research should also focuson

developing web-based science lessons or interactive materials for scientific inquiry, -
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such as simulation, for those students who do not have many opportunities to practic¢
science in their school.

Another important benefit of integrating computer technology into science
teaching is that it can keep students engaged throughout thé science instruction. A
variety of interactive activities which resemble computer games excited students and
increased their interest in the instruction. Continued research is necessary to
investigate which faqtors of computer learning environments and what types of
instructional technology are most effective for ELLs’ scienice learning. On a related
note, the relationship between students’ engagement in the instruction and their
achievement must also be investigated. Future research also needs to explore how
teachers integrate different technologies into their science teaching. In order to prevent
teacher effects in this study, all six sessions were taught by a computer program, and a
teacher had only limited interaction with students as a facilitator. Because of this
limitation, it was not possible to investigate the role teachers would have played in the
integration of technology into the science instruction. In particular, the absence of
teacher-student interactions during the problem-solving activities might have affected
the results of the study because students did not receive any feedback or guidance
regarding the design of their scientific experiments. Further studies should explore
how teachers use computer simulation for different purposes, such as developing
students’ scientific knowledge or their inquiry skills, and how the use of computer

simulation mediates student (particularly ELL)-teacher discourse.
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'In conclusion my work offers a unique perspective on the role of everyday

language in learning sc1ence asa med1um to reduce ELLs’ cogn1t1ve load and shows

~ how to bridge the d1fferences between everyday English and sc1ent1ﬁc language This
study also ﬁlls the gap in the literature by examining the 1mpact of technology on
ELLs’ science learning through anexperimental study. This contribution is valuable
beCausemost contemporary studies addressing the challenges that ELL:s face in

B} learnmg science consist primarily of anecdotal case stud1es or ethnographic studies
‘Similarly, despite the large number of stud1es e)raminlng the use of technology in
science education, the effects of technology on ELLs science learning have received

little attention Add1t1onally, my research has 1mplicat1ons for anew technology-

- enhanced pedagogy that can help ELLs and EPSs master both the content and the

' complex_ language of science. Movmg beyond the science classroom, my study also
contributes to our understanding of how the use of computer simulation can enhance -
~ students’ ability to use scientiﬁc language accurately to communicate their scientific

ideas.
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APPENDIX A: WORKBOOK FOR PROBLEM-SOLVING
ACTIVITIES

Photosynthesis & Respiration Workbook

Please write down your names.

Member Name:

Member Name:

Member Name:

Before you start using the computer program, you need to READ .
all the directions and questions to each other CAREFULLY and

ALOUD.

Please read each question and first come up with an answer by
your self. Then talk about your answers with your team members.

If your team members have different ideas from yours, please
talk about whose answer is the best one until all three members

agree with one idea.

If you have a question, please raise your hand quietly.

207



o
+ Experiment 1: What Is the Relationship Between Plants and Humans?

Bo you think plants are important to humans ond animals? Do you think humans and animals are
o, important to plants? Let's find aut their relationship by doing some experiments) Think carefully
L1 and find answers for each question in complete sentences. Use scientific words like scientists
da.

1. Before you start the computer program, imagine you put a ALONE in the glass box and
closed it. What do you think would happen to the mouse?

Why do you think s0?

2. Now test your prediction. Drag end drop the mouse ints Yhe glass box and click the test button.
What happened to the mouse?

Why do you think it happened?

3. Before you start another experiment, imagine you put the plant ALONE into the glass box and
watered it. What do you think would happen Yo the plant?

Why do you think so?

- 4. Now test your prediction. Drag and drop the plant info the glass box and click the test button. Do
not forget to water your plant. What hoppened?

Why de you think it happened?
5. Please find out a way to keep both the plant and the mouse alive in the glass box,

Why do you think your way would keep both the plant and the mouse alive? Explain your answer,
6. Suppose that you put the mouse, the plant, and water in the box, but the mouge ate all of the

leaves off the plant. What do you think would happen to the mouse when there were no leaves?

