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This study aimed to identify proportions of teatalj academic and general
vocabulary in terms of single words and complex mqahrases from electrical
engineering textbooks as well as to measure datattrengineering students’
knowledge of technical and academic vocabularyospas of 122,209 running words
was compiled as a random sample from five engingeiextbooks. Complex noun
phrases were classified and separated from singtdsaaccording to preset criteria.
Technical vocabulary was classified according tar@hand Nation’s rating scale
(2003-2004). Academic vocabulary was classifiedhhie academic word list (AWL)
by Coxhead (2000). General vocabulary was idedtifiégth the general service list
(GSL) by West (1953). Proportions of these vocatyulgpes are reported as a
percentage. To measure the students’ knowledgeocdbulary, a vocabulary test,
translation format, was written up from randomlyeséed words and phrases—30
technical words, 30 academic words and 30 techmioah phrases—from the lists
obtained from the corpus. The test was administesiéid 104 electrical engineering
students: 35 second-year, 34 third-year, and 38Hewear students. The mean scores
from the test were analyzed and compared as a vgnolgn, among levels of subjects

and within each level in terms of knowledge of mdary as a whole and knowledge
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of each type of vocabulary, by the analysis ofarate (ANOVA) and the Post Hoc
test by Scheffé from SPSS for Windows.

It was found 1) that noun phrases cover aroundfiftheof running words in
the corpus, 2) that most of the noun phrases ahmital, and 3) that some technical
noun phrases contain academic words. Single wandsnaun phrases of the same
kind (technical, general, and academic) were coetbito obtain total proportions of
different types of vocabulary. In terms of runnwgrds and lexical tokens, general
vocabulary has the highest proportion, and techniceabulary has a higher
proportion than academic vocabulary. The figureamfrlexical types show that
technical vocabulary has the highest proportion, general vocabulary has a higher
proportion than academic vocabulary.

It was from the vocabulary test 1) that the stisiéad different knowledge in
different types of vocabulary and 2) that studyelsvaffected their knowledge of
vocabulary. Overall, it was found that the eleatiengineering students knew more
technical words than academic words and than teahmoun phrases with a
significant difference at the levels .01 and .0S5pextively. Among students from
different levels, it was found 1) that the fourthay students knew more vocabulary
than the third-year students with a significanfed#nce at the level .05 and that the
third and the fourth-year students know more volalguthan the second-year
students with a significant difference at the lexdl. From each study level, it was
found 1) that the second-year students knew marenieal words than academic
words and knew more academic words than technaah phrases with a significant
difference at the level .01 and 2) that the thindl dourth year students knew more

technical words than academic words and more adadeards than technical noun



phrases with a significant difference at the le@&l. Lastly, it was found 1) that the
fourth-year students knew more technical words tdrthe third-year students with
a significant difference at the level .05, 2) ttred third and fourth-year students knew
more technical words than did the second-year stadgith a significant difference
at the level .01, 3) that the fourth-year studémsw more academic words than did
the third-year students with a significant differerat the level .01, 4) that the third
and the fourth-year students knew more academidsvtdran did the second-year
students with a significant difference at the le® and .01 respectively, and 5) that
the third and the fourth-year students knew mocarteal noun phrases than did the

second-year students with a significant differeaicthe level .01.
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CHAPTER 1

INTRODUCTION

1.1 General background of the study

The Faculty of Engineering at Khon Kaen UnivergKKU) has been offering
degrees since the university was founded. As mownsfic and technological
knowledge, including the engineering field, comesT the western world, texts in
this field are normally written in English. Thoughgineering classes and instruction
are conducted in Thai, subject teachers still mlyoriginal English textbooks and
have their students study these texts. Inevitadahgineering students have to read
engineering textbooks written in English. To pmepds engineering students for
dealing with the language in these textbooks, #greke programs in the Faculty of
Engineering offer 6 credits or 2 courses (3 crepktiscourse) of Technical English for
Engineering. These courses, which are the respbtysds the teachers of English in
the Faculty of Humanities and Social Sciences, hasen taught as English for
academic and/or specific purposes consistent Wgh1999 National Education Act
(Foley 2005, p. 225). In the technical languagessds, the teaching materials are
compiled based on authentic engineering textsyuduef textbooks, articles, and texts
from other sources (Robinson, 1991). The purposetibzing authentic texts is to
expose engineering students to the language thsy cope with during their studies,
as authentic materials are a rich source for peglegbactivities (Hutchinson and

Water, 1987; Johns, 1991; Wong et al., 1995; Duélegns and John, 2002), and are



more interesting, up-to-date, and related to ewayysgsues and activities (Lee, 1995).
The main focus of the teaching of technical Englslon linguistic knowledge like
vocabulary and grammar as well as language ski#tsréading and writing.

As a language teacher who has taught and beennsbf@for the technical
English courses for seven years, | have consigteiserved that students have
difficulties in understanding these technical eegning texts for two reasons. First,
the students have a low level of engineering kndgée | have noted that the students
are quite new to the field of engineering sinceythee only second-year students
when enrolling in the Technical English for Engineg courses. During the first year
of study, engineering students are required toysgigheral scientific knowledge, and
they specialize in their second year. When thegreygar two, they still might have
little knowledge of the engineering contexts. Setothe students have problems
with technical vocabulary. Nation (2001) classifiesglish vocabulary into four
types: high-frequency words, academic words, teainvords, and low-frequency
words. High-frequency word list which Michael West (1953a), as cited by Nation
(2001), callsA General Service List of English words contains around 2,000 word
families. Normally, high-frequency words appeaB8s» of the running words in the
normal text.Academic vocabulary or sub-technical vocabulary refers to those words
used in different kinds of academic texts. Academirds are identified from a
variety of academic texts and a new academic wetdAWL) of 570 word families
introduced by Coxhead (2000). Words of this typemwally cover 9 % of the running
words in the textTechnical words are specialized words closely related to a specifi
area or field of study like engineering, medicineguistics, etc. They are

purposefully used in specialized textbooks.



The literature in the field of English for Specifturposes (ESP) and English
for Academic Purposes (EAP) suggests that the Eggof scientific texts comprises
general words, sub-technical or academic words,tacithical words (Liu and Nesi,
1999 and Yang, 1986) and that technical words dfereint from general and sub-
technical word in a number of ways and have arcetia learners’ comprehension of
technical texts. Chujo and Genung (2000) have fanndPS articles in engineering
fields that the 15 highest frequency ESP words usedach ESP article covered
10.6% of the running words of each article. Thisangetotal technical words in those
articles are higher than 10.6 % of running wordsil@rly, Chung and Nation (2003)
found that technical vocabulary covers 37.6% ddltatord types or 31.2% of running
words in an anatomy text and 16.3% of total wopksyor 20.6% of running words in
an applied linguistics text. Academic vocabularyers 8.6% of total word types or
3.7 % of running words in the same anatomy text Band% of total word types or
6.9% of running words in the applied linguisticxxtteThe figures of technical
vocabulary are quite high and can cause difficsilirecomprehension. Laufer (1989)
remarks that readers need 95% of lexical wordshm text for comprehension.
Likewise, Sutarsyah, Nation and Kennedy (1994) quitt that a lack of familiarity
with more than 5% of lexical words in a text cans@language learners problems for
reading comprehension. As the proportion of tedniocabulary in technical or ESP
texts is high, it can provide the students wittiiclifities in understanding the texts.

To understand the engineering texts, students Inetdknowledge of the field
and knowledge of the language. Nation (2001) amdv8hs (1973, p.228) suggest
that students who know the scientific area may Hdtte difficulty with technical

terms. This means knowledge of the specific fisldgsential in learning the technical



language of that field. However, the problem ofited knowledge of the field can be
solved by contextualizing for the students the eot# they are to deal with (Love,
1991) and using texts from the field which are wotrly complicated (overly
complicated texts can cause difficulties for bo#fachers and students). For the
knowledge of the language, it is significant for EZESP teachers to know what to
include and introduce as part of language teachaspecially specific words or
vocabulary.

In regard to language, students tend to have prabhith technical terms
rather than other types of words. Before enrolimgechnical English courses, the
students have studied general English for yeard,thay are required to take two
general English courses during the first year aflgt During their English classes,
the students have opportunities to see a variegnglish texts in different contexts.
They therefore are familiar with common Englisheseryday language, so they come
to ESP classes with at least some knowledge ofrgemerds. Farrell (1990: 29)
divides words from his lemmatized list into thremps—general words, semi-
technical words, and technical words—and gives faitien of general words that:
“General words are defined as words which learnemsing to an ESP course will in
most cases already have met, as ESP courses alg eard probably should not be
taught to complete beginners.” In general Engtistsses, students have a chance to
read many text types and to learn different typegosabulary. Kornwipa Poonpon
(2002) analyzed an English bodkside Out, published by Macmillan Heinemann
English Language Teaching in 2000. This book wasdus two general English
courses for first-year students at Khon Kaen Umiter She found that this book

contains academic words up to 257 word familiesh Wi 307 occurrences, from the



Academic Word List by Coxheadb{d.). This proves that the students have already
met in their general English courses both gene@dss and academic words and
might have learned some of them. However, they trgit have met the technical
language of the engineering texts which mostly appen that specific domain
(Nation, 2001). Scientific/technical English is pidy new to them as it contains
single scientific words which can be new and unkmda/the students, and it is used
to compact information by the use of multi-word tenwhich can provide more
complications and complex meanings for a group ofds. In this way, technical
words are likely to cause more difficulties for teeudents than general and sub-
technical or academic vocabulary.

However, in practice, language teachers and rdsex@chave paid more
attention to more academic vocabulary than techmigeabulary in ESP/EAP class.
This can be explained by at least two factors tligiracademic vocabulary occurs in a
wide range of academic texts across scientificd$iglFarrell, 1990 and Coxhead,
2000) and this type of words covers around 8.5-1%unning words in academic
texts (Coxhead and Nation, 2001 and Nation, 200kjs figure is higher than the
coverage of technical vocabulary which is 5% ofning words provided by Nation
(2001). Secondly, most language teachers haveydosxerevel of familiarity with the
scientific context and thereby rendering technwadabulary too difficult for them
(Trimble, 1985 and Nation, 2001). These two reassosld be relatively sufficient
for language teachers to focus on academic vocabutowever, both figures of
academic and technical words by Natidnd.) are remarkably untrue. The figures of
technical vocabulary provided by Chung and Nati@d0@) discussed above are

relatively higher. These figures suggest languagehers and researchers rethink the



focus of EAP vocabulary. Studying words used irhtecal texts, therefore, would
probably help technical English teachers learn mabeut the use of technical
language in scientific texts and make a decisiopthdr technical vocabulary should
be given more attention in ESP/EAP or not, since $udy would reveal the
proportion of the vocabulary and terms used intéxés. This proportion is expected
to provide some implications for language pedagogy.

To turn these observations and experiences intesaarch study, it is
important to identify the number and proportionvaicabulary used in the texts in
terms of the words and complex noun phrases. dtsis important that the students’
knowledge of such identified vocabulary is measutedade a decision to conduct
this study with electrical engineering textbooksl atudents. The reason | chose the
electrical engineering field was that | could apply expertise in this field as | have a
three-year certificate in electricity from Petchabiechnical College in Thailand and
| also have gained some experiences from teackuigical English for Engineering
at Khon Kaen University for more than eight yedrshose engineering textbooks
because they highlight the ways in which engingektnowledge is expressed in
written form. Moreover, textbooks are the mainrseuof knowledge the students

have to deal with.

1.2 Rationale for the study

In learning a language, one cannot deny that ilegrvocabulary is essential.
Knowing vocabulary is considered useful for langudgarners (Nation, 2001).
Hence, language pedagogy invariably includes vdeaputeaching in language

classes. One needs to know and recognize wordwitekt not only for reading, but



also for other communication skills. The correlatietween vocabulary and
language proficiency has been the focus of sewtualies, e.g. Poe et al (2004, pp.
315-332). Clark and Ishida (2005) suggest thathigbest correlation exists between
vocabulary knowledge and reading comprehensioroagpared with the other skills.
Meara (1996) states that learners who know moralwdery are more proficient in
language skills than those who know less vocabulams. In essence, the beliefs
held by teachers and learners of a foreign langaagehat vocabulary enrichment
contributes to language proficiency (Lee, 2003:-58T and Barrow et al 1999: 223-
247). It is widely accepted that it is necessary fanguage learners to learn
vocabulary items.

Like other English courses, Technical English fargieeering as ESP and
EAP needs to include the teaching of vocabularjuting general, academic, and
technical words so as to help the learners in cehgrsion. The teaching materials
used in these classes are compiled mainly fromneeging textbooks and partly from
articles, information from the internet, magazinesflets, etc. The students are then
exposed to authentic materials—the texts theyadeal with in their subject classes.
Generally, most English academic texts contain iggveords, semi-technical words
and technical words (Farrell, 1990); or general dgorsub-technical words and
technical words (Yang, 1986 and Liu and Nesi, 199®)high frequency words,
academic words, technical words, and low frequemoyds (Nation, 2001). As the
contents are authentic and in a specific contexthis case electrical engineering,
these texts contain a proportion of technical teasisvell as other types. Technical
terms, as Yang (1986) defines in his study, “shdwdde fairly high frequencies of

occurrence in texts where they occur, but vary ditazally from one subject matter



area to another.” Nation (2001) defines technicalabulary as a word which is used
in a specific field and provides specific meanioghat field. From these definitions,
the two keywords ‘high frequency of occurrence’ aspkcific field’ seem to imply
that technical language learners could possiblyedifficulties with technical terms
in those cases where the students are newly irtestto the field. Engineering
students at Khon Kaen University are required talsttechnical English when they
are in their second year and are new to their stlgjgea. Technical texts presented
cause difficulties for them as a consequence of High frequency of technical
language in those texts. To help the engineerimgesits deal with technical language,
it is then necessary for teachers to study theetdegnqguage to gain more insight into
the features of the language before making a aecishat to include and to focus on
in language teaching in terms of vocabulary teaghim the case of technical English
which is taught as ESP and EAP, identificationesfhiical vocabulary should be a
focus since, as discussed above, students havihenether vocabulary types in their
general English classes during their school years.

Technical vocabulary used in engineering texts aggpe the form of both
words and complex noun phrases. Martin (2001) petstsi that nominal groups or
noun phrases occur in all kinds of text, but akelyi to be used more in academic
texts. Scientific texts like those in the enginegriield are written academically, and
there is no doubt that technical noun phrases sed in the texts. The use of noun
phrases to deliver the contents in scientific tastoone of the characteristics of
scientific language. Compared with technical notmapes, technical words might
cause fewer difficulties than do the phrases, ealhgthose which contain a group of

words with variety, involve complex structures azaimprise technical written texts.



For technical words, it could be easier to leamtieanings as most single technical
words provide exact meaning fixed with the form amd strictly dependent on the
field context. Some technical words can be founderhnical dictionaries. On the
other hand, noun phrases as technical terms case gaore difficulties since their
meanings can rely on the relationships betweemmng the words in the group. In
language class, language teachers normally teadifsvilo isolation. They might skip
the relationships of words in a group and theredgvé the complexities to their
learners to discover. Frequently, phrases do no¢apin the dictionaries. Therefore,
technical noun phrases can provide more difficsltiean technical words. Pueoy and
Val (1996) remark that technical terms are usedeahnical discourse to compact
information and to change the nature of more consapse meanings. A technical
term refers not to a single word but to a groupesims used to explain scientific
processes and relations. This means that in theedfeengineering, a scientific field,
many technical terms are used. These terms praodee difficulties to language
learners. To facilitate learning technical terntsisitherefore essential to study the
proportion of technical terms in the text, both derand complex noun phrases.
Nation (2001) states that in distinguishing suajr@up of words it is possible to see
how they affect language learning goals, partityldre number of words that need to
be known to be able to cope effectively with lamggian use. Similarly, Conrad
(1999) postulates that studies that include stedilsanalyses or even frequency data
can identify strong patterns in language use tlegiclters do not recognize
intuitively—patterns that may be very helpful tecliss with students.

Corpus linguistics is a methodology encompassiegstindy of the nature of

language. A corpus is a large collection of auticel@nguage in a form of either
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archive or machine-readable form. Studies in lagguand vocabulary, including
academic and technical terms in a corpus and carfridentify and/or to analyze
vocabulary and vocabulary lists, have been dorstudy proportions of words and/or
behaviors of the language, as to focus on mateaiadsvocabulary teaching (Yang,
1968; Tagliacozzo, 1975; Hass and He, 1993; Bikemrad and Reppen, 1994;
Sutarsyah, Nation and Kennedy, 1994; Howarth, 199&head, 2000; Chujo and
Genung, 2003; Chung and Nation, 2003 and 2004; W20@b; and Mudraya, 2006).
Though these works have a variety of purposescdine of these studies is to gain
more insight into the features and use of the lagguthereby offering implications
for language pedagogy. For example, Yang (1986) aseew technique to identify
technical vocabulary in scientific texts and congpahe distributions of the
vocabulary from different scientific texts. He idiéed words by their frequency of
occurrence and distribution and multi-word termstlgir collocational behaviors—
when a word frequently co-occurs with other worise frequency of occurrence of
technical words identified using statistics canused to describe scientific texts.
Chung and Nation (2003) conducted a study entitiédchnical vocabulary in
specialized texts”, using anatomy and applied listijgs texts. They identified
technical words in those texts by utilizing a rgtiscale which they had developed.
The rating scale contains four steps or categofi@ords according to their degree of
technicalness, in which Steps 1 and 2 respectiedér to function words and general
words with very little or no relationship to theelfil of the study while Steps 3 and 4
are general words and specialized words provideaapriical meaning to that field.
Chung and Nation (2004) compared different methtmts identifying technical

vocabulary from the same textbooks in order to bigwva very reliable method. They



11

concluded that the use of a rating scale is mdigbte than are other methods. Chujo
and Genung (2003) identified ESP vocabulary inedéht ESP articles and other
English language materials. They found a big gapaafabulary level between the
EGP teaching materials and the general-use Engdispuage materials and ESP
articles. These four studies exemplify ways to tdgrtechnical vocabulary. Yang
(ibid.) and Chujo and Genungpid.) applied a statistical method while Chung and
Nation (bid.) introduced the use of a rating scale, the ugeadbiical dictionaries, the
use of clues provided in the text, and the use cbmputer-based approach. The
rating scale was recommended as more reliabledémtifying technical vocabulary.
Whatever the method, | believe that these studieser to language pedagogy.

In terms of vocabulary teaching in ESP/EAP, theseai contrast among
experts’ perspectives on this discipline—to focusteaching technical vocabulary
and/or to focus on academic vocabulary. Some ERthers might believe that it is
not necessary to teach technical words becaudeaheers of the specific field know
the words more than the teachers do, and teachagbnical words is the
responsibility of the subject teachers. MudrayaO@Orecommends that ESP/EAP
teachers pay more attention to teaching acadenuabudary than other types of
vocabulary because academic words are more fregthemt technical words.
However, since technical words are a part of tkk¢ they can cause difficulties for
learners in learning as well as in comprehensiamébelieve that teachers should
teach technical words. Yang (1986) postulates l#mhers need to acquire a certain
number of scientific or technical terms. Therefdhes type of word should be taught
in class. Liu and Nesi (1999), in a study of theaster degree students’ receptive

knowledge of two types of vocabulary: “sub-techtii@nd “technical”, concluded
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that they were having difficulties with technicabms rather than other kinds of
words. They then suggest that teachers pay moeatath to technical words in
ESP/EAP classes. Similarly, Hyland (2002) argued BESP has become central to the
teaching of English in university contexts, andeefive language teaching in the
universities should involve taking specificity diet language seriously and added
further that teachers must go as far with techitycak they can.

It is interesting that researchers recommend tegchcademic vocabulary
according to the amount of coverage in the textnlotiother types of proof. In fact, a
higher amount of coverage does not refer to theededgo which a learner can
understand a technical text, but it could be thattechnical terms of the field carry
most of the content information (Yang, 1986). Thayostudy in the students’
knowledge of academic and technical vocabulary thas of Liu and Nasi (1999).
However, this research still has some flaws agekearchers agreed that they tested
only the students’ receptive knowledge—the recagmitof form—Dby the use of
yes/no test format, but not meaning and use, aatlthe findings reflect students’
knowledge only of the group they studied but aregemeralized to an entire overseas
student population or all undergraduates. Furthetysshould pay more attention to
investigate the greater depth of students’ knowdedg well as students’ ability to
produce or interpret the two types of vocabulagademic and technical (Liu and
Nesi, 1999).

From the discussion above, | believe that technedb contain a considerable
proportion of technical terms, and these techri@ahs provide more difficulties than
academic words do. Also, technical vocabulary maestfocused and taught in a

technical English class for engineering. Therefodeveloped this study, which is
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shaped from two perspectives. Firstly, the confiittanguage teachers on technical
vocabulary teaching—to teach or not to teach—coegarth academic vocabulary.
Secondly, from the review of literature, it has mdeund that there are studies
focusing on technical vocabulary and multi-wordtsmhowever, very few studies
focus on a specific field like electrical engineeri Additionally, only one study
focused on the measurement of learners’ knowledgéeachnical and academic
vocabulary knowledge in order to obtain a significandication for vocabulary
teaching in terms of technical and academic voeaiull developed my study
following Liu and Nesi's (1999) framework. To imphent the study, first | created
an electrical engineering corpus from electricajie@ering textbooks recommended
by electrical engineering teachers at Khon Kaenvéisity. To investigate the
proportion of technical vocabulary from this corptechnical vocabulary, academic
vocabulary and complex noun phrases were identiied divided into groups
according to frequency of occurrence. Second, tegestigate whether technical
vocabulary is more difficult than academic vocabgland if complex noun phrases
are more difficult than words, | then selected anbar of the identified words and
complex noun phrases from the corpus on the bédiegquency of occurrence and |
developed a vocabulary test from those selectedisvand phrases. The test aims to
measure and to compare electrical engineering stsid&nowledge (1) between
technical and academic words, (2) between techniaalds and technical noun
phrases, and (3) among all categories of vocahudeny to investigate the difficulties

with vocabulary the students are facing.



14

1.3 Significance of the study

This study is based on two assumptions. Firsthgireeering texts contain
technical terms with a high frequency of text caggr and this group of vocabulary is
likely to cause more difficulties for students thather groups. Secondly, engineering
students have learned and acquired general wordils@me academic terms during
their years in school and in first year at univigrsso they tend to have more
problems with technical vocabulary rather than aoad vocabulary. My hypothesis
is that the students know more academic vocabukay technical vocabulary, and
they know more technical words than technical nptrases. In other words, the
students get higher scores from academic vocabuksts than from technical
vocabulary tests, and they get higher scores femhrical words than from technical
noun phrases. The study then focuses on an idexitfh of vocabulary in the form of
both words (technical and academic) and complexhrwases (general, technical
and academic) in a corpus combined from electeogineering textbooks as well as
a test of engineering students’ knowledge of theabalary. One objective is to reveal
the proportion of technical and academic vocabudaryell as other vocabulary types
in the text. A second objective is to investigateetther the engineering students know
more technical than academic vocabulary and wha tiiey have difficulties with.
As a result, the findings can be used as guidestgding teaching materials focusing
on the appropriate type of vocabulary to suit eegimg students’ language needs.
Conrad (1999) suggests that the growth of cormgulstics is helpful for language
teachers to understand language use and designi\effenaterials for their students.

Moreover, Nation and Waring (1997: p. 17) assert:
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“Frequency information provides a rational basisrfaking
sure that learners get the return for their vocatyulearning
effort by ensuring that words studied will be mdten.
Vocabulary frequency lists which take account oigeahave
an important role to play in curriculum design andetting

learning goals.”

It is therefore expected that the findings frons thiudy would be useful for technical
language teachers as they can improve decisionaga&bout effective teaching
material design to help their students learn sfieeth vocabulary in technical texts

effectively.

1.4 Scope and limitations of the study

Engineering is divided into many specific fieldack as chemical, civil,
environmental, mechanical and electrical. Eachiplise has its own specificity of
the language use, depending on the nature of ¢k fstudy in several fields at the
same time would be too broad and time-consuminglead to confusion. For this
reason, this study will focus only on one disciplrelectrical engineering. This field
is selected for the study for two reasons: firdilgcause it is one of the most popular
engineering fields and widely-opened in universitie Thailand as well as globally
and because the researcher has expertise andemxqeem the field.

As the aim of the study is to serve the Technigaglish Courses for
engineering at Khon Kaen University, a corpus foe study is created only from
electrical engineering textbooks recommended byjestibspecialists from the

university. Only textbooks are used in this stuthce they are main sources of the



16

field the engineering students have to read in iEhglAlso subject teachers mainly
use textbooks or recommend them for their studientsgudy. Other sources are also
important for engineering students, but each sourag have a different language
use. The mix of different sources would have aratfion the study in terms of
samples and the findings. It is better, thereftrestudy only one source at a time to
avoid distorted results. This study does not aintampare technical language in
different sources in the electrical engineerinddfidut to investigate and reveal the
proportion of technical and academic language & tdxtbooks. Both the field of
electrical engineering and the textbooks in theddfiare used in this study as a
sampled research study which can be guidance fareiustudy in other fields and
sources.

Technical English for Engineering at KKU is taugig both EAP and ESP.
The purpose is to reinforce the students’ langusgkty and skills so that they can
apply knowledge of the language and technicalskilltheir field of study. Therefore,
two types of vocabulary—technical and academic—raainly discussed and taught
in ESP class. This study puts more focus on teehrmcabulary as | have discussed
and hypothesized that technical vocabulary causese ndifficulties than does
academic vocabulary. However, research on acadewnds needs to be conducted
since a comparison between the two types is regjuireerefore, more discussion on

literature in this study is focused on technicataloulary.
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Purpose of the study

This research study aims:

(1) To identify the proportion of words and complex nophrases in the
corpus created from the selected electrical engimgéextbooks.

(2) To identify the proportion of words (technical, deanic and general
vocabulary) in the electrical engineering textbooks

(3) To identify the proportion of technical, academicigeneral noun phrases
in the electrical engineering textbooks.

(4) To measure and compare the students’ knowledgeadbulary between
technical words and academic words.

(5) To measure and compare the students’ knowledgeadbulary between
technical words and technical noun phrases.

(6) To identify the type of vocabulary the studentsehdifficulties with.

Research questions

As it is doubtful whether language teachers haeeided on teaching the right

words, and which group of words between techniodl academic are more difficult

and problematic for electrical engineering studemis should be given more focus in

technical English classes, three research questiatis eight sub-questions are

formed as follows.

(1) What proportion of the different types of vocabwlarccurs in the
electrical engineering corpus?
(1.1) What is the proportion of words and complex nourapés in

the electrical engineering corpus?
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(1.2) What is the proportion of technical words, acadewncds, and
general words in the electrical engineering corpus?

(2.3) What is the proportion of technical noun phrasesdamic
noun phrases and general noun phrases in the iehctr
engineering corpus?

(2) How well do the students know each type of lexigats from the
electrical engineering corpus?

(2.1) Which type of lexical items between technical anddemic
words do the students know more?

(2.2) Which type of lexical items between technical woadsl
technical noun phrases do the electrical engingestindents
know more?

(3) How do the students’ study levels affect their kiexlge of

vocabulary?

1.7 Definitions of operational terms

There are some terms frequently used as keywardsoperational terms in
this study. These terms are briefly defined forsistency of use through the whole

study and its report.

Electrical engineering corpus

A ‘corpus is a large collection of authentic texts either archive or in
electronic form. The corpus used in this study ieated from five electrical
engineering textbooks randomly selected from fivierknt areas/subjects in this

field, contains approximately 120,000 words, andt@ed as plain text (*.text). It is
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used for a study focused on technical vocabulaoth) Isingle-word vocabulary and

multi-word units which focus only on noun phrases.

Words

The term‘'word’ in this study refers to an isolated lexical unithwits own
meaning and without any modifiers. A word can beoan, a verb, an adjective, a
pronoun, an article, etc., for example, currendbcped, the, with, active, it, etc. In this
study, the term is normally used in the plural foem ‘words’ which includes
function words, general words technical words academic words and low

frequency words

Phrases

The term'phrase’ in this study refers ta complex noun phrasewhich is a
group of words used as a noun to express one ngedhoontains a head word which
is pre-modified by the other word(s), for exampédectric plate, primary coil,
synchronous motor, etc. It is counted as a lexioal with its entire meaning relying
on all the words in the group. Similar to the telword’, the term ‘phrase’ is
generally used in the plural form. There are thsgees of noun phrasegechnical

noun phrases academic noun phrasesndgeneral noun phrases

Technical vocabulary

Technical vocabulary refers to a word or a gro@ipvords in the form of a
noun phrase used as a technical lexical unit peaiic field with specific meaning to
the field (Nation, 2001). It varies according tdfelient fields of study such as

engineering, medical sciences, and applied linggistin this study, technical
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vocabulary includes both technical words and temdinnoun phrases used with

specialized meanings in the field of electricaliaegring.

Academic vocabulary

Academic word refers to a word which occurs inidemange of academic
texts from different fields of study. It is iden&fl with frequency and range
(Coxhead, 2000). In this study, academic vocabwacademic lexical unit includes
both academic words and academic noun phrasesh @etidentified by the use of

the Academic Word List (AWL) by Coxheaibid.)

1.8 Summary of introduction

Engineering students at Khon Kaen University aagigmed to study English
engineering textbooks as the original source. T@tntke need to study English
textbooks, the students are required to enroliMa tourses of Technical English to
enhance their language knowledge and skills Teaehritoglish courses have been
taught as EAP/ESP and emphasize reading and wramgvell as grammar and
vocabulary. With the figures of academic and techinivocabulary covered in
academic texts and the ignorance of the scientifictext, language teachers and
researchers place their focus on academic vocabular fact, the coverage of
technical vocabulary in some academic texts isidensbly higher. Anyhow, there is
a dispute among language teachers over whethenitathvocabulary should be
taught in language class or not, compared with ewad vocabulary. From the
researcher’s experience, though the students ctenpleo courses of Technical
English for Engineering, they still have problemshwechnical language in English

engineering texts, especially technical vocabuls¥vith regard to the contrast of the
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language teachers’ opinions on technical vocabukaghing and the difficulties the
students are facing, this study was formed. Thdystacused on an identification of
technical vocabulary and a measurement of learnessabulary knowledge (a
comparison between technical and academic vocabukeor the study, an electrical
engineering corpus was created and words (techaitdl academic) and complex
noun phrases (general, technical and academic) werified. Some identified
words from each type were randomly selected, basedheir high frequency of
occurrence, and these words were used as testats ite measure electrical
engineering students’ knowledge of technical areblamic vocabulary to prove the
hypothesis—the students get higher scores from eac@dvocabulary than from
technical vocabulary tested and higher scores fteohnical words than from

technical noun phrases.



CHAPTER 2

REVIEW OF RELATED LITERATURE

2.1 Theimportance of vocabulary for reading

Reading is an important language skill since dirgpknowledge of a foreign
language is important to academic studies, prajessi success, and personal
development. “This is particularly true of Englial so much professional, technical
and scientific literature is published in Engligiday” Alderson (1994: p. 1). There
are many studies which have focused on readingitandifficulties (e.g. Brown,
1988; Cohen, Glasman, Rosenbaum-Cohen, Ferra amgl EB88; Ward, 2001;
Williams, 1985 and Uso-Juan, 2006) as well as repdind vocabulary (Alderson,
1984; Cobb and Horst, 2001 and Marshall and Gillmd®93). Aldersonibid.)
remarks that second language readers have mordem®bwith grammar and
vocabulary. Limited by lexical knowledge, readeimvén difficulties with reading
comprehension (Marshall and Gillmour, 1993). Cobld &orst {bid.) tried to help
their learners learn more vocabulary since theyevi@ecing with lexical limitations in
reading academic English.

Language learners need to learn the vocabulartheflanguage (Harmer,
1997) since learning vocabulary is essential, thigsuof vocabulary are the basic
building blocks of language (Read, 2000 and Schr8ithmitt and Clapham, 2001)
which language learners need for communication fdraiand Nation, 1995).

Similarly, Sutarsyah, Nation and Kennedy (199449) point out that though
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vocabulary is only one part of language learnihgs a component that learners pay
more attention to and spend more time on it. Wittaewareness of the importance of
vocabulary, many language teachers and researgérthe focus on vocabulary
studies (e.g. Chung and Nation 2003-2004; Clark tshdgda, 2005; Laufer and

Nation. 1955; Laufer, 1998; Mudraya, 2006; and dfaand Hwang, 1995).

2.1.1 Receptivevocabulary knowledge

Vocabulary is learned and known to various degrées the well-known
guestion “what it means to know a word” can be lsicribed by looking at the
process when receptive or passive vocabulary idieapband a text decoded and
comprehended (Arnuad and Savignon, 1997). Receptieabulary (Nation, 2001) or
passive vocabulary (Arnaud and Savignon, 1997 aadfdr, Elder, Hill, and
Congdon, 2004) refers to the ability of recognitiaorforms and meanings including
the behaviors of words and their meanings usedffarent contexts. As its name
implies, this knowledge is then applied with recepskills like reading and listening.
Arnuad and Savignon (1997: p. 157) discuss thei@n of passive vocabulary in
the comprehension process “Using phonetic clueseptein the speech continuum,
the phonological representatiosighificant) of a lexeme is accessed, which in turn
permits access to the representation of its meaxsgnifie). In other words,
comprehension takes place when words in the textearognized and their meanings
are known. Based on the idea of use, Corson’s5)1p8ssive vocabulary refers to
the active vocabulary plus three other kinds ofalndary which include words partly
known, low frequency words not readily retrieved fese, and words avoided in

active use (Nation, 2001).
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Receptive knowledge of vocabulary has a closdioalship with breadth of
knowledge of vocabulary. While the receptive tadhmut the degree of vocabulary
knowledge, the breadth of vocabulary knowledgestalkout how many words are
known (Nation, 2001: p. 354). According to ReadQ@0p. 81) the term ‘breadth’ is
used by Anderson and Freebody (1981). In essemmmgbulary knowledge, when
being measured, the receptive or passive knowléesigeeasured as breadth. There
have been studies focusing on learners’ passiveliedge of vocabulary. To measure
vocabulary knowledge, researchers have designed|aped, and validated receptive
vocabulary tests, for example, the Yes/No testlmdRlist (Meara and Buxton, 1987,
Beekmans, Eyckmans, Janssens, Dufranne and Vanettke,\V2001; Huibregtse,
Admiraal and Meara, 2002 and Mochida and Harringk®96), the Vocabulary
Levels Test (Nation, 1983; Beglar and Hunt, 1999 Sohmitt, Schmitt and Clapham,
2001), and the Translation Test (Nurweni and R&89)1 With these tests, the
students are to tell either they recognize worth®of the tested items or they know
their meanings. The scores resulting from these tigges can tell only passive
vocabulary knowledge in terms of breadth—how mubk students know the
vocabulary being tested, but not how well they krtbese words. Also, the scores
can yield some implications whether the learnery tmave problems with reading

comprehension or not.

2.1.2 Vocabulary knowledge and reading
In the field of foreign-language reading whererteas apply most receptive
knowledge of vocabulary, vocabulary is consideregkatial and cannot be neglected.

In fact, it is one of the focuses of language teagh Laufer (1997: p. 20) mentions
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“No text comprehension is possible, either in oneasive language or in a foreign
language, without understanding the text's vocalyuld=urthermre, Cooper (1984)
remarks that readers with inadequate vocabularly heitome handicapped in their
reading. Laufer (1997) asserts that the threshotdcOmprehension is lexical, and
lexical problems, the major obstacle, can hindemm®hension. Hence, reading
comprehension is strongly related to vocabularywkadge (Marshall and Gilmour,
1993), more strongly than to the other componeritseading (Laufer, 1997).
Increased proficiency in high-frequency vocabulbgds to an increase in reading
proficiency. Therefore, “The relationship betweeatabulary knowledge and reading
comprehension has been an extensive focus of igadsh among reading
researchers and the amount of attention paid ® dhea of research has clearly
indicated that it is a crucial issue for learndiGlark and Ishida, 2005: p. 226). There
are research studies (e. g. Carrell, 1988; Kod&9 1&nd Laufer,1992; quoted by
Clark and Ishida, 2005) showing that vocabularyvidledge has a positive effect on
reading comprehension.

Moreover, several research studies show the abiwel of vocabulary
knowledge and language proficiency (e.g., Lee, 2808 Barrow, Nakanishi, and
Ishino, 1999). This is consistent with Meara’s dst{1996) that learners who know
more vocabulary are more proficient in languagdissihan learners who know fewer
vocabulary items. Not only in reading does one rteddhow and recognize words in
the text, but also for other communication skiow can one understand texts or
produce a composition if they do not know words?sTgrovides implications that
language learners need to learn vocabulary item#asther words, vocabulary is

relatively important to reading.
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2.2 Waysof classifying vocabulary

Words are classified into categories with two majateria: (1) frequency of
occurrence (West, 1953; Xue and Nation, 1984; Hatr@90 and Coxhead, 2000) and
(2) range or meaning strict to the discipline (Nati2001). According to the nature of
their occurrence in texts, words as so called voleap are classified into categories
such as common and technical/scientific vocabul@Fggliacozzo, 1975); well
distributed words, subtechnical words, and scietEfchnical words (Yang, 1986);
general and technical vocabulary (Haas and He, )1%f#heral, semi-technical and
technical vocabulary (Farrell, 1990); and high-freqcy words, academic words,
technical words, and low-frequency words (Coxhead Blation, 2001 and Nation,
2001). In fact, from Nation’s categories, high-fuegcy words are general/common
vocabulary, and some low-frequency words can bdnieal words with low
frequency of occurrence (Yang, 1986) or specialimends from other disciplines.
With all categorizations discussed, it is prefegabthat vocabulary in
academic/scientific texts be classified, based oeedn of vocabulary for
comprehension, into three main categories whichgareeral/common words, sub-
technical/academic words, and technical/scientifiords since in comprehension
language learners need at least 95% of words itettigLaufer, 1998) and this 95%
is comprised of 80% general words, 10% academiasyaand 5% technical words

(Nation, 2001).

2.2.1 General vocabulary

General vocabulary or general service vocabulansists of high-frequency

words in most uses of the language and covers &fdraming words in a wide range
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of general texts (Nation, 2001). This group of weomdcludes words from thigh-
frequency word list which Michael West (1953a), as cited by NationOQ®0 callsA
General Service List of English Words (GSL). This list, identified by West (1953),
contains around 2,000 word families providing batBmantic and frequency
information drawn from a corpus of five million wats created from general written
texts (Carter and McCarthy, 1991). Words from tlasinclude both function words:
the, with, of, a, etc.; and content words: compmetjt state, present, write, etc.
Buaman (2007) remarks that the actual list cont22&! headwords (with the number
of occurrence per 5 million words). Each headwapresents a word family, so it
does not represent a single learning unit for enkyaof English. Learners who know a
headword are expected to know its inflected forifiserefore, a critical question
emerges—“How many words does the GSL contain?” GB& can be downloaded

free athttp://jbauman.com/gsl.htnfBauman, 2007).

There are two criticisms of the GSL widely dis@gamong researchers: its
size and its age (Hwang and Nation, 1995). The 3Slivided into two levels: the
first 1000 and the second 1000 words. TH&.@00 words cover around 70% plus in
non-fiction texts while the™ 1000 words covers only 4-5% in the same texts (hyva
and Nation, 1995). The figure of coverage leada size criticism if the ® 1000 is
essential for language learners (Engels, 1968 duioyeHwang and Nation, 1995).
Also, as the list is old and there are constanhgbs in language, it does not contain
some new high frequency words (Richards, 1974 gudte Hwang and Nation,
1995). It does not matter whatever the criticisares The GSL is always considered
essential as a basis of vocabulary knowledge tdaamtjuage learners. Though the

GSL is quite outdated as the corpus, collected foohg written text, was created and
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the words were counted in the 1930s, and some nedem words are missing
(Carter and McCarthybid.). Notwithstanding, it “has had a wide influence feany

years, serving as the basis for graded readersefisas other material” (Bauman,
2007: p. 1) and it is essential and appropriatelédarners who are moving on to
special purpose study (Hwang and Nation, 1995). ddeer, the GSL is still

applicable and utilized by researchers who work conpus analysis (Sutarsyah,
Nation and Kennedy, 1994; Nation and Hwang, 199%rd)/1999; Coxhead, 2000

and Chung and Nation, 2003 &2004).

2.2.2 Academic vocabulary

Academic vocabulary is variously known as sub+témdl vocabulary
(Cooper, 1984 and Yang, 1986), semi-technical voleap (Farrell, 1990), and
academic vocabulary (Coxhead, 2000) and is commoacademic texts (Coxhead
and Nation, 2001). It refers to those words thauooutside the General Service List
by West (1953) and apparently used in different&inf academic texts. This group
of words is called the Academic Word List (AWL) andntains 570 word families
created by Coxhead (2000). Words of this type nbdynwver 9 % of the running
words in the text (Nation, 2001). This list can lownloaded free at

http://www.vuw.ac.nz/lals/research/awl/sublists.htin fact, before this list was

generated, several studies in vocabulary neededadademic study had been
conducted. Xue and Nation (1984) created the UsityewWord List (UWL). This list

was combined from the words which do not appe#nenGeneral Service List (GSL),
but occur frequently in a wide range of academxtsteThe UWL contains over 800

word families which cover 8.5 % of running wordsdnademic texts. It was later



29

replaced by the AWL (Coxhead and Nation, 2001). l&axi (2000) remarks that the
weakness of the UWL is attributed to a lack of cstesit selection principles and
thereby resulted in a small corpus with no wide baldnced range of topics.
Academic words in the AWL are commonly identifieg their frequency and
range of their occurrence across academic fields. Academic Corpus is combined
from 414 academic texts by more than 400 author3,%13,330 tokens or running
words and 70,377 types (or different individual d®r (Coxhead, 2002). The corpus
is generated from 28 subject areas distributed dherfour divisions, e.g. arts,
commerce, law, and science (Coxhead, 2000 and VdadgNation, 2004). Words
included in the AWL are selected based on threeerai including specialized
occurrence, range, and frequency (Coxhead, 20Q@cidized occurrence refers to
the occurrence of words outside the first 2,00(h Hrgquency words from the GSL
by West (1953). Range is the occurrence of a wordsa different fields—a member
of a word family must occur at least 10 times inteaf the four main divisions and in
15 or more of the 28 subject areas. Frequency m#amismembers of the word
families must occur at least 100 times in the cerpMith these criteria, an academic
vocabulary is identified and defined as a word Wwhoccurs generally in academic
texts, outside the GSL, across a wide range ofterim different fields, and with
high frequency. Since the AWL is created from alwekigned corpus, it is well-
known among corpus linguists and English languagehers worldwide and used in
research studies and references (see Kornwipa Bop002; Chung and Nation,
2003; Murphy and Kandil, 2004; Morris and Cobb, 20Clark and Ishida, 2005; and

Mudraya, 2006).
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2.2.3 Technical vocabulary

Technical words are specialized words closelgteel to a specific area or
field of study like engineering, medicine, lingugst etc. They are commonly used in
specialized textbooks. This group of words is ideat by the meaning of a word
strict to the field in which it occurs and its hiffequency of occurrence or use in that
field (Tagliacozzo, 1975; Yang, 1986; Nation, 20ahyl covers about 5 % of running
words in the text (Nation, 2001). Some technicalrdgohave low frequency of
occurrence (Liu and Nesi, 1999). Technical vocatyutan be a common word which
provides a specialized meaning different from gsnacular meaning when used in
specific field. Wignell, Martin and Eggins (1993at that the use of technical terms
can be overlapped with words from other fields. igirty, Bowker and Pearson
(2002) mention that technical words and generald&aran have some degree of
overlap.

Researchers in the technical field have providedila definitions for
technical vocabulary regarding (1) groups of spest& (2) fields of use, (3) special
meanings, (4) distinct forms or morphology, angh@h frequency of occurrence in
the specific field. For example, relying on grougfsspecialists, fields of use and
morphology, Tagliacozzo (1975) explains that techAhianguages are specifically
used by particular groups of people who have commpecific knowledge on
particular domains, and they provide forms difféerém common language. She
compared ‘technical language’ todealect, giving the reason that it is the language
spoken by a subgroup of people who use the ‘comarmguage.” Focusing on fields
of use and the unique nature of technical vocapuldation and Newton (1997)

explained that technical vocabulary is used withprecialized field, and it may be
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sensibly common in that field. That includes eveejd such as engineering, law,
chemistry and so on and has its technical vocapularque to its area. Regarding
fields of use and special meanings, Nation (2001J €hung and Nation (2004)
remark that technical vocabulary is a word whicleasxmon in specific area but not
so common elsewhere and which is one that is spdoifparticular topic, field or
discipline. Technical words differ from subject @réo subject area and provide
specialized meanings to the field they are in. &fwe, the restriction of a word and
its meaning to the field determines the degreesdfnicalness of a word. Regarding
high frequency of occurrence, Yang (1986) postsl#tat technical terms are words
that occur in high concentration and play an imguartrole in scientific texts. In
essence, technical terms have considerably higjudrecies of occurrence in texts
where they are used.

With his criteria on the restriction of words t@articular subject area, Nation
(2001) defines degrees of technicalness in fowegmates. The first two categories are
included as technical vocabulary. Category 1 reti@nsords mostly used in the field
and appearing rarely outside the field, and Categ@as vocabulary items used both
inside and outside the particular field with difat meanings. The last two categories
are not counted as technical vocabulary. Categongl8des words used both inside
and outside the particular field with particularangng. The meaning of the words
used inside the field is accessible through th&aming outside the field. Category 4
means the words more commonly used in a specéid than elsewhere where they
may be little or no specialization of meaning, thlospecialists of that field know its
exact meaning. Using the Rating Scale adapted tfendegrees of technicalness,

Chung and Nation (2003-2004) identified technicalcabulary in an anatomy
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textbook and an applied linguistic textbook. InitHeating Scale, Step 1 refers to
“words such as function words that have a mearhagtas no particular relationship
with the field of anatomy, that is, words indepemdef the subject matter.” Step 2
includes “words that have a meaning that is miniynalated to the field of anatomy
in that they describe the positions, movement, eatures of the body.” Step 3
contains “words that have a meaning that is closelgted to the field of anatomy.
They refer to parts, structures or functions oflibdy, such as the regions of the body
and systems of the body. Such words are also usgéneral language. The words
may have some restrictions of usage dependingeauhiject field.” Step 4 combines
“words that have a meaning specific to the fieldanatomy and are not likely to be
known in general language. They refer to structares$ functions of the body. These
words have clear restrictions of usage dependinfp®@subject field.”