Why do you think so?
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Experiment 2: Candles and Gases

Do you know that a condle produces a gos when it burns? Do you know that o condle needs agas
when it burns? You are going to do some fun experiments and find out!

Please read questions before you start damg expenmems Think cwful)y and find enswers for
each question in complete sentences. Yse scigntific wo ke scie :

Your first mission is to find out what kind of gas a candle produces when it burns. Use the computer
progrom to figure out whot gas the candle makes when it burns.

1. From your experiment, can you tell what gas o condle produces when it burns?

2. How do you know thot a candle produces this gas when it burns? What evidence supports your
statement?

3. How did you find out what kind of gus o candie greduces when it burns? Write down each of the

steps you used in the test you mode to find out your answer.

b))

2)

3

4

Your second mission is to find out what kind of gas a candle uges when it bures. Use the computer
program to figure out what gas the candle uses when it burns,

4. From your experimerit, can you tell what gas a candle peeds when it burns?

8. How do you know that a candle uses this gas when it burns?? What evidence supports your
statement?

6. How did you find out what kind of gas o candle uses when it burns? Write down each of the steps
you used in the test you made to find out your answer.

1

2)

3)

EN ]
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4

Experiment 3: Why Is Photasynthesis Important?

@ You will do some experiments with water plants and water snails that can breathe in the water.
0 Pleass read questions before you start doing your experiment.

Complete the worksheet as you are doing your experiments. Think carefully and fird answers for
each question in complete sentences. Use scientific words like scientists do.

1. The color of the Bromothymol Blue in each tube is GREEN. What gas makes the Bromothymol Blue
green?

2. How can you change the color of the Bromothymo! Biue from green to BLUED
Drag and drop snoils and water plants into the fubes and find TWO DIFFERENT ways to chunge the
colar of the bromothymol blue from green to BLUE.

QOriginal | Changed | Numbar of Snails you Number of Plants you | Did you put light?
Color Colar put in the tube put in the tube

Green Blue . Yes or No

6Green Blue Yes or No

3. Why do you think the color of the Bromothymol Blue turned blue?

4. How can we keep the color of the Bromothymol Blue GREEN?

Drag and drop snailz and water plants into the tubes end find TWO DIFFERENT to keep the color of
the Bromothymol blue Green.

¥ Hint] You must put something into the tube.

Original | Chenged Number of Snails you Number of Plants you | Did you put light?
Color | Color put in the tube put in the tube
Green | Stayed Yes or No
6reen
6reen | Stayed Yes or No
Green

5. Why do you think the color of the solution stayed green?
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Experiment 4: Light Intensity, Carbon Dioxide, and Photosynthesis

Light Intensity (How strong the light is) and the Rate of Photasynthesis (Read carefully]

You've learned that plants need light Yo grow. Today you will find out how much light plants need to
grow fast. In other words, you will find out how light can change how fast o plant produces oxygen
(the rate of photosynthesis).

Because plants produce oxygen during photosynthesis, you can measure how fast oxygen is
produced and this will telt you the rate of photosynthesis.

In your computer program, you can change light intensity (how strong the light is) and the amount
of carbon dinxide. HOWEVER, you should only change ONE of these two things at a time. Because
you are interested in how light can change the rate of photosynthesis, you should only change the
light intensity.

EXPERIMENT 1 ***Be sure to follow these directions ***

1. Click the 6raph Taob. Be sure thot you pick the light intensity for
the two choices you sze above the graph.

IR e an g e el

2. Set your Carbon Dioxide level at 1.0% {on the side of your graph).

3. Set your Light Intensity at 0.0% ond click the record button,

i

. .Im:rense your Light Intensity to 10%. Click the record button.
Repeat these steps at each light intensity you can (20%, 30%, 40%, and 50%). Be sure to click the
button gvery light intensity, .

LN

6. Copy the data from the groph on the graph page.

Hint: You may want 1o connect dots.
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EXPERIMENT 1: QUESTIONS

1. Look ot your graph. As you increased light intensity, how fost did the plants produce oxygen {the
rate of photosynthesis)? Does increasing light intensity always increase the amount of oxygen
produced? Be sure to discuss it with your feammates and describe what you see in the groph.

2. When did the oxygen stop growing ond stay the same?

If you've answered dll the questions, clear your data.

EXPERIMENT 2 ***Be sure to follow these directions.***

o Now we will repeat Experiment 1 with 2% Carbon Dioxide instead of 1% carbon dioxide.

1. Click the Graph Tab. Be sure that you pick the light intensity for
the two choices you see above the graph

2. This time, set your Carbon Dioxide level at 2,0% (on the side of
your graph).

3. Set your Light Intensity at 0.0% and click the record button

4. Increase your Light Intensity to 10%. Click the record button,

5. Repeot these steps at each light intensity you can (20%. 30%, 40%, and 50%). Be sure to click
the button every light intensity.

6. Copy the data from the graph on the graph page.

Hint: You may want o connect dofs.
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EXPERIMENT 2: QUESTIONS

1. Look at your graph. As you increased light intensity, how fast did the plants produce oxygen (the
rate of photosynthesis)? Does increasing light intensity dlways increase the amount of oxygen
produced? Be sure to discuss it with your feammates and deseribe what you see in the graph.

2. When did the oxygen stop growing and stay the same?

If you answer all the questions, clear your data.

EXPERIMENT 3 ***Be sure to follow these directions. ***

»  Now we will repest Experiment I with 3% Carbon Diaxide instead of 1% carbon dioxide.
toor e e s 1. Click the Gragh Tab. Be sure that you pick the light -intensity for
the two choices you see above the graph.

2. Set your Carbon Dioxide level at 3,0% {on the side of your graph).

r
-

: ; 3. Set your Light Intensity at 0.0% and click the record button,

o .

Increase your Light Intensity to 10%. Click the record button.

Repeat these steps at each light intensity you can (20%, 30%, 40%, and 507.) Be surs 1o click

the button every light intensity.

6. Copy the data from the graph on the graph page.

Ll

&Y Hint: You may want to connect dovs.
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EXPERIMENT 3: QUESTIONS

1. Look at your graph. As you increased light intensity, how fast did the plants produce oxygen (the
rate of photosynthesis)? Does increasing light intensity always increase the amount of oxygen
produced? Be sure o discuss it with your teammates and describe what you see in the graph.

2. When did the oxygen stop growing and stay the same?

3. Compare the three graphs from Experiments 1, 2, and 3. What do you see from your graph?
Do they have the same patterns or shapes? Explain the patterns of the three graphs.’

4. Based on Experiments 1, 2, end 3, how can you explain the relationship between the light intensity
and the rate of photosynthesis?

Hint: Be sure 1o give me specific detuils.
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5. Imagine you are growing plants for a science fair contest. Whoever can grow plants the fostest.
will win the science fair prize.

Your plants will grow faster if you help them preduce more oxygen. You can spend some extra money
on light end carbon diexide so that you can grow plants foster.

Each light intensity costs $10. For example, if you want 20% light intensity, it will be $20. If you
want 50% light intensity, it will be $50.

Each corbon diexide level alse costs $10. For example, if you want 1% carbon dioxide, it will be
$10. If you want 4% carben dioxide, it will be $40.

You've given $100 to grow your plants for the science fair contest, You want to grow your plants the
fastest withaut spending more meney then you need to.

If you want 4o grow your plants the fastest and do not spend more money than you need to, how
much fight and how much carbon dioxide would ysu give to your plants?

Light Intensity: {%) & Carbon Dioxid: (%)

Why do you think s0? Explain your answer.

How much would this cost you?
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Now you can clear your datal
Carbon Dioxide and the Rate of Photosyathesis

Yawve just learned sbout how to find the relationship between light intensity (how strong the light is)
and the rate of phatesynthesis (how fast plants produce axygen). Can you find the relationship
between the amoust of carbon dioxide and the rate of photosynthosiz without new help?