Studies on technical vocabulary have been undamntédr years, either to find
out practical methods for identification of techaliovocabulary or to investigate
numbers of technical words in specific domains (,ab986; Hass and He, 1993;
Pueyo and Val, 1996 and Chung and Nation, 2003hisnbook, Nation (2001)
discusses two systematic methods to identify leftgechnical vocabulary: using
technical dictionaries and using corpus-based &Bqu count. In their latest study,
Chung and Nation (2004) conducted a study compdang methods in identifying
technical vocabulary in an anatomy text: the use &Hting scale, the use of technical
dictionary, the use of clues provided in the tead the use of a computer-based
approach.

1. The use of a rating scale: In this method the researchers and the

raters make a decision whether a word is technimedbulary or not, relying on their
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intuition and knowledge of the area. The scale @iost4 steps. The words that fall at
steps 3 and 4 are classified as technical wordsattateps 1 and 2 are not. To test the
reliability of the scale, the interrater reliabyjlis applied. The raters should be trained
using the same text used for the study.

2. The use of a technical dictionary: This approach relies on a
specialist who compiles a technical dictionary. bokn words from the text will be
checked with the dictionary. If the words appeathie technical dictionary, they are
technical words. An advantage of this method ig the word is judged by the
specialist, but a weak point is that it is basedoa person’s intuition.

3. The use of clues provided in the text: In some texts, the authors
provide some signals to learn and to guess the imgahtechnical vocabulary. Some
writers give definition to the word. Some may ugaographical clues: they make the
word bold or italic to state that the word is specialized. Some mayhmiwords as
labels in diagrams or illustrations. The flaws bistprocess are that sometimes it is
difficult to find clues, and some typographicalreds can refer to something else, not
merely technical terms.

4. The use of a computer-based approach: The process in identifying
terms is called automatic term extraction (Heid@&/2999 and Pazienza, 1998/1999),
automatic term recognition (Kageura and Umino, 1998 computer-assisted term
acquisition (Gamer and Stock, 1998/1999). (ChurgyMation, 2004) This approach
involves with using a software program with a capto identify technical
vocabulary. The comparison corpus is normally higden the technical corpus.
Sometimes, the users need to adapt the softwaoceebtfe real use. The extraction

software comprises two different approaches: siedisand linguistic. The linguistic
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approach is used to identify possible words befoeestatistical method is utilized to
identify real technical vocabulary.

The first three methods above classify technicadabulary with meaning
strict to the field relying on intuition to judgé a word is technical while the last
technique uses high frequency of occurrence instmecific field—a figure from
statistics. These methods have some weak points. uBe of rating scale and
technical vocabulary depends much on the intuitcdnthe researcher and the
dictionary editor. The disadvantage of the useloésis that some technical terms
have no clues provided in the text, so many terrsbe missing from the list.
According to their study comparing the four appte in identifying technical
vocabulary, the findings turn out to be differe@ut of the four methods, the rating
scale is preferable since the criteria are quitk-established (see also Nation, 2003
and2004). The four scales are set up using mearigria with the degree of
technicalness employed by Nation (2001). Chung Mation (2004) concluded that
the rating scale approach, compared with othercgmbres, was more reliable, valid
and practical than the others, though it is timestmning to check every word, and a
well-trained inter-rater is needed to ensure frafiability.

In conclusion, the criteria used to classify vodabuinto groups are quite
practical and applicable as they are set up basédeolevel of difficulty for language
learners, steps of language learning and needofoprehension. General words and
academic words are clear-cut identified and sepdriiom each other with the same
criteria—words occur with high frequency in a widesge of general and academic
texts—and they do not overlap. Therefore, the Garfeervice List (GSL) by West

(1953) and the Academic Word List (AWL) by Coxhg2000) have been accepted
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and used by language teachers and researcherghtlioel GSL is outdated (Carter
and McCarthy, 1991). However, classifying techhiaecabulary is still problematic
since the criteria to identify technical words el unclear and unreliable, so
identified technical words overlap with some geharal perhaps academic words. If
high frequency of occurrence is used, there willsbene arguments since general
words also occur with high frequency, and some rteeth words occur with low
frequency. Also some general words are frequergbduas technical words. In these
cases, this criterion may not be reliable. The alseneaning strict to the field is
possibly preferable and has been proved more feliap Chung and Nation (2004)
though some criticism has emerge stating thatliggen the intuition of the person
who identifies the words. A solution to this critar is the use of an inter-rater in the

identification of the words (Chung and Nation 2Q03)

2.3 Complex noun phrases

In scientific language or technical discourse,séems that multi-word
vocabulary, in this case a complex noun phrasg/spd@ important role in carrying
most contents (Martin, 2001). It is noun phrasksrdfore, that characterize written
English, especially those used in physical sciesinee they are used to compact
information in each clause, and the text becomeasdby dense (Halliday, 1994 and
2004). A multi-word vocabulary or multi-word ternfgng, 1986) refers to a group of
two or more words which occur together and are @sed single unit or word with
one meaning in the context of a discourse. A nolrage is a type of multi-word
vocabulary which, as its name implies, functionsaasoun in a clause. Quirk,

Greenbaum and Svartvik (1985: p. 1350) classifynnalorases into two types: simple
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noun phrases and complex noun phrases. Therefmeyaun phrase can be used as
subject or complement (Halliday, 2004). In facte thoun phrase is a bit different
from the multi-word term in the way that while thrulti-word vocabulary consists of
at least two words, the noun phrase can stand @opdeconsist of only a head noun
(Bloor and Bloor, 1995: p. 135). As the focus ofstlpart is put on multi-word
vocabulary, the nominal group which contains omg ¢lead noun is excluded since
it is not complex or not of interest in this studylherefore, the nominal groups

ranging from two words or noun phrases are thedocu

2.3.1 Word formation and structure of complex noun phrases

Nouns can be extensive; for example, two nomimalgs—a sophisticated
computer anda computer with an external drive—can become more expansive like
sophisticated computer with an external drive that meets all the requirements (Bloor
and Bloor, 1995: pp. 26-27). Bauer (1983) and Mi@a(1990) discuss two ways a
noun can be formed: derivation and compoundingivagon refers to new lexical
items to be created using pre-existing words besdwt necessarily involve a change
in their form. For example, with derivation, detivas of electric can be obtained
such as electricity, electric light, electrical teay, etc. (Halliday, 2004: p. 150).
Compounding is a creative word-formation considesisca communicative strategy
and applied when the right word cannot be found@htthy, ibid.). Trimble (1985)
postulates that noun compounds or noun stringsagortvo or more nouns plus
necessary adjectives that express a single concepsingle-noun idea. For example,
the phrasean advertisement in a magazine can be formed asa magazine

advertisement and the clausa person (or machine) that binds books can be formed as
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a bookbinder (see more details in Trimble, 1985: pp. 131-13¥un compounds
looks similar to noun derivatives, but the intetpt®en of their meaning is
problematic since many noun compounds are formdduaad as technical terms and
cannot be directly translated word by word or latjic back-formed. A compound
word is a new unit and which becomes lexicalized &red, and its form may
change. Words comprising a compound may be hypeénatbe clearly treated as a
word for communicative purposes (Bauer, 1983 andmd997).

According to Thomson (1996), the functional stanet of complex noun
phrases can be divided into three main parts ite-npdifier, head, and post-
modifier. Not all complex noun phrases contain thi three parts, but the head,
normally a noun, is obligatory. He adds that the-miodifier shows more functional
diversity, while the post-modifier serves only gareénary function which is relatively
simple in functional terms, but it is structurafiytremely complex and has a capacity
for apparently infinite extension. Therefore, coexphoun phrases containing only
the Head noun and pre-modifier are studied andudgsd in this study.

A pre-modified complex noun phrase refers to augr@f words which
contains a noun as a head word and has a modifraoce in front of it. This type of
multi-word unit includes some compound nouns, wlgohtain two or more words,
defined by Trimble (1985). Trimblakid.) defines compound nouns or noun strings
as groups of two or more nouns plus necessarytagjeceach of which make up a
unitary concept. A compound noun is treated as rawith a unitary meaning. Carter
and McCarthy (1991: p. 19) state “...when we talkvofds, we are not excluding the
fact that some multi-word units,..., behave largéte Isingle words for the purposes

of examining meaning-relations in the lexicon. Twerd ‘word’ will therefore be



38

used as convenient shorthand for lexical items afyimg kinds.” Moon (1997)
differentiates compounds from single words on theddition that they are composed
of two or more orthographic words (tokens) and cafre separated out. Compounds
are normally hyphenated, and this is a techniquevhich a group of words is
lexicalized and become non-compositional. The s&stpform of the complex noun
phrase is as follows.
Modifier + Head Noun
With this discussion, a compound noun is differeam a nominal group in
the way that a compound noun contains two or mowns (perhaps plus modifier)
and its meaning can be more complex and cannattbgreted on a word-by-word
basis (Moon, 1997), while in a nominal group camitag a head noun plus modifier(s)
the meaning of a nominal group is extended by itslifrer and can be interpreted
word-by word. Thus, a compound noun can be singiynéd as follows.
(Additional Modifier) + Noun +Head Noun
Compound nouns, which provide more complex meaningve been
categorized by length and difficulty of paraphrasinto four groups: simple (Metal
shaft), complex (Automated nozzle brick grinder)oren complex (Long-term
surveillance test planning), and very complex (Hmleneous graphite moderated

natural uranium fueled nuclear reactor) (See Tranb985: p. 133-135).

2.3.2 ldentifying and classifying pre-modified complex noun phrases

There is an unavailability of a frequency list foulti-word terms like those of
the GSL and the AWL. Arnaud and Savignon (1997t60) assert that “Quantitative

data on the learning or use of complex (or multdydexical units are less advanced
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than the data on simple units. One reason for ithihat complex units are more
difficult to trace in corpora as they take moreatént shapes in discourse the more
complex they are.” With a lack of the data anddHhgculties involved in identifying
multi-word terms, no classifications of multi-wak@ms is available.

Multi-word vocabulary can be identified with songertain criteria. Yang
(1986) set up presuppositions as criteria to idemtulti-word terms for his work
entitle ‘A new technique for identifying scientifiechnical terms and describing
science texts’. Yang's presuppositions (1986: H8)

1. Multi-word terms are mainly nominals;

2. Multi-word terms cannot go across punctuation marks

3. Verbs may be terms by themselves but no part ofuli-mord
term because of 1.;

4. Function words should be excluded with the exceptiof
prepositions, because prepositions may be partudti-mord terms
(e.q. ‘speed OF propagation, ‘revolution PER mihéte.);

5. Adverbs may be part of multi-word term (e.g. ‘VERNgh
frequency’, ‘POSITIVELY charged ions’, but adverlber text
cohesion (e.g. ‘subsequently’, ‘naturally’, ‘usyalletc.) should be
excluded;

6. No multi-word terms can end up with an adjectivadverb;

7. S-endings should be removed for the purpose ofuéeqy
counting.

Yang’s criteria focus only on nominal groups, ahd terms were counted only for

their frequency, to investigate the proportion ofiltword terms in his corpus.
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Though Yang ipid.) identified nominal groups, he did not classityen into
categories as technical and non-technical.

Multi-word terms, in this case noun phrases, uasdgeneral terms and
technical terms in scientific texts are createchwite same principles as are nominal
groups used in general texts (Sager, 1990: p. 9ouk phrase is used and treated as
a single unit or a word. In the case that individwards in a discourse can be
identified and classified into categories (functi@eneral and technical) with the
Rating Scale, this method should be applicable withti-word terms of the same
discourse as a word does not occur alone but daes & relationship with word(s)
close to it. That is to say, multi-word terms asum@hrases would possibly be
classified into general, technical and academiegmies as are individual words,

considering their components and their meaning@fthole unit in the context.

24 Therelative importance of academic and technical vocabulary

Academic and technical vocabularies are normallgit in ESP/EAP classes.
ESP/EAP is an advanced language class since theetsaare normally required to
have knowledge of general English, and the learmerg need to know 2,000 words
of general English before coming to an ESP/EAPsc(@&oxhead and Nation, 2001).
If the learners can control 2,000 words, that medémsy will have an ‘access’ to
learning more advanced vocabulary which, in thisecare academic and technical
words. Coxhead and Nation (2001) postulate thatieroé&c vocabulary should be
taught first and technical words later since 80%uwoining words in an academic text
are general words. To comprehend a reading textstildy by Laufer (1989) reveals

that learners need to know about 95% of runningdaoiThe ESP learners are
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expected to know 80% from general words; thereftrey can gain an additional

15%, of which 10% comes from academic words andré#a technical words.

24.1 Thecurrent focusof EAP vocabulary

Coxhead and Nation (2001) and Nation (2001) dsdhe importance of
academic vocabulary giving four main factors. Mrstacademic vocabulary
commonly occurs in a wide range of academic tegtess subject areas (Cooper,
1984), but not in non-academic texts. They say shiadies focusing on analysis of
academic vocabulary have been done since the cemspwere not available, and a
study by Barber (1962) triggered much thinking @ldénglish for Specific Purposes.
Very few studies comparing the frequency of acaderocabulary in academic and
non-academic texts have been publicized, and tleetlost shows a big contrast in
frequency is Coxhead’s (1998). Secondly, a nunob@cademic words in academic
texts, measured by looking at tokens, lemmas, aodl viamilies, are considered
substantial. This substantial number can be seem f6utarsyah, Nation and
Kennedy's (1994) results found that the UWL whiatvers around 8.4% of the
running words in the Learned and Scientific sedi¢®ections J) from the LOB and
Wellington Corpora, and 8.7% of running words in egsonomic text and that the
AWL (by Coxhead, 2000) covers 10.2% of the tokehsier Academic Corpus of
3,500,000 running words (Coxhead and Nation, 206d Mation, 2001). Thirdly,
academic vocabulary is not well known by learnezsmpared with technical
vocabulary. Nation (2001) provides an example fl©ahen, Glasman, Rosenbaum-
Cohen, Ferrara and Fine’s study in 1988 that saradeanic words such &ssential,

maintain, andinvariable, are more unknown than technical words becausbeaif
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technical use and a lack of awareness on the pattheolearners as well as an
ignorance of related terms referring to the samegttand their lexical cohesion.
Nation (2001) added that by the use of the Vocapulavel Test, many learners got
low scores on the UWL section. Fourthly, academarabulary is a kind of
specialized vocabulary that language teachers edpm their learners understand.
Unlike, academic vocabulary, technical vocabulargvgles more difficulties for
language teachers. The most important thing is thatteachers might lack the
background knowledge in the subject, and they magdnto learn technical
vocabulary in the texts for teaching materials. ©leer is that there is a diversity of
students from different fields in the same groupaflis why academic vocabulary is
the core vocabulary for the mixed groups of stusleast it occurs across different
fields. In light of the four reasons above, acadewsicabulary has become a focus of
vocabulary teaching for ESS/EAP while technicalalmdary has been pushed aside.
Studies in academic vocabulary discuss the numthage and frequency of
occurrence, but very few focus on measuring leatnknowledge of academic
vocabulary (see Marshall and Gilmour, 1993) or itsstifficulties compared with the
other specialized language or technical vocabu{aege Liu and Nesi, 1999). The
excuse that language teachers have more diffisultieh technical vocabulary rather
than academic vocabulary seems acceptable in tigudge teaching community.
This leads the language teachers to pay less iatteiot technical vocabulary for two
reasons. Firstly, language learners know more teahwords than do the language
teachers and have fewer difficulties with technicacabulary than academic
vocabulary. Secondly, subject teachers deal withrtieal vocabulary while teaching

the contents. The first claim is sensible, but éhare not a sufficient number of
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empirical studies to prove its veracity. The secolam is doubtful, at least when
considering the manner in which subject teachergngelved in language teaching in
the countries where the course is taught in a laggwther than that used in the
textbok. For example, at Khon Kaen University sabjeachers give lectures in Thai,
but most assign their learners to study Englishbteoks as original sources of
knowledge. Do the subject teachers teach techmmadbulary simultaneously with
the content? In the Thai context, there seems teobempirical study to answer this
guestion. Perhaps, the second claim may coveittaioens in which the learners use
English as a second language along with their eddéimguage and where learners take
courses conducted in English. In these situatisalject content is taught in English
and the teachers need to clarify the technical gefion their learners. To conclude,
academic vocabulary is important, but the balarfcbeabth academic and technical
vocabulary as a major part of academic texts argba of ESP/EAP should be
justified, considering the real situations in whitfe language is used and taught.

Moreover, there should be more empirical studiebath types of vocabulary.

2.4.2 Reconsideration in academic and technical vocabulary

Chung and Nation (2003) found that an anatomy ¢extains 20.3% general
words, 8.6% academic words, 37.6% technical woeag] 33.5% low frequency
words and that an applied linguistics text contdih8% general words, 17.4%
academic words, 16.3% technical words, and 24.5% fiequency words. This
suggests that proportion of vocabulary type vadesording to area or discipline.
The question is “Can we make sure the studentshaiNe no difficulties with the

anatomy text if we follow the steps of teaching nircacademic to technical
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vocabulary?” The anatomy text contains such a hpgbportion of technical
vocabulary that it can block comprehension. Languégachers may argue that
learners have some knowledge of the field, and tinéyht know some technical
words. This is true and acceptable if the ESP amgsovided for field-experienced
learners. However, many ESP classes in universitieprovided for new learners of
the field, for example, Technical English for Enggning at Khon Kaen University,
which is geared to prepare the engineering studentecademic study in engineering
texts. With no or very little experience, the laaga in this field would be new to
them. And what is the proportion of each type afalmulary in engineering texts? It is
still doubtful if the proportion is the same asidefl by Coxhead and Nation (2001).
And if technical vocabulary occurs in a higher prdn than academic vocabulary,
would the focus of vocabulary teaching shift tohtecal words? These questions
need answers from empirical studies of both frome #ngineering texts and
engineering students.

Currently, many teachers and researchers put rmmces on academic
vocabulary while only a few concentrate on techinwacabulary. Many applied
linguists focus on the teaching of academic voaatyusince this type of words has a
wider range of use or occurrence than technicahbolary in academic texts (Farrell,
1990; Nation, 2001; Nation and Coxhead, 2001; anadfslya, 2006). Coxhead
(2000) found that academic words occur in a widegeaof academic texts from
different fields and comprise 570 word families. fict, academic words do not
equally occur in different disciplines. Chung anatin (2003) found different
proportions of academic vocabulary in an appliedydistic textbook (8.6 % of

running words) and an anatomy textbook (17.4 % ursinmg words). Similarly,
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Hyland and Tse (2007) found that Coxhead’'s subcarpeontained different
proportions of academic words and that some acadewsrds are homographs
(words which can provide different meanings in ehéint contexts). Chung and
Nation (2003) also found in an anatomy textbook teehnical words made up higher
proportion than academic words. These findings lEadome questions “Can the
AWL or academic words by Coxhead be generalizedtiher academic areas?; Can
the list be practically used for all EAP classes®] Is academic vocabulary the main
focus of EAP vocabulary teaching?

Language teachers and researchers talk abouuthban of academic words
and suggest this group of words be taught in classno one talks about how many
academic words ESP/EAP learners have already l@doeéore coming to class.
Indeed, the students might have learned some acadecabulary before enrolling
in ESP class. Kornwipa Poonpon (2002) studied agligin book, Inside Out,
published by Macmillan Heinemann English Languagaching in 2000, which is
used for two general English courses for the fiest¥ science and technology
students at Khon Kaen University. She found thiast blook contains academic words
from up to 257 word families, with 1,307 occurresicieom the Academic Word List
by Coxhead (2000). This finding suggests that tB® Eearners who studied general
English withinside Out met almost half of the academic words from AWL.

There is no study showing that ESP students knowertechnical vocabulary
before enrolling in the language course. This cobk because most technical
vocabulary appears in texts in its specific fiefdl dardly occurs in general English.
In fact, many studies in ESP focus on academic lwdeay while not many studies

focus on technical vocabulary, and while a divdyedy of recommendations exist
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which are focused on the teaching academic wordsy Vew people suggest on
teaching technical vocabulary (Yang, 1986: Hyla2@02; and Liu and Nesi, 1999).
However, those who emphasize teaching academic butary have the
recommendations with only figures of occurrencacddemic vocabulary in general
study, but without any proof from empirical stud®sESP students. Only one study,
by Liu and Nesi (1999), was conducted to identfgrhers’ difficulties with technical
vocabulary compared with academic vocabulary. Tirestions are “Which type of
ESP vocabulary causes more problems/difficultiesstentific students? And what
are their needs with respect to vocabulary leaffiifidhese questions are in need of

research studies to provide answers.

2.5 Learner difficultieswith technical vocabulary

Technical vocabulary occurs in academic texts mith frequency (Yang,
1986; Liu and Nesi, 1999; and Nation, 2001) as wasllow frequency (Liu and Nesi,
1999). Learners need to know the words since tlaegy anost of the content in the
text. This group of words then needs to be taugang (1986: p. 93) states, “One of
the specific features of English for Science andahfelogy (EST) is the high
concentration of terms. Before a learner can haweetigal reading competence,
he/she must have acquired a certain number of tdaéechnical terms.
Scientific/technical terms should be part of thacteng of EST, especially at the
advanced level.” Yang's statements have provideddirect comment on the
difficulties of technical words. However, with aghi proportion of technical words,
they can cause difficulties for learners in sigrafit ways. Carter and McCarthy

(1991: p. 13) state, “The difficulty of a word messult, inter alia, from the relations
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it can be seen to contract with other words..., fitsrpolysemy, the associations it
creates,..., from the nature of contexts in whichsitencountered.” From these
statements, the difficulties of words come from toatext in which they occurs as
well as the relationship with other words. This mea word by itself and a group of
words can both provide some difficulties.

Technical words, which carry the content of thecdisse, occur with high
frequency in academic texts (Yang, 1986). Techniogabhbulary comprises indexical
words, general scientific words, and loan wordsnfroommon language (Wignell,
Martin and Eggins, 1993). In their study, Liu andsN(1999) found that technical
words provide more difficulties to non-native lears of English than do academic
words.