You've done ufl these experiments. Now you get to design your own experiment! You can look bock the
other experiments if you think it will help you.

You vill investigate how the amaunt of carbon dioxide changes how fast o plant produces oxygen (the
rate of photosynthesis). You vill also find out the relationship between the amount of carbon dioxide
and the rate of photesynthesis.

Because oxygen is a product of photosynthesis, we can measure how fast plants preduce oxygen and
this will tell you the rate of photosynthesis.

Repeat the experiment you just did on light intensity. But this time, find out how the carbon dioxide
changes how fast plants oxygen (the rate of photesynthesis).

Inyour computer program, you can change light intensity (how strong the fight ig) and the amount
of earbon dioxide. HOWEVER, you should only change ONE of these two things ot a time. Becouse
you are interested in how light can change the rate of photosynthesis, you should only change the
light intensity.

Dexign your own experiment to find out the relotionchip batwean the amount of carbon dioxide
oud the rate of photosynthesis.

When you click the Graph Tab, be sure that you pick the carben dioxide for the two choices you
see above the graph.

zrbon DioXide and Photosynthesis ral
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Quostions

L. As you increased carbon dioxide, how fast the plonts produced oxygen {the nate of
photosynthesis)? Does increasing corbon dioxide always increase the amount of axygen produced?
Discuss it with your teammates ond describe what you see in the groph,

2. Are there certain carbon dioxide changes that da not increase the amount of oxygen? When did
the oxygen stop growing and stay the seme?

3. Look at your greph, What dees i ook like? Draw it below,
U Hint: You can copy the dets from the graph ond connect them,

4, Compare three graphs from Experiments L 2, ond 3. Draw all three shapes on the same groph
from Experiment], Experiment 2, and Bxperiment 3. What do you see from your greph?

{Example}
Oxygen )
Experiment 3
Experiment 1
Experiment 2
Light tntensity

Q4. Bosed on Experiments 1, 2, and 3, what can you say about carbon dioxide and the rate of
photosynthesis?

Q5. Imagine you are growing plants for sake. You could arow plants faster if you help plants produce
oxygen mare. You can spend some extramoney on light and carbon dioxide 50 that you con grow
plants faster. You want o spend the least omount of money possible for the best result.

If you want to grow plants faster but spend the least amount of money, how much light and how much
carbon dioxide should you give to your plants?

Light Intensity: . (%)}&Carbon Digxides ... (%)

Why do you think 567 Explain your answer,

10
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APPENDIX B: MULTIPLE-CHOICE TEST

Your Full Name: Are you 0 BOY or a GIRL {circle one)?
Home Languoge:
Read questions carefully and think hard. Please do your best.
# QUESTION ANSWER CHOICES
1 | Which part of the plant tokes in carbon A | chioroplast
dioxide during photosynthesis? B | stomata
! C | roots
! D | xylem
Plarts need energy for photosynthesis. A | carbon dioxide
2 | Where does the energy for 8 | water
phetosynthesis come from? C | photons
D | oxygen
"3} Which ena of these sentencesis | A| The chloroplast is where plants make giucose.
' correct? 8 | The chloroplast is a part that takes in water.
[ & | The chioroplost is a tube that carries glucose from
the leof to other part's of the plant.
E D | The chioroplast is the place where carbon dioxide
- i e ot ek, enters the plants. e
4 | What is the main function of roots? A | absorbing carbon dioxide from the air
8 | absorbing water from the soil
C | absorbing energy from light
D | carrying water from the soil Yo the lenves
t is the green pigment that A | stomota
F captures energy from light? 8 | phl
i C | xylem
] D | chlorophyll
6 | Which one of these sentences is A | Photons are the small particles of light.
correct? : 8 | Photons are small holes in the lecf.
€ | Photons are green pigments inside of the leaf.
D | Photons are food that plants make.
7 i Fill in the blanks: A | (a) dirt, (b) carbon dioxide
Plants reed water, __{a) ,and __ (b) B | (a) photons, (b} carbon dioxide
n order to produce glucose. € ] (a) oxygen. (b) carbon dioxide
D | (o) oxyaen. (b) photons
8 | Which one of these sentences is A | During the day, only photosynthesis occurs.,
correct? B | During the day, only respiration occurs.
€ At night, only photosynthesis occurs.
D { At night, only respiration occurs.
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9 | Filtin the blanks: A  {a) carbon dioxide, (b) carbon dioxide
During photosynthesis, plants give of f B | {a) carbon dioxide, (b} oxygen
{a).._. end during respiration, plants C | {a) oxygen, (b} axygen
give off by . O { (a) oxyoen, (b) carbon dioxid
During respiration, what do plants A | oxygen and glucose
10 | make? B | oxygen and water vapor
C { carbon dioxide and water vapor
)