Scientific texts use numerous noun phrases. Thoge phrases might contain
some technical words which make the phrases temhnikhe technical words
themselves can provide some difficulties to leasndihe interpretation of a noun
phrase the meaning can be problematic, especiatty @@mpound nouns. Trimble
(1985) asserts that compounding is a natural psoaed it can provide problems for
most non-native students. Learners might be ableatalle a two-word compound
which may have technical meaning. They might hasarned how to analyze
compounds and translate them into their nativelagg. However, a great number of
compounds cannot be interpreted with the procedthieslearners have learned.
Trimble (1985: pp. 131-132) discusses some rulesufmlerstanding and producing
compounds. In fact, compound nouns are used athahd versions of:

1. Prepositional phrases: a differential time domajuation = the

time domairof a differential equation.
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2. String of prepositional phrases: momentum transfgreriments =
experiment®f the transfeof momentum.
3. Noun modified by relative clauses: automatic cdidroaction =
controller action which is automatic.
4. Noun modified by gerund phrases: a fluid bed reasta reactor
containing a fluid reactor.
5. Combinations of the above: an air pressure deviaalevicenvhich
signals the pressurd air; a quiescent state fluid bed reactor = a
reactor contaiimg a fluid bedwhich/that is in a state of quiescene.
These shorthand versions of noun phrases are cemegpecially with longer
compound nouns. As discussed above, compound rRoartategorized by length and
difficulty of paraphrasing. The complexity and dfflty of a compound noun,
therefore, depends on the number of words that oempt—the more words it
contains, the more difficult it will become (Tringy11985)

With the difficulties technical terms provide ouedto doubts whether they
provide difficulties or not, there have been soruglies focusing on identification of
technical terms (Tagliacozzo, 1975; Yang, 1986; damal Nesi, 1999; and Chung and
Nation, 2003) as well as tests of knowledge of nezdl vocabulary (Liu and Nesi,
1999). All of these studies found that scientifexts are comprised of a high
proportion of technical vocabulary, even higherntbat of academic vocabulary.
However, most language teachers put more focugaching academic vocabulary,
claiming that learners have fewer problems witthigcal words (Trimble, 1985) and
giving responsibility to teach technical vocabulémysubject teachers. This might be

because technical words involve subject contenthvis too difficult for language
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teachers to understand and that it has become \emient excuse for paying more
attention to academic vocabulary. Indeed, theres limen very few studies to prove
where the focus should lie, on technical or acadescabulary.

Thankfully, there is a study which directly focasen the proportion of
technical and academic vocabulary as well as lesirkeowledge of the two types of
vocabulary. Liu and Nesi (1999) identified techhiead sub-technical vocabulary
from texts used in a language course, tested thedrseas students’ receptive
knowledge of the identified technical and sub-techinvocabulary and found that
their students had more difficulties with technigatabulary. They admit that there
were some flaws with their study. Firstly, the tesis a checklist, a yes/no format, in
which the learners tell only whether they know tés&ted words or not. The scores did
not reflect the students’ ability to produce orenpret the tested word in an
appropriate context. Since the meaning of the wardsot involved, it is difficult to
tell whether the learners really know the words—ytheght have marked the words
known when they were only somewhat familiar witke thvords. Secondly, their
participants were overseas students who have sgperiences in reading academic
texts, so they know some academic words in a vadge of texts—the words which
undergraduate students might not know. The restdisnot be generalized to
undergraduate students. Also, technical texts wusdte study contain modules in
subfields, and they might present the participavita new items which they could
not have acquired by the end of the course or beloey were tested. With these
flaws in mind, Liu and Nesilfid.) suggest testing for a greater depth of knowlezfge
vocabulary of both technical and academic vocalgwdad conducting the test both at

the beginning and the end of the course of study.
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2.6 Vocabulary test

Read (2000: pp. 1-2) said “...vocabulary can be seem priority area in
language teaching, requiring tests to monitor #errlers’ progress in vocabulary
learning and to assess how adequate their vocgblkiewledge is to meet their
communication needs.” This notion clearly emphasibe importance of vocabulary
teaching, vocabulary knowledge, and vocabulary ssssent or measurement
according to learners’ needs for communication.abatary tests have been designed
and developed to measure learners’ knowledge chtudary. Why do we need to
measure this kind of knowledge? The answer coulthaiit is necessary to diagnose
how many words particular students know becausesite of vocabulary students
have or students’ vocabulary knowledge, is impdrfan language learning (Read,
1988). Alderson (2005) says that it is important feachers to know what their
language learners have learned and what theirdesameed to learn in order to help
them learn more as well as to determine what probléheir learners are facing in
language learning. There are some studies on vtgbknowledge with language
proficiency (see Marshall and Gilmour, 1993; LaufE397; Carrell, 1988; and Koda,

1989).

2.6.1 Vocabulary test formats

A variety of studies on vocabulary tests have bmmrducted and test formats
designed to test vocabulary knowledge of languagenkrs. There are five well-
known formats—Meara’s Yes/No Checklist (Liu and N&999), Vocabulary Levels
Test (Nation, 1983 and Read, 1988), Receptive Rdcahslation (Nurweni and

Read, 1999 and Nation, 2001), Word Association {@shmitt and McCarthy, 1997
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and Meara and Fitpatrick, 2000), and Interview T@airweni and Read, 1999)—
designed, developed and validated as reliable fool®sting vocabulary knowledge.
Checklist or Yes/ No Test is an easy and effective format mostly used ameement
test. Vocabulary Levels Test is a matching format used to measure learners’
vocabulary size—how many words the students krinanslation Test presents the
test takers with items in context. The test takevigles the meaning in their first
language. Translation can be used to test botlptigeeand productive knowledge of
vocabulary.Word Association Test presents a test item with a set of words. The test
takers tell a word from the set related to theitest. This test can be used to measure
both breadth and depth of their knowledge of votayulnterview Test is used to
test the depth of knowledge of vocabulary. The @sscof the interview starts from
word recognition, meaning and synonym provision progresses to the use of the
tested word. The interview test can be used toimlgi@ater knowledge of vocabulary

to supplement other vocabulary tests.

2.6.2 Test of technical and academic vocabulary knowledge

Liu and Nesi (1999) employed a yes/no format tst t¥lsc engineering
students on their knowledge of technical and suohrtigal vocabulary. The purpose
was to identify which type of vocabulary the studewere facing difficulties with.
They found that technical vocabulary should beoihiiced and reinforced in the class.
However, they admitted that the yes/ no or checkésmat was used to test only
receptive knowledge, and the results did not retreaktudents’ ability to produce or
interpret the two types of words in contexts. Thanes they recommended that words

in context be examined and taught in greater dejith regard to the knowledge of
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the learners. Though the yes/no format might preliable, valid and practical, it is

used most often to estimate learners’ vocabulagwkedge and place them in the
right class level. Nation (2001) argues that tes format is effective as a placement
test and helps save time, but teachers and resgarstill have some doubt whether it
can tell if the test takers really know the woréytlchecked as known since they do

not demonstrate any knowledge of meaning for teetewords.

2.7 Summary of theliteraturereview

Reading is a necessary skill, but many secondukzgeg readers have problems
with limited vocabulary and need to learn more \ndary. As learning new words is
essential, many studies focus on vocabulary. Vdeapuknowledge comprises
receptive, or passive, and productive, or activeyvledge. Receptive knowledge is
measured in breadth and productive in depth.rit¢eptive knowledge that is applied
most in reading, and vocabulary knowledge corrslatigh reading comprehension as
well as language proficiency. To date, multipleds#s on vocabulary have been
completed so far. Researchers classify vocabutaoylévels, types or categories with
similar criteria, such as frequency of occurrencd meaning exclusive to the field.
Whatever type of vocabulary is classified, words ba categorized into three major
groups, namely general, academic, and technicale@e and academic words are
classified with well-established criteria and corsertheir own lists. Technical
vocabulary is still problematic because the meamhg technical word depends on
its technicality—the way and the context in whidhis used. Like general and
academic words, technical words are identifiedHsirthigh frequency of occurrence

in the specific field or their meaning related te tfield. There are four common
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approaches used to identify technical vocabulagtirf§ Scale, technical dictionary,
clues provided in the text, and computer softwdexhnical vocabulary prevails in
scientific texts, and it can be a group or a muttikd unit as a noun phrase, which is a
complex group of words. Noun phrases are formddiinways, which are derivation
and compounding, and have two main structures—heaad with pre-modifier and
head noun with post-modifier. This study focuses mr-modified or complex
nominal groups as noun phrases. In EAP classdwitad and academic vocabularies
are taught as EAP students are expected to knowxaat percentage of general
vocabulary and prepared to learn academic wordsteatthical words respectively.
Academic words are given more attention from laiggui@achers for various reasons
while technical vocabulary is normally out of sightowever, some studies have
shown that proportion of technical words in somersdic texts is higher than that of
academic vocabulary. A study on the use of vocapulest reveals that language
learners have more problems with technical vocapulaan with academic words.
However, the test format used in the study hasrakweaknesses. The researchers
then suggested using other test formats in furthadies for more reliable results.
There are five major vocabulary test formats wiuah be used for different purposes.
The translation format can be used to measure beteptive and productive
knowledge by examining the way that the test taketgate or provide the meaning

of the test items in their mother tongue.



CHAPTER 3

RESEARCH DESIGN AND METHODS

3.1 The design of the study

The purposes of this study were to (1) identifggartions of words (Chung
and Nation (2003-2004) and complex noun phrasesad,\Y2986) from the electrical
engineering corpus, and (2) to test electrical megiing students’ knowledge of the
identified technical and academic words from thtesébooks (Liu and Nesi, 1999).
Therefore, this study was divided into two main g#s To answer the questions of
this study or research Questions 1, 2 and 3, d@h d@m the two phases were

analyzed and interpreted together.

3.1.1 Phase 1: Identification of words and complemxoun phrases

This phase applied quantitative methods (Cress@8l3; Burns, 1995 and
Salkind, 2006) and corpus linguistics (Biber, Cahamd Reppen, 1994; Bowker and
Pearson, 2002; Conrad, 1999; Hunstun, 2002; Kenr2B8; Partington, 1998; and
McEnery, Xiao and Tono, 2006) to identify the prdmm of technical vocabulary
(Chung and Nation, 2003) and academic vocabulaoxit€ad, 2000 and Farrell,
1990) in samples from electrical engineering corgduswork with the corpus in this
study, a computer, a software program, and speciiieria were utilized. Data

obtained from Phase 1 were used to answer res€arestion 1 as follows.
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(1) What proportion of the different types of words wiscin the electrical

engineering corpus?

3.1.2 Phase 2: Test of engineering students’ knadge of vocabulary

This phase applied quantitative methods and a widagbtest to measure the
students’ knowledge of technical and academic valeap (Liu and Nesi, 1999). Data
from Phase 2 answers research Questions 2 antbBoasgs.

(2) How well do the students know each type of vocatyui@mm the
electrical engineering corpus?
(3) How do the students’ study levels affect their kiexlge of

vocabulary?
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The scheme of the study can be summarized in aairags follows:

PHASE 1

A 4

Electrical Engineering Corpu

\"Z

y \ 4

Identification of Words

Identification of Complex Noun Phrases

A 4 A

General Technical Academic General Technical Academic
&
Function
Y
PHASE 2 » Word Selection

A 4

Writing up Vocabulary Test

A 4

A 4

Test of Knowledge of Technical andl | Proportions of Words and Phras
Academic Vocabulary (Words and
Noun Phrases)

Used in the Textbooks

D
(2]

A

Implications and Applications for
Teaching Vocabulary in ESP/EAP

Figure 3.1 Diagram of the Study Scheme
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The diagram shows that from two phases this stodgisted of seven main stages in
total, namely, (1) creation of the corpus, (2) tifezation of words and complex noun
phrases, (3) identification of general, technicad academic words, (4) identification
of general, technical and academic noun phrasesdlgction of words and noun
phrases for the vocabulary test, (6) writing up #oeabulary test, and (7) test of

students’ knowledge of the vocabulary.

3.2 Research methods

3.2.1 PHASE 1: Identification of words and complexioun phrases

The first phase of this study focused on iderdifmn and classification of
vocabulary from the electrical engineering corpuso i categories. This phase
discussed how the corpus was created, edited amdgwed and how the identified

words and terms were counted and presented withtiateeal formula.

3.2.1.1 The creation of the corpus

The selection of textbooks and the randomnes$his study aimed to
identify the proportions of vocabulary in electticangineering corpus that
undergraduate electrical engineering students ankfaen University are to study.
The whole population refered to all textbooks irs theld. It would provide better
findings if the whole population of electrical engering corpus were used and the
language analyzed. As it was impossible to dolsas,t”.. sampling is unavoidable”
(McEnery, Xiao and Tono, 2006: 13). In fact, thesere many textbooks in this field
found on shelves at Khon Kaen University libraryit B'om the preliminary survey,

only some textbooks were used. This means thasttieents and teachers prefer to
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use some of the books. Therefopeiyposive samplingvas applied, and samples of
textbooks were obtained from the regularly usedbt@oks and the recommendations
from electrical engineering lecturers from the Hgcof Engineering, Khon Kaen
University.

The corpus for this study contained approximafel®,000 tokens or
running words. The number of the running wordsha torpus was limited to this
number with three constraints: permission from phélisher, specialized language,
and manual analysis. It was difficult to get fullrprission to scan the whole book and
change it into a machine-readable form since tipgroght is protected. The publisher
allowed only some parts of the book to be scanméds study involved five books
from the same publisher, so it was even more ditficAlso, this study worked on
levels of vocabulary which were manually identifiedl large corpus would take a
very long time for data analysis. To create thguasrfor a study on language for a
specific purpose, Bowker and Pearson (2002) pdstulaat well-designed corpora
which comprise a number ranging from ten thousdndseveral hundred thousand
words in size have proved to be exceptionally usefuhis work, Farrell (1990)
analyzed a corpus of 20,000 words from English le€teonics. His findings have
provided relatively important contributions to cogpstudies and language pedagogies
as can be seen from Chung and Nation (2003), Waddation (2004), and Liu and
Nesi (1999). Therefore, the corpus in this studg waated from five textbooks in the
electrical engineering field. The books, recommendy electrical engineering
teachers, exemplify the four sub-fields of eleariengineering at Khon Kaen
University: Control Systems, Power Systems, Elettsy and Communications.

These books are assigned for KKU electrical engingestudents to study. One book
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was selected from each sub-field and an extra W@mwk the common course every
electrical engineering student has to study ascbasbwledge. In fact, there were
many more textbooks to be chosen. Only textboo&s fPearson Education were
selected and used for this study because this ghdsliprovided full permission to
scan the exact pages of the textbooks, while qibblishers did not. Therefore, five
textbooks from Pearson Education were includedhis $tudy (see appendix A, page
188).

From each selected textbook, samples were ranydomolsen to obtain
approximately 100 pages which consisted of appratehg 24,000 words each. The
total number of words in the corpus was approxifgae20,000. The random
processes were carried out with a software progralked ‘randomono’, a random
number generator created by a mathematician celéeabhe numbers obtained from
each book were the exact pages used in the resstrdh (see appendix B, page
189).

The permission from the publisher: It was necessary to scan the
random pages and change them into a machine-reaftabi. All the books used in
this study belong to Pearson Education, U.S.A dhtha@ copyrights are reserved. A
full permission from the publisher was granted ofdy the study (see appendix C,
page 191).

The change in archive into machine-readable formAll the random
pages were scanned and changed into text filestéiXte received from the scanned
page were checked to ensure that all the wordsinehdahe same as in the original
page before they were combined with other partsuitd up a corpus. This was to

confirm that texts in the corpus were not distofftedn the original texts.
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3.2.1.2 Instruments used in the study: Phase 1

1. Oxford WordSmith 4.0 (Scott, 2004-2006)

This tool is a software program used for dataatioe. It is an
integrated suite of programs for looking at how dgbehave in texts. It comprises
three major tools which are WordList, Concord, ately\Words. In this study, the
WordList tool was used to make a list of all theregfrom the corpus, and Concord
was used to select test items from the corpus.

2. The rating scale

The rating scale was developed by Chung and N##603-2004) to
identify technical vocabulary from an anatomy textk and a linguistics textbook.
The rating scale was used to identify technicalabodary in this study for three
reasons. Firstly, the other methods had more drekgbdhan the rating scale.
Secondly, the rating scale has been validated aodep to be more reliable than
other methods (Chung and Nation, 2004). Thirdlywéts easily accessible and not
complicated to use. The scale comprises four stgas) of which contains a specific
criterion, so there are a total of four criteria fdentifying technical vocabulary. The
principle used to design the scale was “The ratwayld depend on how closely
related the meaning of a word is to a particuldnjestt area, and the scale would range
from the least related meaning to the most” (Chaimgdy Nation, 2004). The scale used

in their study is illustrated as follows.
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Table 3.1The rating scale by Chung and Nation (2003-2004)

Step 1
Words such as function words that have a meaniaghas no particular relationship with the
field of anatomy, that is, words independent of Hubject matter. Examples arthe, is,
between, it, by, adjacent, amounts, common, conyneonhstantly, earlyandespecially.

Step 2

Words that have a meaning that is minimally relatedhe field of anatomy in that they

describe the positions, movement, or features@btidy. Examples arsuperior, part, forms
pairs, structures, surrounds, supports, associatatdfje, protects.

Step 3

Words that have a meaning that is closely reladetthé field of anatomy. They refer to parts,

structures, or functions of the body, such as #ggons of the body and systems of the bady.
Such words are also used in general language. Bhegswnay have some restrictions of usage
depending on the subject field. Examples ahest, trunk, neck, abdomen, ribs, breast, cage,
cavity, shoulder, girdle, skin, muscles, lungs, rheargans, liver, breathingWords in this
category may be technical terms in a specific filkd anatomy and yet may occur with the
same meaning in other fields and not be technézais in those fields.
Step 4

Words that have a meaning specific to the fielduwdtomy and are not likely to be known|in

general language. They refer to structures andtifume of the body. These words have clear

restrictions of usage depending on the subjectl.fiExamples arethorax, sternum, costal,

vertebrae, pectoral, fascia, trachea, mammary, gegum, hematopoietic, pectoralis

However, the scale needed to be adapted to ssisthdy. In a trial to
identify technical vocabulary from a sample of ab®990 words from an electrical
engineering textbook by an application of the asiale, there was an emergence of
problems. Some scientific words which are from gahsciences could not be put
into one of the four steps since they did not naest of the criteria from the scale.
Those scientific words were, for example, integtahetic, oxide, etc. They are
technical and used in scientific fields or othegieeering fields but are not included
in the field of electrical engineering. Based oa thiteria (Nation, 2001; and Chung

and Nation, 2003 and 2004) and the trial abovectheria for identifying technical
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vocabulary in electrical engineering corpus is atjd and divided into five main
groups as follow:

Table 3.2The rating scale adapted from Chung and Natior0§322004)

Group 1:
Words that are classified as function or grammébticads, including articles, demonstratives,
prepositions, question words, auxiliaries, modatsnouns, possessives, ordinals, cardinals,
conjunctives and some adverbs. These words arexéonple the, this, with, what, to, do, will

we, its, and, moreover, alwaymdwhile.

Group 2:
Content words including nouns, verbs, adjectivesl adverbs that are used both inside and
outside the field of electrical engineering with secialized meaning related to the field. They
are content words i.e. nouns, verbs, adjectived, aiverbs, for exampleondition, obtain,

reliable,andheavily.

Group 3:
Content words including nouns, verbs, adjectivesl adverbs that are used both inside and
outside the field of electrical engineering withanig related to words from Group 4 & Group

5. They describe the processes, functions, fegtpreperties, items, and materials. When they
are used in the context of electrical engineeririth words from Group 1 & Group 2, thejr

meaning is technical for examptjrrent, gateandfrequency.

Group 4:
Content words in general science or other engingdields, including nouns, verbs, adjectives,
and adverbs, which are related to the field ofteld engineering and words (forms) which
are not likely to be used in general language/qoncehey refer to scientific principles, items,
materials, units, properties, functions, processas] concepts. These words have clear

restrictions of usage within science. Examplesatoen, sineandthermal (agitation)

Group 5:
Content words including nouns, verbs, adjectivad, adverbs that provide specialized meaning
and are used mostly in the field of electrical eegring. This list of words includes materials
or items, apparatus, equipment, units, properied,functions closely related to electricity and
electrical engineering. Examples ageamp, amplifier, oscilloscope, volts, pulaed

amplification.

This scale has one additional group of words—Grapwhich

includes general scientific words from physics,rolstry, and mathematics and some
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other engineering fields. These words provide te@imrmeanings to their own field,
but are not exclusive to the field of electricabem®ering. These words are used in
electrical engineering texts as the electrical megiing field comprises several fields
of general sciences. This scale then becomes Ruttateria for identifying technical
vocabulary from electrical engineering texts.

The reliability of the scale was checked with éneter-raters who are
engineering teachers, one from Suranaree Univedditfechnology and two from
Khon Kaen University (Chung and Nation, 2003-2004) .check reliability, the three
inter-raters were trained to use the rating saedé Fifty words (ten from each of the
five groups identified by the researcher) were canly chosen to be used. The
researcher and the raters worked and discussethéondew to put the words, one by
one, into groups. The training session took ab@B@ minutes. After the training,
sixty randomly selected single words (12 from egdup) were given to the raters to
independently classify into groups. The consistesfaye scores from the three raters
was analyzed and compared with those from the refseiafor reliability.

3. The General Service List

The General Service List (GSL) by West (1953) wssduto identify
general words or high-frequency words from theteleas engineering corpus.

4. The Academic Word List

The Academic Word List (AWL) by Coxhead (2000) svased to
identify academic words from the electrical engnegcorpus.

5. Dictionary

A dictionary is important as the researcher dasknow every word

in the corpus, so he needs to consult a dictionarthis study, Dictionary.com from
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the websitehttp://dictionary.reference.con2007) was used. The researcher tried this

online dictionary by consulting with it on some gesl words which are used as
technical words and found that this dictionary wedfective as it provides both
general and technical meanings for entries. Asditsonary has been compiled from
seventeen dictionaries, it also provides precisamngs for the technical words.
Moreover, it is fast, convenient, and free.

6. The Criteria for identifying complex noun phrases

The criteria used to identify noun phrases irs thiesent study are
adapted from Yang’s (1986). Yang set up presupipositor criteria to identify multi-
word terms for his work entitled ‘A new technique fdentifying scientific/technical
terms and describing science texts’. Yang's pressipipns (1986: 100) are:

(1) Multi-word terms are mainly nominals;

(2) Multi-word terms cannot go across punctuation marks

(3) Verbs may be terms by themselves but no part ofuli-mord
term because of 1.;

(4) Adverbs may be part of multi-word term (e.g. ‘VERNgh
frequency’, ‘POSITIVELY charged ions’, but adverlber text
cohesion (e.g. ‘subsequently’, ‘naturally’, ‘usyalletc.) should be
excluded,

(5) No multi-word terms can end up with an adjectivadverb;

(6) S-endings should be removed for the purpose ofuéeqy
counting.

From these criteria, the criteria number (6)xsleded from this study

since noun phrases are compared with single waorderm of ‘types’ or inflected
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forms which include singular and plural. Thus, €nia (6) can distort the real
proportions of noun phrases against single wordpplied in this study.