¢carbon dioxide end gi

Which gos(es) do plants breathe
during the day when there is ligh

i2

Which one of these sentences is NOT
true?

Phloem corries water to the leaf, while xylem
carries glucose to other parts of the plant.

Respiration happens all the time, while
photosynthesis happens when there is light.

C

Plants make glucose during photosynthesis.

)

Plants take in water from the soil.

[Read carefully} Bromothymel blue is a special dye. I+ changes its color when it is in water with
carbon digxide. Bromothymol blue is BLUE at first, but if there is some carbon dioxide, it tuns
GREEN. If there is g lot of carbon diexide, it turns YELLOW. If there is no carbon dioxide, it goes

back to being BLUE.

Tube A has two water snails in water, and Tube B has fwo water plants in
water. A scientist has dropped bromothymol blue and added some carbon
dioxide, so the color of the water in both tubes is now GREEN.

Both tubes are d) closed, so no air can get in or out of the tubes.

| After 24 hours, what will the color of
i the water be in Tube A?

oot Thesunder

g-een (it won't change)

yellow

bilue

CiN o>

colorless (clear)

14

The scientist puts both tubes under
the sun.

After 24 hours, what will the color of
the water be in Tube B?

green (it won't change)

yellow

bilue

[=21{ed1 20

colorless {clear)
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Imogine Tube B will be kept outside A | just before sunset i
15 | under the sun for several days When 8 | midnight )
will the tube hove the smallest amount € | just before sunrise 5
of oxygen? D | mid-afternoon |
Which of these can be used to measure A | Amount of fight (%)
16 | the nate of photosynthesis? B | Amount of oxygen produced (ml./hr)
€ | Amount of corbon dioxide (%)
D | All of the above
{ 17 | A scientist put a plant n g glass box end watched it for 24 hours. The graph below shows what she
i watched What can yau tell was happening from this graph?
g [____._._ D A_| Respiration was happening
| - B | Photosynthesis was happening
g € | Both respiration and photosynthesis werc
das | . Fappening.
= . D | Nothirg was happening. !
! 7 i :
_.7 0 ] :
: : o = p 1 B
18 | A scientist wants to find the best amount of light for growing plonts. He grows plants in four test

groups as shown in the table below. What was wrong with the experiment?

T Gweup o Fo Ammany-of | Amowt of A | He should only grow one plant in each group.
“Cartion' Piskide |- ; B | He should only change the amount of light for

A {30 plonts) 1% each group.

B G0 plantsy &% % € | He should edd another group with 0% of

£ {10 glants) 3% 2000 carbon dioxide.

D (10 plante’ &, 0%

D | There is nothing wrong with the experiment,
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APPENDIX C: OPEN-ENDED TEST
, Open—Ended Test

19. In the space below, explain what each of these plant parts doesi(not what each of them is). Evenif =
you are nof sure of your ideas, you will get some points if youdo your best to write down some thoughts

about what they de. -
What doesa : )
chloroplast do?

[ What do
| stomate do?

What do roots
do?