7. The criteria for identifying general, technicaland academic

noun phrases

There are no established criteria for classifygogiplex noun phrases
into categories. The criteria for this study wehert formed by the use of the
principles of word formation discussed in 2.4.3tth& noun phrase is used and
treated as a word.” In the case that words in @odise can be identified and
classified into categories (function, general, techl and academic) with the rating
scale, this method should be applicable with compleun phrases. Therefore, the
criteria from the rating scale used to identify d®icould be adapted and applied as
criteria for classifying complex noun phrases.

Category 1 (non-technical noun phrases) was addptm Group 2 of
the rating scale from which words belonging to thisup are general or common
words plus academic words. Therefore, non-techmoah phrases included general
and academic noun phrases which were classifiednadtds with the AWL. Category
2 (technical noun phrases) is adjusted from Gr@ipf the rating scale from which
words belonging to these groups were counted dmitead vocabulary. The criteria

for classifying noun phrases into categories are:
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Table 3.3The criteria for classifying technical and nonkieical noun phrases

Category 1: Non-Technical Noun Phrases
Nominal groups as noun phrases which provide thiganing
not related to the fields of general science amgineering are
classified as non-technical noun phrases.

Category 2: Technical Noun Phrases
Nominal groups as noun phrases which provide thnganing
related to the fields of general science and emging are

classified as technical noun phrases. These pbtases refe

=

to scientific principles, items, materials, unitproperties,

functions, processes, and concepts.

For the reliability of these criteria, the intater reliability was
checked. This stage was done together with thahibty of rating scale. Twenty
noun phrases (10 technical and 10 non-technicailtifcerl by the researcher) were
randomly chosen to train the raters. Then, thitiyapes (15 technical and 15 non-
technical) were randomly selected for the ratergléssify independently (adapted
from Chung and Nation, 2003-2004). The consistena@jassifying was analyzed for

the reliability.

3.2.1.3 Identification of non-technical and technial noun phrases

Noun phrases were identified with the criteriayg, 1986) discussed
above. The identified noun phrases were then ékedsinto technical and non-
technical with the criteria adapted from the ratsggle as discussed #12.1.2and
academic noun phrases were identified as non-teehmoun phrases. The procedures

are:



67

(1) Identify and underline noun phrases in each linenfthe corpus.

(2) Copy the identified noun phrases to Microsoft Exald sort them
alphabetically. (The rest of the corpus is singteds and kept for single-
word analysis.)

(3) Count the number of words in the group for eachnnplrase and mark
the number of words (2, 3, 4.(words)). After finishing counting and
marking, sort the data according to these numberslassify the noun
phrases into groups.

(4) Count the frequency of each noun phrase and magkntimber in a
different column.

(5) Delete the repeated noun phrases and keep onlframeevery repeated
item and its number of frequency.

(6) Classify all the noun phrases into technical ana-technical.

(7) From identified non-technical noun phrases, acadamun phrases are
identified with the use of the Academic Word LiShe rest are counted as

general noun phrases.

3.2.1.4 Identification of technical words

After the noun phrases were identified and copeeicrosoft Excel
for further analysis, single words were kept andlyed. An initial analysis of the
single words in the corpus was undertaken by the afsa software program,
WordSmith 4.0, to make word lists in the first arste. After word lists were made,
each word from the lists was identified and pubiatspecific group with the use of

the rating scale. This stage consists of stepshndiie discussed as follows.
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1. The edition of the corpus and making the word &ts

The texts used in this study contain figures wmnhers, proper nouns,
abbreviations of proper or specific nouns and agosatand equation symbols. These
items are not desirable for the study. Therefoedoie the analysis begins, the corpus
was edited according to the purposes of the stadg dlock them from appearing on
the list. After the corpus was edited, the wortkslisere made.

2. Classification of words from the lists into spafic groups

Each word from the list was checked against theer@a from the
rating scale. According to the criteria, words whiall into Group 3, Group 4 and
Group 5 were classified as technical vocabularyrd&on Group 2 can be general
and academic words while words in Group 1 are @untgtion or grammatical words.
Therefore, only words in Group 3, Group 4 and Gréugre included in technical
vocabulary lists for data analysis in order to stigate a proportion of technical

vocabulary in electrical engineering corpus.

3.2.1.5 Identification of academic words

To identify academic words from the corpus, atires from Group 2

were checked against the AWL (Coxhead, 2000).

3.2.1.6 Identification of general words

General words from the corpus were identifiedrfrwords in Group 1

and 2 with the use of the GSL (West, 1953) to chegginst words from this group.
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3.2.1.7 Data analysis and presentation

The data obtained from identification of words atetms were
analyzed and presented to answer research Quektidnvo vocabulary levels—
single words and noun phrases—were classified @emntified from this corpus. After
noun phrases were identified and excluded fronctnpus, all individual words from
both noun phrases and the rest of the corpus wepaaately counted.

Single words are generally counted in tokens aning words, types,
lemmas and families (Nation, 200IJoken or running word means a unit of
counting words which every word form is counted aage token—the sentence
‘Compute the power for each element shown in tgar& contains 10 tokens. The
use of token in counting words is to answer thestjae ‘How many words are there
in the electrical engineering corpusiype refers to a unit of counting words with
different forms—the word ‘go’ and ‘going’ are coentas two types. The use of type
to count words helps to answer the questions ‘Hangd is the vocabulary of this
corpus?’ and ‘How many words do electrical engimeestudents need to know to
read this text?Lemma is a unit of counting words from the same parsspéech,
which includes a headword and its inflected andiced forms—the words ‘go’ and
‘going’ are counted as one lemma. Counting worddemmas helps to see the
learning burden of a word and its inflectional fernfor example, with the word
‘count’, learners who know the inflectional systemil have no problems with its
inflectional forms ‘counts’ ‘counted’ and ‘counting/Vhile a lemma includes only
derivational words from the same part of speechwprd family, regardless of their
part of speech, combines words from a base world igtaffixes and inflected and

derivational forms, regardless of their meaningwc8iaffixes such ady, -ness, un-
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are used with the base word systematically, thenieg burden is greatly reduced
when learners know its meaning (Nation, 2001).his study, a word is an isolated
lexical unit. To avoid some confusion with noun gdes, words were therefore
counted agexical unit tokens, lexical unit types andlexical unit lemmas

To compare proportion of words with that of noumgses, it was
necessary to count noun phrases in the same waypras. This can be done, as in
this study anoun phraseefers to a lexical unit with a unique meaninglass avord.
Therefore, words and noun phrases were then coastéekical tokens, lexical types
and lexical lemmad.exical unit token refers to a unit of counting individual word
and individual noun phrases—one word is a lexiokkEh and one noun phrase is a
lexical token.Lexical unit type means a unit of counting words and noun phrases
with different forms, for example, the wordsbtain and ‘obtaining are counted as
two lexical types and the phrasedtérnating voltageand ‘alternating voltagesare
counted as two lexical typelsexical unit lemma is a unit of counting the same part
of speech for words and the same noun phrase tegarof singular or plural forms.
For example, the wordsbtain’, ‘obtains’, ‘obtaining’ and‘obtained’ are counted as
one lexical lemma. For noun phrases, the same gdhike alternating voltageand
‘alternating voltagesare included as one lexical lemma. In this stuthe terms
lexical unit tokensandrunning words were used differently in the data presentation.
Running word was used to count every single word in the corpdmle lexical unit
token was used to count a word or a noun phrase ascalemit.

In this study, lexical units are presented mostlyokens, types and
running words. Lemma is not used as noun phrasdsdi@& only singular and plural

forms of nouns and inflect in relatively few casesile single words include verbal,
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adverbial and adjectival inflections. Also, wordmity is not used since it is
problematic to decide on a unit, and what shoulthbkided in a word family. Wang
and Nation (2004) and Hyland and Tse (2007) founddwamilies with homographs
in their studies —the same words are used witledifft meanings. Wang and Nation
(ibid.) confirm that using word families as a uoftcounting can cause problems with
homographs. They suggest that, by using types anumhs, “the amount of
homography would be less because different mearieigs to be represented by
different types.” Also Chung and Nation (2003) fduhat only one or two members
of a family were technical words. The worasalyze analytical andanalysis which
are from the same familgre used differently across fields with semantitedences
(Hyland and Tse, ibid.). Similarly, the wordi®quencyand frequentare used with
different meanings in electrical engineering teXisere are some other general words
which are used in this engineering field as tecinicords with semantic differences
when used in general text, for example, short, Imean, excited, contact, etc. With
this potential problem, only word types and lemraes used, but word family was
considered inappropriate and not involved in thislg.

1. Data from the whole corpus

The proportions of words and complex noun phrasae presented in
terms of lexical unit tokens, lexical unit typesdarunning words. The proportion of
text coverage was calculated as a percentage. @te ftbm this part answered
research Question 1.1.

1. % of lexical unit tokens
= (lexical unit tokenkx (100) /

Tlotal lexical unit tokens from the corpus
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2. % of lexical unit types
= (lexical unit typekx (100) /
Tlotal lexical unit types from the corpus
3. % of running words
= (running wordgrom single wordsr noun phrasesx (100) /
Tlotal running word from the corpls
2. Data from words
Data obtained from lists of words were presenteterms of lexical
unit tokens, lexical unit types, lexical unit lemsnand their percentage of text
coverage (Chun and Nation, 2003) to answer reséuelstion 1.2,
1. % of lexical unit tokens from general, technjcalacademic words
= (Lexical unit tokens frorgeneral, technical, or academic wojds
(100)/ (Total lexical tokens from single wopds
2. % of lexical unit types from general, technicalacademic words
= (Lexical unit types from general, technical, or aeadc word} x
(100)/ (Total lexical unit typefrom single wordg
3. % of running words from general, technical, caigemic words
= (Running words from general, technical, or acadewneds x (100)
/ (Total running wordgrom single words
3. Data from the complex noun phrases
Complex noun phrases were identified and classifito three groups:
general, technical and academic. Like single wotlisy were presented in terms of

lexical unit tokens, lexical unit types, lexicaliutemmas and running words. The
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proportion of noun phrases was calculated as aeptage to answer research
Question 1.3.
1. % of lexical unit tokens from each kind of ptea
= (lexical unit tokens from a kind of noun phrase
(100)/ (Total lexical unit tokenffom noun phrasgs
2. % of lexical unit types from each kind of nquirase
= (lexical unit types from a kind of noun phrage)
(100)/ (Total lexica unit typefom noun phrasgs
3. % of running words from each kind of noun plbkras
= (running words from a kind of noun phrase) x
(100)/ (Total running words from noun phrages
The percentage obtained from the calculations \mesdyzed, interpreted, presented

and discussed.

3.2.2 PHASE 2: Engineering students’ knowledge ebcabulary

This second phase of the study aimed to investitiad electrical engineering
students’ knowledge of technical and academic waeap. The purpose was to
identify which type of vocabulary caused more diifties for electrical engineering
students. This part discusses participants, relsaastruments, data collection, and

data analysis.

3.2.2.1 Participants

Engineering students choose their field of studiyen they are in the
second year. The Department of Electrical Engimgeraccepts around 95-100

students each year to study in this field. Theesfdhe population of the study
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included second, third, and fourth-year studentsclwnumbered approximately 280.
To get the samples, a consent letter asking fomission from the Faculty of
Engineering and the Department of Electrical Engiiimgy to conduct the study with
their students was sent since this issue is coregidethical when doing research
(Salkind, 2006: p. 59). Also, the students indiallijyreceived a consent letter.
Samples of 120 students for the study were valigptobtained from

the three study levels: 40 students from second y€afrom third year; and 40 from
fourth year. The purpose of using 40 students freath level is to obtain
representatives from the school of electrical eegiimg students—the group which is
just starting the field of study, the group whishin the middle of their study, and the
group which has almost finished their studies. Aldos would help explain how
knowledge of the field affects technical vocabulegrning as the students from each

group have different level of knowledge of theeld.

3.2.2.2 Research instruments

For testing the students’ knowledge of vocabyldhe translation
format test was utilized, to collect data to answesearch Questions 2 and 3. The
vocabulary test was administered to investigataneging students’ knowledge of
technical and academic words as well as technicahrphrases. In this study, the
diagnostic test (Nation, 2001) was used since than mpurpose was not to measure
the students’ vocabulary size, but to compare tkeawledge of vocabulary among

technical and academic words and technical nouasgist
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a. The use of the translation test in this study

As discussed above, there are five well-known teshats—yes/no,
Vocabulary Levels Test, translation, word assoomtiand interview—used by
researchers for different purposes. This study iegpthe translation format test
(Nurweni and Read, 1999) to measure the studentsiledge of vocabulary at the
form recognition and meaning level. The translatest format was selected and used

for the following reasons.

Translation or receptive recall translation (Natio2001) is an
assessment instrument of item recognition whicliireq learners to provide mother-
tongue equivalence (Nurweni and Read 1999, p.Hsw) the use of translation to test
word meaning is very efficient (Nation, 2001). Tiested item can be presented in
contexts or in isolation. Test takers are given aknfor providing mother-tongue
translation that expresses a correct meaning otetsted word. The use of the first
language in telling definitions to words is effistesince telling definitions in second
language needs more skills and could be problentatite test takers or the students.
The purpose of the test is to test knowledge of mmgaand not other skills.
Translation then fulfils the purpose effectively the students need only tell the
meaning in their L1. Moreover, scoring second laggu definitions could be
problematic because some words are difficult tongednd it could be even worse if
the students have low ability in L2. In this caseidents might know the word, but
they do not know how to explain the meaning inthe&d. They might be able to
provide the definition but not in a straight-fordamanner. With this problem,

translation is more direct and relevant. Also, $tation can be used to measure both
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receptive and productive vocabulary knowledge. Moeabulary test format of
translation used by Nurweni and Read (1999) i®bews. (Nation, 2001)
Translate the underlined words into your first |alage
1. You can see how the town has developed
2. | cannot say much about his character
3. Her_ideds a very good one.
(Nation, 2001: p. 345)

The translation format was chosen and used ingitather test types
for the study for several reasons. First, the yestest measures merely the
recognition of form—students do not need to tell areaning of a word. How do we
know if the students really know the meaning of therd marked known? The
student might have seen a word frequently and Isatyhte knows that word, but it
doesn’t mean that he really knows the meaning. sthdent might overestimate his
knowledge by marking some words familiar for whidhdoes not know the meaning.
Though some researchers put occasional imaginargsmoto the test to help the
calculation and reduction of “mistakes” made by stiedents, it is still doubted by
some researchers whether it really works.

Second, the Vocabulary Levels Test is in the fofra multiple choice
and matching format. The choices are provided enttrget language, in this case
English, which might cause problems for the stuslerihey might know the words
but not know the meaning of the choices. They magly some test strategies in
order to complete the test. In this case, thewesid not measure the true knowledge

of the students. As the test has been validated tvé use of the target language, the
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use of L1 for the choices could be an alternatog,it might affect the result scores.
The Vocabulary Levels Test is then not selected.

Third, both the word association and the interviests are used to
measure the depth of knowledge of vocabulary. Bhigly aims to compare the
knowledge of technical and academic vocabulary@adith. In fact, the interview test
can be used to measure both breadth and deptloafidaige, but it is time consuming
and cannot be conducted with a big group of stideltactically, the interview
format is used to follow up the other test typesstiudy the students’ knowledge of
vocabulary in greater depth.

Fourth, some technical words are from general Wistd. To test the
students on the technical words, the tested itemosd needs to be presented within
the context so that its meaning is confined to ¢batext and not confused with
something else outside the context. Read (200() xplains that there are two
contrasting perspectives on the role of vocabuiaryanguage assessment. One
perspective is that it is sensibly acceptable teigihetests to diagnose how well
students know a set of words as context-independeit$. The other one is that
vocabulary must be measured in its surroundingestrtf a language-use task. From
the previous discussion of test formats—Yes/No ,T&&icabulary Levels Test,
Translation, Word Association, and Interview—molsth@m present the test items in
isolation, except translation. Read (2000: p. 98)ssthat there is a weak point with
testing vocabulary in isolation. That is, a worah ¢eave more than one meaning and
be used as more than one part of speech. Natidii)20gues that sentence context
affect test scores and, with sentence contextts t&m measure things other than

vocabulary knowledge. For instance, the test takamsuse some test strategies like
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substitution within the context sentence to elienthe distractors from multiple-
choices. Anyhow, sentence contexts can be used swithe test formats such as
receptive recall translation, and multiple-choieeagnition tests (Natiormbid.).

Lastly, translation was considered appropriaténia ways. First, the
students do not have difficulties with their L1 whgiving meaning in their own
language. They only give the meaning of the tested! in Thai. This conforms well
to the purpose of the study—testing how well theyw technical and academic
vocabulary. Second, the researcher is a Thai teashdenglish, so he has no
difficulties with the Thai language when markingan& examples of the translation
format test used for this study are shown below.

Translate the underlined words into your first lalage.
1. A current-controlled voltage source

2. The_currenthrough a particular circuit element

3. It is possible to write node-voltage equations

b. Test items

The items for the test were taken from the cor@ug] they were
presented with their real context from the textha corpus. Each item might not be
presented in a full sentence, but it was accompabjea few words to confine its
meaning. The use of a few words for the context iwgwevent the use of context for
guessing the meaning and to avoid testing skiliemothan knowledge of vocabulary.
Moreover, the context presented with the word wgseeted to help in a students’
recall of meaning and a confinement of meaningesiuiv the context.

The study aimed to test knowledge of technical academic words

and technical noun phrases. Therefore, the tedhio@a three types of items/words
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e.g. technical words, academic words and technimah phrases. All the items in the
test were all nouns selected from the top frequdrmy the lists of academic and
technical words as well as noun phrases in Phas@/drds and phrases with high-
frequency were used in the test since they are &mlsvand are mainly used to
express meaning of the text. Also, the students haore chance to meet these words
and need to know them for comprehension. Probleitts wiords and phrases with
high-frequency would be an indication of the difliy in understanding the texts.
From each type of units/words, 30 lexical unitsevelnosen from the top frequency of
each lost and used in the test for its reliabilXjation (2001) states that a reliable
vocabulary test contains around 30 items as a niminin total, the test contained 90
items.

c. Criteria for marking

To mark the responses or answers from the testast necessary for
the researcher as a marker to fully know the mepafrevery item. All tested items
were translated into Thai with the use of the ditdiry as possible answers for the
answer keys. Before using them for marking the, talit of the meanings were
rechecked by three electrical engineering teadioemsake sure all the meanings were
correct and suitable as the answer keys.

It is impossible for the students to give the eotranswers exactly the
same as the ones from the answer keys. Markingbeasubjective and problematic,
so criteria for marking were needed. When Nurwemd &read (1988) applied

translation to test Indonesian students they hadtiteria saying:

“The test-takers were awarded a mark for providing

an Indonesian word that expressed a possible ngaiithe
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target English word, even if it was not the mearihmag fitted
the sentence in the test item. In addition, th@hesian word
did not need to belong to the same word classeag&tiglish

one.” (p. 164)

According to Nurweni and Read, the criteria for kiag focused on any aspect of
meaning of the target word, regardless of the jpleicontext and the word class of
the L1 meaning. With these criteria, Nurweni ancédR@bid.) measured the students’
knowledge of vocabulary in general in a broad sengkea given type of vocabulary.
Therefore, it is understandable why the answeh@mnteaning that fit the test item but
did not fit the sentence was awarded a score simegiven context was not used to
confine the meaning of the tested item. The ansvesrthen marked either 1 or O.

Anyhow, in the case of measuring a specific tgpeocabulary like
technical words, a presence of context is consitleegessary as a provision for recall
and a confinement of meaning, so the meaning gigea word must fit both the
tested item and its context as to be marked coridutrefore, in this study, the
meaning given to a tested item by the student wasded one point with the criteria
below.

1. The Thai word expresses a possible meaning of ested
word; the meaning must fit or relate to the prodidmntext;
and the Thai word does not need to belong to theesaord
class as the English one; and

2. Another method e.g. synonym, picture, graphic, estaint,
symbol, explanation, loan word, etc. expresses ssipke

meaning of the target word and fits the context.
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From the criteria, ‘possible meaning’ and ‘fittinthe context’ are the key
considerations in marking and scoring the test. dim@wver or the meaning provided
by the students was marked only 1 or 0. In the tasethe answer was not clear or
still doubtful, a follow-up interview was conductedlividually with the student who
gave the answer.

d. Piloting the test

There might be some factors that affect languagescores and cause
the test scores to vary from individual to indivadluBachman (1990) postulates that it
is necessary for the test developers to identiBseéhfactors if they would like to
estimate how reliable the test scores are. The designers need to reduce the
measurement errors or unreliability to maximizdatality in order to ensure the
consistency of measurement. Therefore, the test pilaged with 45 fourth-year
students (1) to check its reliability, (2) to fimait the average time to complete the

test, and (3) to identify problems with the teghiére were any before the real use.

3.2.2.3 Data collection

The same test was administered to the three grofisubjects: 35
second-year, 34 third-year, and 35 fourth-yearesttglat the date and time agreed on
the students. To complete the test, the studeats allowed 60 minutes for their
translation responses. Nurweni and Read (1999vatlcone minute for their subjects
to translate two (single) words. This test contad@swords (30 technical and 30
academic words) and 30 technical noun phrases5 soidutes would be sufficient to

complete the test.
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3.2.2.4 Analysis of scores from the test

Numeric data need a statistical formula for thalgsis, and numerical

analyses of scores from the vocabulary test indhidy apply the software SPSS for

Windows, which provides a variety of statisticatnfmla for social science research.

This phase of the study aimed to find out the clifies with technical words,

academic words, and technical noun phrases, toan®gearch Questions 2 and 3.

The three groups of participants were tested onleoTo find the difficulties with

the different types of vocabulary, comparisons weeagried out using one-way

analysis of variance (ANOVA).

below:

The statistic formula was used depending on #search questions

(2) How well do the students know each type of vocatyui@mm the
electrical engineering corpus?

(2.1) Which type of vocabulary between technical and anad
words do the students know more?

(2.2) Which type of vocabulary between technical wordg an
technical noun phrases do the electrical engingestimdents
know more?

(3) How do the students’ study levels affect their kiexlge of
vocabulary?

a. Research Question 2.1-2.2: A comparison among &ennscores

from three types of vocabulary (technical wordsadenic words

and technical noun phrases) was conducted, so AN@¥# used
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(Types of vocabulary = independent variables; m&zores from
each type of vocabulary = dependent variables).

b. Research Question 3: A comparison among the meaessfrom
the three groups of the students (second yead yieiar and fourth
year) was conducted, so ANOVA was used (Year oflysta
independent variables; mean scores from each yegroup =

dependent variables).

3.3 The research tools and their reliability

The research tools used in this study were pildtedheck their reliability.

The processes to check reliability of these toodstscussed as follows.

3.3.1 The trial of the rating scale used for cladyiing single words

As discussed in the former section, the ratindesaaged in this study was
adapted from Chung and Nation (2003-2004) and dtedkr reliability by three
experts in the electrical engineering field. Alleththree experts, two associate
professors from KKU and one associate professon f&JT, have got their PhD in
electrical engineering from overseas. This meaas #fi of them are proficient in
English, have got involved with studying electrieagineering textbooks written in
English, and become qualified as electrical engingeexperts, to check the
reliability of the rating scale. The reliability dhe rating scale for each of the

processes of the trial is discussed below.
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3.3.1.1 The training for the raters

To have the three experts check the reliabifitshe rating scale, it was
essential to train them how to use the scale andriteria. The material for training
was produced from the random words from each gafupords identified by the
researcher (see appendix D, page 193).

The training in this study was conducted thregefi according to the
availability of the raters. It started with an exphtion of the purposes of the study
and the purposes of the scale. The criteria warengdior the raters to study until they
understood all of them. This process took aroundneutes. Then, the rater and the
researcher did an exercise with 50 words shufftegether (see appendix D, page
194), rating all the words with number 1 to 5 (fuaction word, 2 = general (content)
word, 3 = general word used as technical word, gcientific/technical word from
other fields, and 5 = technical word from the aieat engineering field). This
process helped the rater to become familiar wighube of the scale and enabled him
to use it independently. This exercise took abeuntrinutes. After this process, the
rater was allowed ten minutes to work with 60 othverds independently, and the
scores from this part were used to calculate thabibty of the Rating Scale. All

together, training and checking took around 30 neiswu

3.3.1.2 The inter-rater reliability of the rating scale

The rating scale used by Chung and Nation (2@IB+2had four steps
and was checked for reliability by the use of aatelity accuracy score, to estimate
the degree of agreement between the researchaddisreand the rater’s. In their

study, only one inter-rater was involved and tleens were rated in four groups. The
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reliability of the scale, therefore, depended om tpersons only. The criteria for
acceptable inter-rater reliability by Rosenthal§Zpis a raw accuracy score of 0.7.
Their rating scale received 0.95, which is muchhlighan the determined criteria.

Though the rating scale for this study was adhftem Chung and
Nation (2003-2004), it is different in that thisudy involved 3 inter-raters and the
items were rated in 5 groups. As there were moter-raters and more steps, the
reliability of the rating scale depends on the ¢steacy of the scores from the raters
as well as from the researcher. The reliabilitythed rating scale for this study was
carried out in a very simple way. To obtain thesistency, the scores from each item
rated by the three raters were first comparedrtd & consistent number. The scores
were deemed consistent if all the raters gave dheesnumber or at least two of them
did. To check the reliability, the number rated thg researcher was then checked
against the consistent score by the experts. I$istent, the consistency score is 1. If
not, the score becomes 0. (The score ‘1’ meanghbkatsearcher classified the word
into the right group, while the score ‘0’ meanstttiee researcher might classify the
word into the wrong group or that the raters hated the word inconsistently.) This
means that the consistency score is obtained fioeetout of four or from the
unanimity of the researcher and the raters.

The score results from the three raters are shiowihable 3.4 as

follows.
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Raters

Words

Researcher

Rater 1

Rater 2 Rater 3 Consistency

. AMPLIFIER
AND

. ARMATURE
AS

ATOM

. BANDWIDTH
BAR

. BASE

. BINARY

10. BIT

11. BY

12. CALLED

13. CAPACITOR
14. CONDUCTOR

15.
CORRELATION

16. CURVE

17. DIODE

18. ELECTRON
19. EQUAL

20. EQUATION
21. EQUILIBRIUM
22. EXCITATION
23. FIGURE

24. FIND

25. FREQUENCY
26. FROM

27. GENERATOR
28. GIVEN
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Table 3.4 (Cont.)Inter-rater reliability of the rating scale: wordlassified into Groups

Raters

Words

Researcher

Rater 1

Rater 2 Rater 3 Consistency

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
S7.

HARMONICS
HAVE

IF
INDUCTANCE
INERTIA
LINEAR
MACHINE
MEANS
MULTIPLYING
NOT

OF

ON

ONLY

OXIDE

POLE
RESISTOR
SAME
SECONDARY
SHORT
SIGNAL
SQUARE
SUBSTRATE
SWITCH
TABLE
TERMINAL
THAT

THIS

TO

TORQUE

g L P P W0 W Ww s b O W WwN OO WwWP>AADNPEPEEFEPDNMNPDPODNDP>P>DOPFR P W

A P P P ODNOT WO B ODNDNDDNDOOOOWDNEPPFPEFEPDNMNMNDNDOPSMDd OO PFP EFER O
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O P NN W W w & >0 W WEFLE >~MOOS~ADNMNPPP >~ WOSDPSOOOOOPEFE = O

O r P PR ORFRPRPRREPPOPFPRRPRRPRORPRRPRPRPRPLOPRPR OOHRPRRLRPRPLBRLPELO
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Table 3.4 (Cont.) Inter-rater reliability of the rating scale: word$assified into

Groups
Raters Researcher Rater1 Rater2 Rater3 Consistency
Words
58. TWO 2 2 2 2 1
59. VALUE 2 3 2 2 1
60. WITH 1 1 1 1 1
Total scores 48
48 + 60 =

Reliability 0.8 or 80%

According to Table 3.4 the total number of cotesit scores is 48 out
of 60 and the reliability is 0.8 or 80 %. This meahat 80 % of the words were
correctly classified into the right groups accoglio the rating scale.

Interestingly, reliability is higher if the purpes of the study and the
classifications of the vocabulary into categorieghis study are considered. Virtually,
five groups of words in the rating scale are cfessiinto three main categories—
Group 1 is classified as function words, Group g@eseral words (including academic
words), and Groups 3-5 are technical words. Thuth) these classifications, the
scores from items 7, 16, 18, 29, 43, and 57 in @& could be reconsidered and
counted consistent since the raters and the rdszarated them as type 3-5 which
refer to technical words. Therefore, the total ¢stescy scores become 54 (48+6) and

the reliability is 90 %. See Table 3.5 below.
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Raters

Words

Researcher

Rater 1

Rater 2 Rater 3 Consistency

. AMPLIFIER
AND

. ARMATURE
AS

ATOM

. BANDWIDTH
BAR

. BASE

. BINARY

10. BIT

11. BY

12. CALLED

13. CAPACITOR
14. CONDUCTOR

15.
CORRELATION

16. CURVE

17. DIODE

18. ELECTRON
19. EQUAL

20. EQUATION
21. EQUILIBRIUM
22. EXCITATION
23. FIGURE

24. FIND

25. FREQUENCY
26. FROM

27. GENERATOR
28. GIVEN
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Table 3.5 (Cont.)Inter-rater reliability of the rating scale: wordsssified into types

Raters Researcher Rater1 Rater2 Rater3 Consistency

Words

29. HARMONICS
30. HAVE

31. IF

32. INDUCTANCE
33. INERTIA

34. LINEAR

35. MACHINE

36. MEANS

37. MULTIPLYING
38. NOT

39. OF

40. ON

41. ONLY

42. OXIDE

43. POLE

44. RESISTOR
45. SAME

46. SECONDARY
47. SHORT

48. SIGNAL

49. SQUARE

50. SUBSTRATE
51. SWITCH

52. TABLE

53. TERMINAL
54. THAT

55. THIS

56.TO

P R P W WwWwWw A DNOOWWNOWRADNRERRNDAONMDMDNDOOOR PR ®
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P NN W w w s~ PO wwk,r oo ANMNPEFEF R RO OO B~ OO0 O
P P P P O R R R P ORRERERPRPRIRIRIROPRPROOIRIRIRRR PR




91

Table 3.5 (Cont.)Inter-rater reliability of the rating scale: wordsssified into types

Raters Researcher Rater1 Rater2 Rater3 Consistency
Words
57. TORQUE 5 4 4 5 1
58. TWO 2 2 2 2 1
59. VALUE 2 3 2 2 1
60. WITH 1 1 1 1 1
Total scores 54
54 +60 =

Reliability 0.9 or 90%

In conclusion, the inter-rater reliability of thating scale is 0.8 or 80 %
according to the classification into groups (1#®)the scale, and it is 0.9 or 90 %
according to the classification as vocabulary tyffesction, general, and technical).
These two figures are higher than the acceptalile\(@.7) Chung and Nation (2003)
used in their study. Therefore, the Rating Scala sssearch tool with a reliability of

0.8 and 0.9 can be used for this research study.

3.3.2 The trial of the criteria for classifying nown phrases

Like the rating scale, the criteria used to clgssioun phrases into non-
technical and technical were piloted with threeeiin the electrical engineering
field to check their reliability, the same lectiwerho checked the reliability of the
rating scale. The material for training and chegkthe reliability can be seen in

appendix E, page 196).
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3.3.2.1 The training for the raters

The training started with an explanation of theposes of the study
and of the criteria to help the raters become familith the terms, both technical and
non-technical. This process took around 3-5 minuAder the rater understood the
criteria, the rater, together with the researctvent through an exercise (see appendix
E, pages 197), rating the given noun phrases witm@n-technical and 2 = technical.
This exercise took around 5 minutes. After the eiserwas completed, the rater was
allowed to classify noun phrases independently V@th other noun phrases (see
appendix E, page 198). This process took aboutribites. The scores from this part
were used to find the inter-rater reliability oktlriteria. Similar to the rating scale,

the training was conducted three times accordirtbegavailability of the experts.

3.3.2.2 The inter-rater reliability of the criteria

The scores from the three raters were shown bleTa.6 below. The
inter-rater reliability of the criteria for clasgihg non-technical and technical noun
phrases depends on the consistency of the scoves the raters and from the

researcher, similar to that of the rating scalesfngle words.
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Table 3.6 The inter-rater reliability of the criteria used fdassifying non-technical

and technical noun phrases

Raters

Noun Phrases

Researcher
Consistency

Rater 1
Rater 2
Rater 3

. accepted tests 1
. active power 2

. average duck

=
'_\OI—‘ [EE

1
2
. apparent power 2 2
1
. basic characteristics 1 1
. color image 1 1

. combined action

. conduction band 2 2

© 00 N O 0o A WO DN P

. discrete components 1 1

=

o

N N
NI\JI\J = N

. equivalent circuit

[EEY
[EEY
[EY
=

. first stage

[EEN
N

. general purpose applications 1 1 1 1 1

[EEN
w

. induction motor

=
~

. input signal

[EEN
a1

. line current

[EEN
[o2]

. magnetic field

[EEN
\l

. major problem

[EEN
oo

. minimum weight

[EEN
O

. opposite direction

I\.)|_,‘Id|—\I\'.$I\JI\)I\>
I\)l_\lé|_\l\.)l\.>l\)r\)
I\)|_\I4|—wsl\)f\)l\.)l\3
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N
o

. phasor diagram

N
[y

. power quality 1

N

N
[ERN
N
N
o

. second stage

N

w
[ERN
=
[ —
=

. secondary voltage 2 2 2 2 1
. Straight line 1 1 1 1 1

N DN
(€2 N SN

. synchronous generators 2 2 2 2 1

N
»

. terminal voltage 2 2 2 2 1
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Table 3.6 (Cont.)The inter-rater reliability of the criteria used fdassifying non-

technical and technical noun phrases

Raters
> 5
£ 5
T — N ™ 5
Noun Phrases @ 3 3 3 ]
o) < < < o
04 o 04 o O
27. time delay 1 2 2 2 0
28. transition region 2 2 2 2 1
29. transmitted signal 2 2 2 2 1
30. voltage gain 2 2 2 2 1
Total Scores 25
25+30=
0.8333

or
Reliability 83.33%

According to Table 3.6, the total number of cetesit scores is 25 out
of 30 and the reliability of the criteria is 0.88883.33 %. This means that the criteria

used for classifying non-technical and technicaimphrases is reliable and can be

used for this research study.

3.3.3 The trial of the vocabulary test

The translation test was designed with 90 itemiecssd from the top
frequency from the lists obtained from the corpsese(appendix F, page 199 and
appendix G, page 206). All of these items are nainse subjects’ knowledge of
technical and academic words are compared witht km@wledge of technical noun
phrases. Thus, the test contains 30 nouns fromnieahwords, 30 nouns from

academic words, and 30 technical noun phrasesadt piloted with 45 fourth-year
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electrical engineering students at Suranaree Usityeof Technology to find its
reliability before it was used with the participsurdf the study. Additionally, to get
more information for the reliability, ten studemtst of 45 were interviewed for some

problematic items from the test results and scores.

3.3.3.1 The criteria for marking answers from the ést

The translations given by the students were clieakainst the answer
keys which were rechecked by three electrical exgging teachers. The answers
were scored 1 and 0 only. The answer which wagcbar partly correct was marked
1, but the one which was totally incorrect or noswered was marked 0. Some
examples are displayed in Appendix H (page 213).

Marking was done two times in two weeks to rechetlether the
marker made any mistakes with any items and tlweiresresults. After the first time,

the scores were left for a week before the secomel t

3.3.3.2 The findings from the test

To check the internal consistency measure of tdst¢ or the test
reliability, the result scores were processed Wit SPSS 13.0 for Windows and
Alpha Coefficient or Cronbach’s alpha)(was utilized. Cronbach’s alpha is the most
common internal consistency measure, calculateth ftbe pairwise correlations
between items. The alpha coefficient can range @dd@-1.00 but aw of 0.6-0.7 is
commonly acceptable as a rule of thumb to showdhiaist is consistent or reliable,
and 0.8 or higher indicates good reliability (Coati 1993). The alpha coefficient can

be interpreted as the percent of consistent cabieivariance in the scores on a test.
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For example, the alpha value of 0.7 is then int#gat as 70 % consistent or reliable
(Brown, 2005 and Fraenkel and Wallen, 1993).

In this study, the reliability estimate is baswda 45-student sample
and result scores from 90 items from the test.résalt from the SPSS shows that the
alpha coefficient is 0.926, from which the test c@ninterpreted as 92.6 % reliable.
Compared with the rule of thumb (0.6-0.7), thisufig is higher, and higher than 0.8
(good reliability). This means that the translati@st with an alpha coefficient of

0.926 is a good research tool for this study.

3.3.3.3 The findings from the interview

The findings from the pilot of the test show tisaime answers from
the students are still doubtful. Only twenty outfofty five students gave the right
answer to the word ‘equation’ and seventeen otlh@fwhole group gave the correct
answer to the word ‘equivalent circuits’. There aoene more words to which a few
students gave correct answers, e.g. reactive povegicepts, section, transmitted
signal, terminal voltage, generated voltages, veceierminals and amplifier. These
words occur with high frequency in electrical eregring texts and electrical
engineering students need them in order to undetdtee texts. The doubtfulness lies
on the following questions. If the students doealty know these words, how can
they understand electrical engineering textbooke? tAe test items problematic to
the students? Is the test reliable?

Therefore, the findings from the pilot neededorechecked by the
use of an interview. To do this, ten students wanelomly selected for the interview,

and ten items with incorrect answers from each esttisl test were selected. The
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interviewees were asked to give meaning to thectslevords again. Some follow-up
guestions were used to get more information froeniberviewee. The interview was
conducted in Thai. The information from each intenwee was recorded, transcribed
and translated into English.

The results from the interview were used as alication for the test
reliability. If the findings from the interview a@nsistent with the findings from the
test, the test has high reliability. In contraéthie two findings are inconsistent, the
test must be revised. The interview questions hadranscriptions from the interview
are shown in Table 3.7 and Table 3.8 as follows.

Table 3.7The interview questions

Giens

1. Look at these words one by one. (Show the studemtwords they gave
incorrect answer.)
1.1.Which one do you know?
1.2.(If yes) What does it mean in Thai?
1.3.(If no) Have you ever seen it before? (If yes) Wion't you pay
attention to its meaning?
1.4.(If yes with the incorrect answer) Why couldn’t ygive its meaning
during the test the other day?
2. Which word is used more as a loan word or as a ptenunciation of an
English word?
2.1.Are you familiar with its Thai meaning?
2.2.Can you explain it?
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Table 3.8Findings from the interview

Student Scores Question 1 Question 2
(consistent answers)

1 Student 1 gave He said “l have He said, fine-to-neutral
consistent seen all the words voltages, armature, stator
answers for 18  here; | was not windings, analysis, secondary
tested items. This confident with the voltage, requirements, input
time he gave meaning at first and signals, amplifier, coil,
correct answers | skipped them and terminals, line current, errors,
for the items forgot to give their line, terminal voltage,
‘armaturé and meaning.” generators, output voltagand
‘terminal equationcan be used as loan
voltage. words.” He continued, “When

we discuss among friends we
use English words instead of
using Thai meanings though we
know them.”

2 Student 2 gave  He said “l have He said, power factor,
consistent seen all the words electrons, regions, line, errors,
answers for 17  here; | was not flux, resistance, coil, amplifier,
tested items. This confident with their secondary voltage, analysis,
time he gave meaning at first and capacitance, windingsnd
correct answers | saw my friends  impedancécan be used as loan
for the items submitting the test, words. He added “as they are
‘terminal voltage, so I then finished in used as English words or loan
line andcoil. a big hurry.” words, frequently we cannot

recognize their Thai meaning
sometimes.”

3 Student 3 gave She said “l have  She said, “most of the words

consistent
answers for 19
tested items.

seen all the words here are used as loan words and
here; | just this makes me confused with
temporarily forgot their Thai meaning sometimes.”
the meaning of the

word “reactive

power the other

day.”
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4 Student 4 gave
consistent
answers for 18
tested items.

She said “I have
seen all the words
here; Last time |
was not confident
with the meanings
of the words
‘gates and flux’,
so | just skipped
and forgot them.

She pointed out,ifnpedance,
cycle, gates, secondary voltage,
flux, errorsandoutput voltage
are normally used as loan words
in class and discussion.” She
added “I don’t know many
words, but, in reading,
equations and figures are more
important than the Thai
meanings of these words.”

5 Student 5 gave
consistent
answers for 17
tested items.

She said, “I have
seen all the words
here; Last time |
could not give the
Thai meaning to
the words ‘gates’,
‘coil’ and

She said, &rmature, gates,
synchronous generators, line
current, fluxandoutput voltage
are frequently used as loan
words.” She added “The
teachers use them as loan words
in class and so do we in.

‘terminal’ because | discussion among friends

was not sure, so |
was not confident
to write down the
meaning.”

6 Student 6 gave
consistent
answers for 17
tested items.

He said, “I have
seen all the words
here; | could not
recognize the
meaning of
eqguation, torque
andresistancdast
time, but | thought
| didn’t know them,
so | just skipped
them.”

He said, phasor diagram, load,
source, output voltage,
transformer, systems line,
torque, errors, amplifieand
statorare frequently used as
loan words.”
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Table 3.8 (Cont.)Findings from the interview

7

Student 7 gave
consistent
answers for 15
tested items.

He said, “l have He pointed out, ¢oncepts,
seen all the words section, line, converter,
here; | got confusedwindingsandline-to-neutral
with the meaning  voltagesare normally used as
of the words loan words in class, so it is
‘generated voltage difficult to recognize their Thai
and terminals; | meanings sometimes.”
was not confident

with the word

‘convertet though

| know its meaning;

for the word

‘capacitancg |

confused it with the

word ‘capacitor; |

know the word

‘line-to-neutral-

voltage§ but it is

difficult for me to

give its Thai

meaning or to

explain it in Thai; |

know the word

‘portion’ but

mostly we use the

word ‘ratio’ much

more.”

8

Student 8 gave
the consistent
answers forl8
tested items. On
the test, he gave
the right answer
for the word
‘magnetic field
but he could not
recognize its
meaning in the
interview.

He said, “I have He said, fmpedance, armature,
seen all the words stator, windings, ratio, flux,
here. Last time | errors,andline are used as loan
could not recognize words in class and discussion.”
the meaning of the

word ‘secondary

voltage; for the

word ‘magnetic

field’. | think |

know it but cannot

think of its

meaning Nnow.
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Table 3.8 (Cont.)Findings from the interview

9 Student 9 gave He said “I have He pointed out, ¢oncepts,
consistent seen all the words electrons, terminal voltage, flux,
answers for 16  here; | was not synchronous motors, cores, coill,
tested items. He confident with the amplifierandsecondary voltage
had a wrong word ‘received are normally used as loan
reading with the signal and it is words; it is difficult to give Thai
word ‘electrons  difficult to give the meanings to these words as we
He read it as Thai meaningto  understand English words
‘electoné He the words terminal better.”

had problems voltage and
with the words ‘cores.”
‘received signa|

‘terminal voltagé

and ‘cores.

10 Student 10 gave He said, “I have He said, &quation, power
consistent seen all the words factor, frequency, electrons,
answers forl6 here; | know these generators, received signal,
tested items. He words, but it is electric field, distribution,
had difficulties difficult to give receiver, amplifier, windings,
giving Thai their Thai meaning, andbrushesare used as loan

meanings to the so | just skipped  words and | understand the
words ‘electrons’, some words last  English words better,”
‘section’, time.”

‘received signal’

and ‘equivalent

circuit’.

Apart from the transcriptions above, the studexdmitted that they
had seen all the words before the test, but théyndi know some words and paid no
attention to their meaning because those words trmghbe important to help them
understand the electrical engineering texts thesevassigned to study. In fact, they
said equations and figures would play a more ingmbntole in understanding texts.

The students might have problems with some wolild, these
problems lie with their recognition ability. Thegid that they were familiar with the

words but could not recognize their meaning dutheytest. They got stuck with the
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Thai meanings because many words from the testsé as English or loan words
and their Thai equivalents were rarely mentioneds&d in their study, so they were
more familiar with the English words than their Thaanings. Therefore, the use of
these words as loan words could make the studemfsised and unconfident with
their Thai equivalent sometimes, and they couldehproblems when they need to
give Thai meaning to these words.

However, it was found from the interview that mesiswers were
consistent to those of the test. Out of 20 testenhs, students 1-10 gave consistent
answers respectively as 18, 17, 19, 18, 17, 1718516, and 16. This is counted as
17.1 on average or 85.5 %. This means that theoukean words and the students’
recognition ability with Thai meanings have a vy effect on the results from the
test. To sum up, the test has high reliability sitlte data from the test and from the
interview are highly reliable (the reliability i2% % and the consistency with the
interview is 85.5 %). Therefore, this translatiesttcan be used to collect data for this

research study with high reliability.

3.4 Summary of research tools and methods

The design of this study discusses quantitativihats. The whole procedures
of the study were divided into two phases. Phasec@ised on the identification of
types of vocabulary from the corpus while PhasenZstigated the engineering
knowledge of the identified vocabulary from Phasé&dr Phase 1 of the research, a
specialized corpus of approximately 120,000 words wreated and used as samples
and subjects. General, technical and academic vasrall as general, technical and

academic noun phrases were identified with the iegjbns of criteria and
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instruments including Oxford WordSmith Tools 4.0e trating scale, the Academic
Word List, Dictionary.com, and Yang's presupposiio Data obtained from the
corpus were analyzed in terms of percentage ofstygmel tokens, and frequency of
occurrence. The research Phase 2 concerned theoftesicabulary knowledge.
Samples were 104 electrical engineering studerits. rEésearch instrument used to
collect data was a vocabulary test with translatmmrmat with 120 items randomly
selected from each type of vocabulary from Phadéé.analysis of the data from the
test scores was carried out by the use of one-walysis of variance or ANOVA.