What does o

ehlorophyit do?

ad

221




20. Using scientific words, explain everything that a stem does. Give as many details as possiﬂe Even
if you are not sure of | your idens, you will gc? some points if you do your besf 16 weite down some
fhoughfs

21, Can you compnre photosynthesis and resptrqhon like a scientist? Usmg scientific \m-ds explain’
EQUR differences between photosynthesis and respiration. Even if you are not sure: of your ideas, you
will get some poirits if you do your best to write down some thoughts.

[Example: Photosynthesis does....., but respiration does....] ]

Difference 1

Difference 2

bifference 3

| Gifference 4

22.Using scientific words, explain why photosynthesis is important to humans. Please give as many.
details as possible. Even if you are not sure of your ideas, you will get some points if you do.your best to
" write down some thoughts, )
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23. Bromothymol blue is & special dye that changes is color when it is in water with carbon dioxide.
Bromothymoi blue is BLUE gt first, but if there is some carbon dioxide, it turns GREEN. If there is g
lot of carbor diexide, it Yurns YELLOW. If there is no carbon dioxide, it goes back to being BLUE.

Tube A has two water snails in water, and Tube B has two water planfs in
water, A scientist has dropped bromathymo! blue ard odded some gorbon
dioxide, so the color of the water in both tubes is now GREEN. Bath tubes
are aif closed, so nothing can get in or out of the tubes.

A scigntist puts both fubes in the DARK piace where there was NO LIGHT.

After 24 hours, what will the color of the water be in Tube A and Tube B?
Using scigntific words, explain vour answer. Provide as many details as

possible. Even if you are not sure of your ideas, you will get some paints if
yous do your best to write down some thoughts.

Tube A will be

because

Tube 8 will be

because

L

24. A scientist put some green plants and a mouse in a glass box. She
also put enocugh water and food for the mause, and enough water for
the plants. She closed the bax 5o no air could get in the box. She
put the box outside where it would get some sunlight.

After 24 hours, what de thi 1o th and 1
larts? Why do you think so? Explain your answer ing scientific

werds. Provide as many details as possible. Even if you are not sure of

your ideas, you will get some points if you do your best to write down

some thoughts.
The plonts becquse
The mouse because
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APPENDIX D: INTERVIEW PROTOCOL

. Can you explain photosynthesis? What do plants need for photosynthesis? What
do they produce during photosynthesis? [What does it mean? (any scientific
word)]

. Can you explain respiration? What do plants need for respiration? What do they
produce during respiration? [What does it mean? (any scientific word)]]

. Can you explain why photosynthesis is important to humans?

. Can you explain how carbon dioxide goes into the plant during photosynthesis? [is
there any particular plant part that takes in carbon dioxide?]

. Can you explain how respiration is different from photosynthesis?
. How do plants and humans help each other out?

. Bromothymol blue is a special dye that changes its color when there is carbon
dioxide. Bromothymol blue is blue in color, but when there is some carbon dioxide,
it becomes green. When there is a lot of carbon dioxide, it becomes yellow. There
are three tubes. In tube A, I put a water snail and a water plant. In tube b, I put a
water plant. And in tube c, I put a water snail. I have dropped some Bromothymol
blue into each tube and I have also added carbon dioxide to each tube. So they are
all green now. I will keep these tubes under light for 24 hours. After 24 hours,

what do you think the color of the water in each tube will be? Why?

Carbon dioxide level Bromothymol Blue
No Carbon dioxide Blue

Some Carbon dioxide Green

A lot of Carbon dioxide Yellow
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8. You have water plants in a tube. You added Bromothymol Blue and added carbon
dioxide. So it is green color. Imagine you will keep this tube outside under the sun
for several days. When will the tube have the smallest amount of oxygen?

Just before sunset
Midnight

Just before sunrise
Mid-afternoon

o op

T L

9. 1 put alarge water plant and a snail in a glass box. I closed the glass box so
nothing could go in or out of the box. Then, I kept the glass box for several days
under the sun. After several days, I opened the box and I found that both the plant
and the snail were alive and they appeared to be healthy. Why do you think it
happened?
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