The results from the piloting of the research tdotsthis research study show
high reliability. The Rating Scale for single wordsd the criteria for noun phrases
were checked for inter-rater reliability with thregperts. The Rating Scale has 80 %
reliability when used to classify single words irfige groups (function, general,
general used as technical, scientific/technicahfather fields, and technical from the
electrical engineering field) and 90 % reliabilishen used to classify words into
three main categories (function, general, and teahn The criteria for classifying
noun phrases has 83.33 % reliability. The trarmhatest has 92.6 % reliability.
Therefore, with high reliability, these researchlsowere used to collect data for this

study.



CHAPTER 4
FINDINGSFROM THE ELECTRICAL

ENGINEERING CORPUS

4.1 Thecoverage of different kinds of vocabulary estimated

by researchers

The estimates by researchers are that, in acaderts; the GSL covers 80 %
of running words; the AWL 10 %; technical words 5a&¥d rare words 5 % (Nation
and Waring, 1997; Coxhead, 2000; and Nation, 200hgse researchers classified
different kinds of words by range and frequencywpithe use of available lists such
the GSL (West, 1953) and the AWL (Coxhead, 200®. nifake the process for
classifying words easier, Paul Nation from Victodaiversity of Wellington, New
Zealand, has developed a software program calleNG& This program identifies
different kinds of words by running the corpus agaithe GSL and the AWL, which
are included in the program. The program identifes classifies words into four
kinds or levels, the®11000, 2° 1000, AWL, and technical + rare words. THeahd
2" 1000 are words from the GSL; the AWL or acadenicds are words outside the
GSL and occur in wide range and with high frequerieghnical words are words
with specialized meaning in a specific field; arader words are words outside the
GSL and the AWL and can be technical words fromeptpecific fields (Nation,

2001).



105

To see if the proportions of word levels from aademic text are consistent
with those estimates by researchers, the corptlssrpresent study which contained
around 122,000 running words was run by RANGE. fiindings are shown in Table
4.1 below.

Table 4.1 Proportion of different types of words from thealdacorpus

L evels of vocabulary Types Tokens

1%1,000 words (GSL) 1,778 (24.73%) 84,214 (68.91 %)
241,000 words (GSL) 727 (10.11 %) 7,323 (6.00 %)
AWL 1,034 (14.38 %) 12,085 (9.89 %)

Technical + rare words 3,651 (50.78 %) 18,587 (15.20 %)

Total 7,190 (100 %) 122,209 (100 %)

Table 4.1 shows the proportions of different typésvords counted in types
and tokens (running words). Totally, the corpustams 122,209 tokens which
comprise 7,190 word types. In detail, GSI*' (1,000 + 2¢ 1,000 words) covers
around 75 % of the tokens from the entire corpuafLAcovers 9.89 % of the tokens;
and technical and rare words cover 15.20 %. Fraseliigures, only the coverage of
the AWL is close to the estimate. While the GSI5i%0 lower than the estimate, the
combination of technical with rare words is morartld % higher.

However, this way of classifying words has sonasvfl which can distort the
real coverage of vocabulary from different kinddemels since some words from the
GSL and AWL can provide technical meanings in ddfe contexts and can be
counted as technical words. Chung and Nation (2@E8jtified technical vocabulary

with the rating scale based on the degree of teahmess of words in context. They
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found that many technical words are from commondspincluding words from the
GSL and the AWL. Hyland and Tse (2007) found thatdg from the AWL can be
homographs which can provide different meaningslifferent contexts, and these
homographs should not be included as academic wortdsrefore, identified by the
GSL and AWL in RANGE, technical words from the caspwhich are words from
the GSL and AWL, can be classified into wrong lsveéh addition, an individual
word can be a part of a multi-word lexical unittasomplex noun phrase. To separate
individual words from a phrase would impair theuattmeaning of the words when
used in the phrase. Therefore, to get more regbgotions of different kinds of
vocabulary, individual words and multi-word itemisosld be analyzed separately,
and both of them should be identified by checkiggiast not only the GSL and the
AWL but also their meaning according to the contiady are in. The rest of this

chapter shows the results received from this method

4.2 Thecoverage of singlewordsand noun phrasesin the electrical

engineering corpus

From the whole corpus, multi-word lexical units orthis case complex noun
phrases, were identified and separated from indalidsingle) words. Both single
words (SWs) and complex noun phrases (NPs) (i.éexatal units) were counted as
running words, tokens, and types. A running worigéreto every individual word
from the corpus. An individual lexical unit in tleerpus was counted as a token, for
example, the SWmotor’ is a (single word) token every time it occursradcand the
NP ‘induction motor’ is also a (noun phrase) token. Thus, bothtor andinduction

motor are counted as lexical units and as tokens. leftetorms of SWs and/or NPs
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were counted as separate types, for example, the ‘®Wtor’ and ‘motors’ were
counted as two types, and the NPs ‘induction maad ‘induction motors’ are also
counted as two types. In other words, lexical uwwigse not lemmatised. The findings
from this part answer the following research questi

Resear ch Question 1.1: What is the proportion of words and noun phrasesin
the electrical engineering corpus?

This section presents proportion of SWs and N&s fthe corpus under two
headings, e.g. (1) high proportion of noun phrag2shigh proportion of technical

noun phrases.

4.2.1 High proportion of complex noun phrasesin the corpus

Complex noun phrases (NPs) were separated fromeswgrds (SWSs).
Remember that SWs include both function words amdent words, while NPs have
no function words. The proportion of SWs and NPshigwn in Table 4.2 as follows.

Table 4.2 Proportion of single words and noun phrases iretbetrical engineering

corpus
Kinds of Types Tokens Running words

lexical units

Single words 4,689 96,780 96,780
(43.69 %)  (90.04 %) (79.20 %)

Noun Phrases 6,043 10,707 25,429
(56.31 %) (9.96 %) (20.80 %)

Total 10,732 107,487 122,209

(100 %) (100 %) (100 %)
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Table 4.2 shows the proportion of words in thepasrwhich occur as part of
noun phrases. It is clear that NPs represent & lprgportion of the corpus. The
corpus contains 122,209 running words, of whichess than 25,429 are part of NPs;
this is 20.80 % of the total running words. In ghonore than one in every five
running word is part of a NP.

This is, of course, not because NPs are frequeetigated; it is because there
are so many different ones. This is shown by “tymedumn in the table. Excluding
NPs, there are 4,689 different SW types in the warBut there are 6,043 NP types.
As there are 10,707 NP tokens, this means that MBcbccurs only about 1.77 times
in the corpus (i.e. a type/token ratio of 1:1.77).

The figure of the SW types is somewhat distortgdhe presence of function
words, which are relatively few in number (150 typdout which in many caseth¢,
of, in, are, etc.) occur everywhere and often (54,550 tokens). Témgls greatly to
decrease the type/token ratio. If we exclude theenare left with 42,230 SW tokens
(instead of 96,780) and 4,539 SW types in steadl@89. This still leaves us with a
type/token ratio of about 1:9 for single contenteg

To summarize table 4.2; there are a relativelgdarumber of NP types, most
of which are used only once or twice; and a reddyismall number of single content
word types, with a much higher frequency. This nseifuat NPs represent a relatively

high learning load (since, obviously, we learn gp®ot tokens.)

4.2.2 High proportion of technical noun phrases

NPs were classified into three vocabulary leveds general noun phrases

(GNPs), technical noun phrases (TNPs) and acadeouo phrases (ANPS). Since
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this present study focuses on technical and acadeatabularies, all of which are
content words and carry meanings of the text, aolytent words from SWs are used
to compare with other types of lexical units. Tlere, all function words are

excluded since function words do not carry much mmeaby themselves and can
distort the proportion of general words. The firgifrom this part also answer the
following research questions.

Research Question 1.2: What is the proportion of technical words, academic
words, and general words in the electrical engineering corpus?

Research Question 1.3: What is the proportion of technical noun phrases,
academic noun phrases, and general noun phrases in the electrical engineering
corpus?

The proportions of different kinds of lexical wiare shown in Table 4.3
below.

Table 4.3 Coverage of different kinds of lexical unitsthe corpus

Kindsof lexical units Types Tokens Running words

General content words 2,048 25,482 25,482
(19.35 %) (48.14 %) (37.66 %)

Technical words 895 8,406 8,406
(8.46 %) (15.88 %) (12.42 %)

Academic words 898 6,172 6,172
(8.48 %) (11.66 %) (9.12 %)

Rare words 698 2,170 2,170
(6.60 %) (4.10 %) (3.21 %)

General noun phrases 295 351 757

(2.79 %) (0.66 %) (1.12 %)

Technical noun phrases 5,500 10,069 24,061
(51.98 %) (19.02 %) (35.56 %)
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Table 4.3 (Cont.) Coverage of different kinds of lexical unitsthe corpus

Kindsof lexical units Types Tokens Running words
Academic noun phrases 248 287 611
(2.34 %) (0.54 %) (0.90 %)
Total 10,582 52,937 67,659
(100 %) (100 %) (100 %)

Table 4.3 shows the proportions of lexical un#l, of which are content
words in the corpus. Clearly, technical noun plsase TNPs represent a large
proportion of the corpus. From 67,659 running worgsto 24,061 are part of TNPs.
That is, TNPs make up 35.56 % of all the contentdson the corpus. This means
that, from every three content words, there is edwused as part of a TNP.

There are a very high number of TNPs in the carphbs figure from the table
shows that from 10,582 lexical unit types, up t60B, or no less than 51.98 % are
TNPs. Also, the figure shows that, as there ar8&2tokens, a TNP occurs in every
five lexical unit tokens.

Table 4.4 Proportion of different types of noun phrases

Kinds of Noun Types Tokens Running
Phrases words
General (4 _%;235%) 3 .:;581%) (2.79587%)
Technical (giggoo %) (9196046&) (9244?’602601@
Academic 4 _211(1)8%) (2 _%887%) (2 .i%)l%)
Total 6,043 10,707 25,429

(100 %) (100 %) (100 %)
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From Table 4.4, it is quite clear that, amongkailds of noun phrases, TNPs
represent the highest proportion. GNPs, TNPs, amNP# in the corpus were
classified from a total of 10,707 NP tokens. Thyife in the “tokens” column shows
that TNPs account for 10,069 or no less than 940df all NPs in the corpus. A
type/token ratio (1:1.83) indicates that each TNBuos 1.83 times.

To sum up Table 4.3-4.4; TNPs prevail in the cerpith a large number of
NP types, leaving very few as GNPs and ANPs. Omaages TNPs occur one or two
times in the corpus. This means that high learhdagl of NPs falls much more on

TNPs than on other kinds.

4.3 Thecoverage of different types of lexical unitsin the corpus

Note that technical vocabulary and academic vdeapun this study are
different from other studies as this study inclubdeth single words and noun phrases,
both of which refer to here as lexical units. Alsemember that academic words in
this study are from the AWL but some are used elsnieal words in the electrical
engineering field. In this part, proportions ofhitaccal and academic lexical units are
compared and presented. Also, these two kindsxtdkeunits are compared with
other kinds (i.e. general lexical units and ranedal units). General lexical units
(GLUs) consist of general words (GWs) and GNPs.d&aaic lexical units (ALUS)
consist of words from the AWL or academic words (&Wand ANPs. Technical
lexical units (TLUs) consist of TWs and TNPs. Ramards (RWs) are words hardly
met in the text and cannot be included with GWs,sAWhd TWs. The findings in this

section answer Research Question 1 as follows.
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Research Question 1. What proportion of the different types of vocabulary
occursin the electrical engineering corpus?
The data for this section are presented under headings, i.e. (1) higher

coverage of TLUs and (2) proportions of lexicaltamn detail.

4.3.1 Higher coverageof TLUs

The data from the corpus reveal different proposiof lexical-unit levels. It
was found that TLUs represent larger proportiomtil@ ALUs and GLUs. The
proportions of different lexical units are shownTiable 4.5 below.

Table 4.5 Proportion of vocabulary in electrical engineeraugpus

Kindsof lexical units Types Tokens Running
Words
Function words 150 54,550 54,550

(140 %)  (50.75 %) (44.63 %)

General (GWs + GNPS) 2,343 25,833 26,239
(21.83%)  (24.03%) (21.47 %)

Academic (AWs + ANPs) 1,146 6,459 6,783
(10.68%)  (6.01%)  (5.55 %)

Technical (TWs + TNPs) 6,395 18,475 32,467
(59.59 %)  (17.19 %) (26.57 %)

Rare words 698 2,170 2,170
(6.50 %) (2.02 %) (1.77 %)

Total 10,732 107,487 122,209
(100 %) (100%) (100 %)

Table 4.5 shows all proportions of vocabularylectical engineering corpus.
It is clear that function words comprise almostf hadl total running words in the

corpus. TLUs have a large proportion with 26.570%@ll running words, while



113

GLUs have 21.47 % and ALUs have only 5.55 % ofwhwle corpus. But when

function words are excluded and only general cdnteords are compared, the

percentage of all (content) lexical units becomeshhigher.

Table 4.6 Proportion of lexical units from the whole corpus

Kinds of lexical units Types Tokens Running
Words
General (GCWs + GNPs) 2,343 25,833 26,239
(22.14 %) (48.80 %) (38.78 %)
Academic (AWs + ANPS) 1,146 6,459 6,783
(10.83 %) (12.20 %) (10.02 %)
Technical (TWs + TNPs) 6,395 18,475 32,467
(60.43 %) (34.90 %) (47.99 %)
Rare 698 2,170 2,170
(6.60 %) (4.10 %) (3.21 %)
Total 10,582 52,937 67,659
(200 %) (100 %) (200 %)

Table 4.6 illustrates proportions of lexical unit®m different kinds of
vocabulary. It can be seen from the table that Theie the highest coverage in the
corpus. Out of 67,659 running (content) words, esslthan 32,467 are part of TLUs
while only 6,783 are part of ALUs. That is, TLUsveo 47.99 % of total content
words, while ALUs cover 10.02 %. In other words,Ud.cover 26.97 % more of the
electrical engineering corpus than ALUs. This means from every two content
words in the corpus is a TLU or part of a TLU, vehilne from every ten is an ALU or
part of an ALU.

There are more TLUs in electrical engineering aerfhan ALUs. This can be

concluded from the high number of TLU types in Ball6. The figure from the
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“types” column in the table shows that TLUs make6,®95 types or 59.60 % out of
10,582 total types. However, TLUs have lower rejmeti than ALUs. Each TLU
occurs two or three times while each ALU occurs enitvian five times. This can be
seen from the “types” and “tokens” columns in thablé. The type/token ratio of
TLUs is about 1:2.89 while that of ALUs is 1:5.63.

TLUs occur with higher proportion in the corpuathGLUs (in the case that
function words are excluded). Non-function-word GLdonsist of 26,239 running
words or 38.78 % while TLUs consist of 32,467 or997%. While almost one from
every two content words is a TLU or part of a Tlthigre than one from every three is
a GLU or part of a GLU. This can find this percgggrom the ratio of TLU and
GLU running words to the total number of runningrds (i.e. 32,467/67,659 for
TLUs and 26,239/67,659 for GLUS).

TLUs also occur more often in the corpus than Glthisugh they have a
lower number of repetitions. The higher prevalentdLUs over of GLUs can be
seen from TLU types (6,395) which are higher thatu®ypes (2,343). The repetition
or frequency of lexical units is from the type/tokmtio. The type/token ratio of
GLUs is about 1:11 while that of TLUs is 1:2.89.i9 means each non-function-word
GLU occurs 11 times on average while each TLU ac@89 times.

To conclude, technical lexical units or TLUs appea a relatively higher
proportion in electrical engineering corpus thanUsLand non-function-word GLUS.
TLUs cover almost a half of the content words ie téxt. In other words, electrical
engineering corpus uses more TLUs than other kofdexical units. Since TLUs
have a larger number of lexical unit types, thgy@sent a much higher learning load

than ALUSs.
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Remember that lexical units include single wor8%V€) and noun phrases

(NPs). The proportions of TLUs and ALUs in terms fgle words and noun

phrases, compared with other kinds of lexical ymite shown in Table 4.7 as follows.

Table 4.7 Proportions of lexical units from the whole corpusletail

Kind of lexical Types Tokens Running
units Words
Function SWs 150 54,550 54,550
(GSL) (1.40 %) (50.75 %)  (44.63 %)
General GWs 2,048 25,482 25,482
(GSL) (19.10%) (23.70%) (20.85 %)
GNPs 295 351 757
(2.74 %) (0.33 %) (0.62 %)
Academic AWs 898 6,172 6,172
(8.36 %) (5.74 %) (5.05 %)
ANPs 248 287 611
(2.31 %) (0.27 %) (0.50 %)
Technical TWs 895 8,406 8,406
(8.34 %) (7.82 %) (6.88 %)
TNPs 5,500 10,069 24,061
(51.25 %) (9.37 %) (19.70 %)
Rare RWs 698 2,170 2,170
(6.50 %) (2.02 %) (1.77 %)
Total 10,732 107,487 122,209
(100 %) (100 %) (100 %)

Table 4.7 shows all proportions of lexical unitsieh are classified into SWs

and NPs. The proportion of TWs is a little highleart that of AWSs. This is because

TWs are more frequently used than AWs. The figimgshe “tokens” column from



116

Table 4.7 show that TLUs are comprised of 8,406 Takd 10,069 TNPs, while
ALUs have 6,172 AWs and 287 ANPs. On average, aocbdirs more than 9 times
while AWs recur about 7 times. These frequendiedram a type/token ratio, i.e. 1 :
9.4 for TWs and 1 : 6.9 for AWSs. This means thahbbWs and TNPs have higher
coverage than AWs and ANPs and that they represteavy learning load for EAP
learners.

Technical words (TWs) cover 895 types and 8,40€ens. In fact, these
figures are combined from three groups of techniaaids, i.e. common words used
with technical meaning, scientific/technical worilem other fields, and indexical
words or words mainly found in the electrical emgnng field. Three groups of
technical words with their proportions are show @&ble 4.8 as follows.

Table 4.8 Different types of words comprising technical werd the corpus

Words used astechnical Types Tokens
vocabulary
Common words 289 2,836

(3229%)  (33.74 %)

Scientific words 273 1,414
(30.50 %)  (16.82 %)

Indexical words 333 4,156
(37.21 %) (49.44 %)

Total 895 8,406
(100 %) (100 %)

It is obvious that indexical words have the highaesverage and frequency.
Over one third of the total number of TWs are indakwords. That is, a TW occurs
every thirty running words (122,209/4,156 equalsi@pand each word form occurs

more than 12 times on average in the corpus (a/tbjen ratio is 1:12.48).
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Interestingly, “common” (= technical common) wordlso have a high occurrence,
taking up more than one third of the entire TWsteghnical common word occurs
every 44 running words (122,209/2,836 equals 4308)average, one common word
is recycled around 9 to 10 ten times (a type/taleio is 1: 9.8). This means that not
only indexical words but also common words withhi@cal meanings provide a
learning load to learners. Scientific words ares lesmmon, although they are still a

significant presence.

4.4  The coverage of words from the AWL used in technical noun

phrases

Some words from the AWL are used with technicahniegs, especially when
they occur with other words as noun phrases. Tdlsegroportion of technical noun
phrases containing words from the AWL, these nobrages were used to check
against the AWL. The findings are shown in Tab@as follows.

Table 4.9 Proportion of TNPs with AWs

Technical noun phrases Types Tokens

With academic words 2,032 (36.94 %) 3,721 (36.96 %)

Without academic words 3,468 (63.06 %) 6,348 (6304

Total 5500 (100%) 10,069 (100 %)

Table 4.9 shows the proportion of TNPs which conteords from the AWL.
It is clear that more than one third of TNPs camti least one word from the AWL.
It was found that 3,721 out of 10,069 NP tokengaionacademic words. This means

that a substantial number of words from the AWL ased with technical meaning in
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TNPs. To see the proportion of words from the AVElL,words from TNPs were run
by RANGE (to check against the AWL and the GSL)e Toverage of words from
the AWL used in TNPs can be seen in Table 4.10nelo

Table4.10 Coverage of AWs in TNPs

L evels of vocabulary Types Tokens
Words from the GSL 437 (35.47 %) 1,648 (32.43 %)
Words from the AWL 357 (28.98 %) 2,285 (44.97 %)

Technical + Rare Words 438 (35.55 %) 1,148 (22.39 %

Total 1,232 (100%) 5,081 (100 %)

According to Table 4.10, it is obvious that thoutpey are technical noun
phrases, they comprise a very large proportion ofd& from the AWL which are
frequently repeated. That is, 2,285 tokens in THfeswords from the AWL but are
accounted as technical vocabulary. From the tykeftoratio, each type of these
words occurs more than 6 times, while each typsartls from the GSL can be found
around 4 times and each technical word appearst &tmes. This means that there
are a number of words from the AWL used as TNPehgges with technical meaning)
which add to the learning load for electrical erginng students. The examples of
TNPs containing words from the AWL are illustratedTable 4.11 as follows. All

italic words in the table are words from the AWL.
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Table 4.11 Examples of technical noun phrases containingexradwords

No. of academic wordsin a noun phrase

1

2

3

reactive power

transition region

parallel enable PEinput

powerfactor

transfer function

complex combinatorial
logic functions

unity powerfactor

transfer function

magnitude

individual transfer
function magnitudes

averagenormalized

power

crosssectional area

uniformly distributed
random variable

small-signalequival ent
circuit

reverse-biased collector
junction

communication system
analysis anddesign

squirrel-cagenduction
motor

perphase equivalent
circuit

input andoutput image
tables

binary and foursymbol
systems

conduction band equi-
energy surfaces

balancedositive sequence
wye connected 60Hz three
phase source

bitline-to-cell capacitance stable line-to-neutral

ratios

voltages

two-sided average
normalized power
spectrum

singlephase unity power

factor load

shell-type and aore-type threephase, unity power -
transformer factor synchronous motor

Table 4.11 exemplifies some TNPs containing wama® the AWL which are
technically used with technical meanings. From ¢hesamples, it can be seen that
words from the AWL are not limited to providing nméags which are common to all
academic texts. Many of them are homographs whassnimgs vary according to
context. These words occur with other type of waadd become technical such as

reactive power,induction motor,bias current, etc. Some are used together with words
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in their groups and become technical, for exampiessfer function, transition
region, potential source. To sum up Table 4.11, many words from the AWL can
provide technical meaning when used together witilerowords as technical noun

phrases.

45 Summary of findings from the corpus

When the corpus was analyzed and run with RANGIE, roportion of
academic vocabulary was close to the estimate Isgarehers. However, this
proportion became much lower when SWs and NPs weparated and classified
with their meanings in the electrical engineeriramtext. With this method, it was
found that NPs, most of which are technical, maple wery high proportion. TNPs
had much higher coverage than ANPs. Similarly, Tsur as a higher proportion
than AWSs. Therefore, with a combination of lexicaits from TWs and from TNPs,
TLUs made up a high proportion, 26.57 % of runnvayds. In the same way, when
lexical units from AWs were combined with thosenfréANPs, ALUs fell to a very
low proportion with 5.55 %. In terms of lexical types, TLUs can be found in the
highest proportion at 59.59%, while ALUs stand 8t68 %. These percentages
become much higher when function words are excludetonly content words are
compared. Among all (content) running words in¢bepus TLUs comprise 47.99 %.
Therefore, TLUs represent a very large proportidrthe vocabulary in electrical
engineering corpus and fill out the learning loadédlectrical engineering students.

It was found that technical words or TWs are casgat of three kinds of
words used with technical meaning in the electrezadineering context, i.e. common

words (including words from the GSL and AWL), sdi&a words, and indexical
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words. Among these three types, indexical wordstthe highest proportion, while
scientific have the lowest. Common words also Haigh coverage. Interestingly, it
was also found that there were a large number ofisvisvom the AWL used in TNPs.
These findings indicate that many words from theLG#d AWL can provide

technical meanings to electrical engineering cantex



CHAPTER 5

FINDINGS FROM THE VOCABULARY TEST

5.1 Administering the translation test, marking and andyzing

scores

The vocabulary test was meant to be administerétt W20 electrical
engineering students as subjects at Khon Kaen hiiye40 from second year, 40
from third year, and 40 from fourth year. In preget only 104 students showed up
and took the test: 35 from second year, 34 fromdtiaear, and 35 from fourth year.
The test started at 1.30 p.m. and finished by p.8Q, but most subjects were able to
finish it in 50 minutes on average. The marking wase two times as discussed in
Chapter 3, to get the raw scores. The subjects’'stames were processed with the
SPSS for Windows to compare means. The analysiarednce (ANOVA) was then
used and the Post Hoc Test by Scheffé was utiliaeste if there was a significance

difference of means from each group of subjectsesuth type of vocabulary.

5.2 Results from the test scores

Data from the test were statistically analyzed #ralfindings were used to

answer research Questions 2 and 3 as follows.
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(2) How well do the students know each type of lexieah from the
electrical engineering textbooks?

(2.1) Which type of lexical items between technical anddemic
words do the students know more?

(2.2) Which type of lexical items between technical woadsl
technical noun phrases do the electrical engingetindents
know more?

(3) How do the students’ study levels affect their kiexlge of

vocabulary?

To answer these questions, the test scores welgzadainder four headings:
(1) electrical engineering students’ knowledge fedent types of vocabulary, (2)
vocabulary knowledge of electrical engineering stud from different years, (3)
knowledge of different types of vocabulary of eteal engineering students within
the same year and (4) knowledge of different typésvocabulary of electrical
engineering students from different years. Theifigd from (1) were used to answer
research Question 2, while the findings from (2) &) were used to answer research

Question 3.

5.2.1 Electrical engineering students’ knowledge of diffeent types of
vocabulary
The subjects’ scores from three types of vocaluldechnical words,
academic words, and technical noun phrases—werbzadaand compared. The

results are shown in Table 5.1-Table 5.2.
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Table 5.1Subjects’ mean scores from different types of votady

Types of N Mean Std. Minimum Maximum
vocabulary Deviation

Technical 104 20.6442 6.10255  7.00 30.00
words

Academic 104 18.2692 6.16950  4.00 30.00
words

Technicalnoun 14, 166058 740168  3.00 30.00
phrases

Total 312 185064 6.77046  3.00 30.00

Table 5.1 shows the details of minimum, maximur arean scores from 104
electrical engineering students. The scores wdraireed from three types of
vocabulary: technical words, academic words, arghrieal noun phrases. The
minimum scores from technical words, academic weanad technical noun phrases
are 7, 4 and 3 respectively. The maximum score fatirthree types is 30 or the full
score. The total mean score is 18.5064, and then reeares of technical words,
academic words and technical noun phrases are, 208626 and 16.60 respectively.
The mean scores from the three types are diffeflemtsee if there is a significant
difference between these mean scores, further sinallas done with an analysis of
variance (ANOVA). To see which one the studentswknwore, each pair of the mean
scores were compared with the Post Hoc tests bgffechlrhe results are shown in

Table 5.2 as follows.
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Table 5.2Subjects’ knowledge in different types of vocabwular

Student’s knowledge of vocabulary Mean Sig.
Difference
Technical words > Academic words 2.37500* .035
Technical words > Technical noun phrases 4.03846*.000
Academic words > Technical noun phrases 1.66346 2 .19

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

Table 5.2 shows the results from multiple commenssof the mean scores
from technical words, academic words, and techmoain phrases. According to the
figures of significance, only two pairs of the meaoores have a significant
difference: between technical words and academiecdsvq.035); and between
technical words and technical noun phrases (.08@)ce the mean score from
technical words is higher than the one from academards and from technical noun
phrases, this means the subjects knew more tet¢hmaras than academic words
with the significant difference at the .05 leveldathey knew more technical words
than technical noun phrases with the significarfectnce at the .001 level. The
subjects knew more academic words than technicah rghrases, but the mean

difference is not significant (.192).

5.2.2 Vocabulary knowledge of electrical engineering stuehts from
different levels
Since all the subjects of this study were eleatrangineering students from
different levels or years of study, it was inteiggtto know whether or not the

students from a higher level might have more kndg#eof vocabulary than those
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from lower one. To check this, the test scores fidifferent years of study were
analyzed and compared. The findings are shownleTa3 — Table 5.4 as follows.

Table 5.3Mean scores from different levels of subjects

Students N Mean Std. Minimum Maximum

Deviation scores scores

2" year 35 38.6857 11.82662 15.00 65.00
3% year 34 59.1765 16.57210 24.00 84.00

fMyear 35 68.8000 12.48481 41.00 87.00

Total 104 55.5192 18.60785 15.00 87.00

Table 5.3 shows details of minimum, maximum ancimscores of the test
results from the subjects from different years. mbhenbers of subjects from years 2, 3
and 4 are 35, 34 and 35 respectively. The minimewnes 15, is from the second year
while the maximum score, 87, is from the fourth ry€ehe three mean scores are
different. The fourth year students got the highmstin score with 68.80, while the
second year students got the lowest mean score38i68. The mean score of the
third year students is lower than that of the fourears but higher than that of the
second years. The findings in significant differenaf these mean scores by an
analysis of variance (ANOVA) and further analysisaswdone with multiple

comparisons of the mean scores by Scheffé. Thésese shown in table 5.4 below.
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Table 5.4Vocabulary knowledge of the subjects from différnenels

Vocabulary Mean Sig.
knowledge from Difference
different levels
3"%year > ¥ year 20.49076*  .000
4" year > 2 year 30.11429*  .000
4" year > ¥ year 9.62353*  .017

*The mean difference is significant at the .01 &bfsllevel.

Table 5.4 shows the results from the post hos tegtScheffé. According to
the figures, there was a significant differenc®@)Obetween the mean score from the
third-year students and the second-years, a signifidifference (.000) between the
mean score from the fourth-year and that from tbeosd-year students, and a
significance difference between means (.017) frbenfourth-year and the third-year
students. As shown in Table 5.3, the mean scooes the second, third and fourth
year students are 38.68, 59.17 and 68.80 resplctiVeerefore, the third year
students knew more vocabulary than did the secead students with a significant
difference at the .01 level; the fourth year stusémew more vocabulary than did the
second year students with a significant differeacéhe .01 level, and more than the

third year students with significant differencela .05 level.

5.2.3 Knowledge of different kinds of vocabulary of the abjects within
the same levels
Tables 5.3-5.4 present how different the scored@rthe subjects from each

group on the test as a whole. To see more detailoow well each group of students
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knew different types of vocabulary, further anadysias undertaken. The findings are
shown in the following tables.
Table 5.5Mean scores from different types of vocabulary cared within the same

level of subjects

Level Types of N Mean Std. Min.  Max.
Vocabulary Deviation

nd i
2 Technical 35 14.6857 3.87125 7.00 25.00

year  Words
Academic 35 14.3429 5.15034 4.00 29.00
Words
Technical 35 9.6571 4.22139 3.00 18.00
Noun Phrases
Total 105 12.8952 4.97092  3.00 29.00
rd i
3 Technical 34 222941 521960 9.00 28.00
year  Words
Academic 34 18.2059 5.94306 6.00 28.00
Words
Technical 34 18.6765 6.66843 4.00 28.00
Noun Phrases
Total 102 19.7255 6.19191 4.00 28.00
th i
4 Technical 35 25.0000 3.54799 15.00 30.00
year  Words
Academic 35 22.2571 471757 14.00 30.00
Words
Technical 35 215429 508945 10.00 30.00
Noun Phrases
Total 105 22.9333  4.70120 10.00 30.00

Table 5.5 shows the mean scores from differerggygs vocabulary from each
level of the subjects. According to the table, thllee levels got the highest mean
score from technical words. The second year andHorear students got the lowest

mean score from technical noun phrases, whilettid year students got the lowest
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mean score from academic words. Since each gfaybjects got different mean scores
from each type of vocabulary, further analysis bglgsis of variance (ANOVA) was
done to see if there was significant different lestwthese mean scores.

Table 5.6Subjects’ knowledge of different types of vocabuleompared within the

same level of study

Levels Students’ knowledge of Mean Sig.
vocabulary Difference

2 year Technical words > Academic words 0.29412 .964

Technical words > Technical NPs 5.0285(*) .000

Academic words > Technical NPs 4.6857(*) .000

3%year Technical words > Academic words  4.0882(*) .022

Technical words > Technical NPs 3.6176(*) .049

Technical NPs > Academic words 0.47059 .949

4"year Technical words > Academic words — 2.7428(*) .043

Technical words > Technical NPs 3.4571(%) .007
Academic words > Technical NPs 0.73529 .800

* The mean difference is significant at the .01 bhllevels.

Table 5.6 shows the results from multiple compassof mean scores from
different types of vocabulary. The findings frometlecond-year students show a
significant difference (.000) between the mean exocirom technical words and
technical noun phrases and a significant differep@@0) between the mean scores
from academic words and technical noun phrases ift@ans that the second-year
students knew more technical words and academidsatian technical noun phrases
with the significant difference at the .01 levehelsecond-year students knew more

technical words than academic words, but the mégerehce is not significant (.964).
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For the third-year students, there is a significifierence (.022) between the
mean scores from technical words and that from exoéd words and a significant
difference (.049) between the mean score from ieahmvords and the one from
technical noun phrases. This indicates that thedtear students knew more
technical words than academic words and technwah phrases with the significant
difference at the .05 level. The third-year studdatew more technical noun phrases
than academic words, but the mean difference isigaificant (.949).

Like the results from third-year students, theufes from the fourth-year
students show that there are a significant diffeeefp043) between the mean scores
from technical words and academic words and afignit difference of mean scores
(.007) from technical words and technical noun plsaThis indicates that the fourth-
year students knew more technical words than adadewrds with the significant
difference at the .05 level and technical noun gésavith the significant difference at
the .01 level. The fourth-year students knew maradamic words than technical

noun phrases, but the mean difference is not sogmif (.800)

5.2.4 Knowledge of different types of vocabularyfdhe subjects among
different levels
The findings show that, overall, students fronfaddnt levels had different
knowledge of vocabulary. Since this study was cetetliwith mixed level electrical
engineering students, it might have useful impiwe for vocabulary teaching, to see
whether the students from different years know edédht types of vocabulary.
Therefore, further analysis was conducted focusimglifferent types of vocabulary.

The findings are presented in Table 5.7 and 58lkmswv.
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Table 5.7Mean scores from different types of vocabulary difig¢rent levels of the

subjects
Types of Students N Mean Std.
Vocabulary Deviation
Technical 2" year 35 14.6857  3.87125
Words 3 year 34 222941  5.21960
4" year 35 25.0000  3.54799
Total 104  20.6442  6.10255
Academic 2" vyear 35 14.3429  5.15034
Words 3 year 34 182059  5.94306
4" year 35 222571  4.71757
Total 104  18.2692  6.16950
Technical 2" year 35 9.6571 4.22139
Noun Phrases
3 year 34 18.6765  6.66843
4" year 35 21.5429  5.08945
Total 104  16.6058  7.40168

Table 5.7 presents the mean scores from diffetgpes of vocabulary
obtained from the students from different levelsotal of 104 students. For all three
kinds of vocabulary the second year students gainmim scores, while the fourth
year students got maximum scores. Similarly, fa thean scores from all three
types, the second year students got the loweste whe fourth year students got the
highest. For technical vocabulary, the mean sctyoes second year, third year and
fourth year students are 14.68, 22.29 and 25.Qfeotisely and the grand total mean

score is 20.64. The mean scores of academic woedespectively 14.34, 18.20 and
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22.25 and the grand total is 18.26. The mean sadrasun phrases are respectively
9.65, 18.67 and 21.54 and the grand total is 18.66se mean scores were compared
by analysis of variance, to see whether there wamgificant difference between
groups of students and types of vocabulary. Thairfgs are shown in Table 5.8.

Table 5.8Subjects’ knowledge of different types of vocabukard different levels of study

Types of Students’ Mean Sig.
Vocabulary knowledge of Difference
vocabulary (1-J)
Technical  dyeqr 5 year  7.60840*  .000
Words
A" year > Myear  10.31429* .000
4" year > 8 year 2.70588* .035
Academic  gdyesr 5 Hyear  3.86303* 012
Words
4" year > P year 7.91429* .000
4" year > & year 4.05126* .008
Technical

39year > ¥ year 9.01933* .000

Noun phrases
4" year > ¥year 2.86639 .094

4" year > Myear  11.88571* .000

* The mean difference is significant at the .0l 206 levels.

Table 5.8 presents the results from multiple camspas of means between
groups of students. In terms of technical wordsrdhare a significant difference of
means (.000) from the third-year students and ¢oersd-year students, a significant
difference of mean scores (.000) from the fourthryand the second-year students,
and a significant difference of mean scores (.08%) the fourth-year and the third-
year students. This indicates that the fourth-gtadents knew more technical words

than did their second-year counterparts with aisegmt difference at the .01 level
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and the third-year students with a significantetéihce at the .05 level and that the
third-year students knew more technical words thdrthe second-year students with
significant difference at the .01 level.

For academic words, there is a significant diffieee of mean scores (.012)
from the third-year and the second-year studentsgmificant difference of means
(.000) from the fourth-year and the second-yeadesits, and a significant difference
of mean scores (.008) from the fourth-year andthivel-year students. This means
that the fourth-year students knew more academrdsvihan did the second-year and
the third-year students with significant differeratethe .01 level and that the third-
year students knew more academic words than didsécend-year students, with
significant difference at the .05 level.

In terms of technical noun phrases, there is nifssgnt difference of mean
scores (.000) from the third-year students and gbeond-year students and a
significant difference of means (.000) from thertbwyear students and the second-
year students. This means the fourth-year and hihnd-year students knew more
technical noun phrases than did the second-yedests with a significant difference
at the .01 level. The fourth-year students knewartechnical noun phrases than the

third-year students, but the mean difference issigptificant (.094).

5.3 Summary of findings from the vocabulary test

The vocabulary test was conducted with 104 elsdtengineering students.
The result scores from the test were analyzed &yAtialysis of Variance from SPSS
for Windows. All mean scores were compared andistitzlly analyzed with a

significant difference at the .01 and .05 level.eTimdings were that overall the
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subjects knew more technical words than academidsvand technical noun phrases.
In terms of study levels, the fourth year studémisw more vocabulary than did the
third year and the second year students, and tingé ylear students knew more
vocabulary than did the second year students. tmsteof different types of
vocabulary and different study levels, it was fotinat the second-year students knew
more technical words and academic words than teahnoun phrases. The third-year
students knew more technical words than academidsaend technical noun phrases.
The fourth-year students knew more technical wdilten academic words and
technical noun phrases. In terms of different typesocabulary, the third-year and
the fourth-year students knew more technical woadsademic words, and technical
noun phrases than did the second-year studentsfolind-year students knew more
technical words and academic words than did thvel-¢e@ar students. The third-year
students knew more technical words, academic wamdsechnical noun phrases than

did the second-year students.



CHAPTER 6

DISCUSSION

6.1 Discussion of findings from the corpus

This corpus study counts occurrence and frequehepcabulary, separately
in terms of single wordsa(nplifier, ratio, power, et¢ and multi-word unitsréactive
power, potential problems, film reel, gtas, in this case, noun phrases. Both single
words and noun phrases are classified into threeipg: general, academic and
technical. With these classifications, single woede classified as general words
(GWs), academic words (AWs) and technical words §JWNoun phrases are
classified as general noun phrases (GNPs), academua phrases (ANPs) and
technical noun phrases (TNPs). As vocabulary is $tudy refers to a word and/or a
noun phrase, the unit of vocabulary used for agland counting both single words
and noun phrases is thexical unit (LU). Therefore, GWs and GNPs are general
lexical units (GLUs); AWs and ANPs are academiddakunits (ALUs); and TWs
and TNPs are technical lexical units (TLUs). Foareples, the wordamplifier is a
lexical unit (LU), and as it is a technical wordWJ, it becomes a technical lexical
unit (TLU). The noun phrasepo6tential problerhis a lexical unit (LU) and as the
word ‘potential is a word from the AWL, it becomes an academigdal unit (ALU)
and an academic noun phrase (ANP).

With the identification and classification of silagvords and noun phrases by

their meanings according to their context, thiglgtteveals more real proportions of
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kinds of vocabulary since words of the same formeamographs can be used with
different or special meanings in different conteff§ang and Nation, 2004 and
Hyland and Tse, 2007). In many research studiesgdsvavere individually studied

and classified into kinds or levels (Farrell, 198ytarsyah, Nation and Kennedy,
1994; Coxhead, 2000; Chujo and Genung, 2003; ClamagNation, 2003-2004). In

this way, the researchers paid attention to the$oof words only and ignored their
meanings in context, especially the meanings formfnech relationships of words.

Therefore, the studies, which separate words fromhease and ignore the real
meaning of words in context, distort a large nundfeechnical lexical units. Hyland

and Tse (2007: 247) remark “By breaking into singlerds items which may be

better learnt as wholes, vocabulary lists simulbaisey misrepresent discipline-
specific meanings and mislead students.”

Findings from the real proportions reveal somespectives on vocabulary in
electrical engineering corpus and some implicatimmdanguage pedagogy. In fact,
more than 45 % of running words in the corpus arection words encompassing
little or no information. Yang (1986) points outt5 % per cent of function words
does not indicate that 45 per cent can be extrdcted the text, because the main
subject information depends on multi-word units. aVls interesting is that the
proportion of noun phrases, in terms of numberypés, is higher than that of single
words (see Table 6.1 below). Most of these nouag#s are technical, resulting in, as
a whole, a remarkably high proportion of techniatabulary, when combined with
individual technical words. In contrast, as showrlable 6.1, academic vocabulary
comprises only a low proportion in electrical erggring corpus. These findings

provide helpful implications for teaching-materidésigners as well as EAP/ESP
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teachers for vocabulary teaching. This section abmsdiscuss proportions of

vocabulary and potential for difficulty. The findjs are discussed under two main

headings, i.e. (1) high coverage of TLUs and paérfor difficulties and (2)

academic vocabulary: an overestimate by researchers

Table 6.1Proportion of different kinds of lexical unitstie corpus

Types of Lexical unit Lexical unit Running
Vocabulary types tokens Words
Function Words 150 54,550 54,550
(GSL) (1.40 %) (50.75 %) (44.63 %)
General Words 2,048 25,482 25,482
content (19.10 %) (23.70 %) (20.85 %)
(GSL) NPs 295 351 757
(2.74 %) (0.33 %) (0.62 %)
Technical Words 895 8,406 8,406
(8.34 %) (7.82 %) (6.88 %)
NPs 5,500 10,069 24,061
(51.25 %) (9.37 %) (19.70 %)
Academic Words 898 6,172 6,172
(8.36 %) (5.74 %) (5.05 %)
NPs 248 287 611
(2.31 %) (0.27 %) (0.50 %)
Rare Words 698 2,170 2,170
(6.50 %) (2.02 %) (1.77 %)
Total 10,732 107,487 122,209
(100 %) (100 %) (100 %)

6.1.1 High coverage of TLUs and potential for diftulties

Technical lexical units (TLUs) have high coverageelectrical engineering

corpus, and their high proportion in electrical ieegring corpus can result in
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problems or difficulties to the electrical enginegrstudents, especially for reading
comprehension. It has been estimated that techwioecabulary covers around 5 % of
the running words in academic texts when all irdlial words in the texts are
counted, and language teachers can ignore thisl graortion and leave it for
subject teachers (Nation, 2001). This study proWed the coverage of technical
vocabulary may be seriously underestimated. Adngrdo our count with lexical
unit tokens (an individual word or SW is a lexicailit token and a noun phrase or NP
is a lexical unit token), technical vocabulary cev&7.19 % of lexical unit tokens
from the whole corpus. Counted with running wortisshnical vocabulary covers
26.57 % of running words in the same corpus. Witthbways of counting, the
proportion of technical vocabulary is higher thha estimate.

Remember that TLUs in this study are a combinatioiWs with TNPs. TWs
include all types of single words technically usectlectrical engineering contexts.
Similarly, TNPs include all noun phrases used wiéitchnical meaning in the
engineering context. In the corpus from electrieagineering corpus, TLUsS cover
59.59 % of types and 26.57 % of running words (&&ae 6.2 below). These figures
include GSL words and AWL words technically usedhe context of engineering.

Table 6.2Proportion of vocabulary in electrical engineeraugpus

Kinds of lexical units Types Tokens Running
Words
Function words 150 54,550 54,550
(1.40 %) (50.75 %) (44.63 %)
General (GSL + General 2,343 25,833 26,239
NPs) (21.83%) (24.03%) (21.47 %)
Academic (AWs + 1,146 6,459 6,783

ANPS) (10.68%)  (6.01%)  (5.55 %)
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Table 6.2 (Cont.)Proportion of vocabulary in electrical engineeraagpus

Kinds of lexical units Types Tokens Running
Words
Technical (TWs + 6,395 18,475 32,467
TNPs) (59.59 %) (17.19%) (26.57 %)
Rare words 698 2,170 2,170

(650 %)  (2.02%)  (1.77 %)

Total 10,732 107,487 122,209
(100 %) (100 %) (100 %)

Assume that to understand a reading text, onesnekihow 95 % of running
words in the text (Laufer, 1989). From the “runnimgrds” column in Table 6.2, the
combination of general vocabulary (including fuoati words) (66.11 %) with
academic vocabulary (5.55 %) is about 71 % whichn® sufficient for
understanding, so for understanding the text leameed to know more at least 24 %
from technical vocabulary. With its high proportjoif learners do not know the
meanings of technical vocabulary or TLUs, they carmhecode meaning from the
text. Therefore, both TWs and TNPs have potental difficulties which are
discussed under the following two headings: (1ppbél for difficulties from single
technical words and (2) potential for difficulti#®sm technical noun phrases.

6.1.1.1 Potential for difficulties from single tehnical words (TWs)

Though TWs make up 6.88 % of running words fromwihele corpus
(see Table 6.1), they can cause difficulties forgleage learners since TWs are
comprised of different types of words (Chung andida 2004) and occur with high
frequency (Tagliacozzo, 1975; Yang, 1986; and Natk®01).Some common words

such GWs and AWs from everyday language can be wgbdechnical meanings in
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specialized texts. This can yield more problemthd learners ignore a TW which
occurs with high frequency in the text. They may owly lose some information but
potentially misunderstand the text as a whole. détails are discussed under the two
headings below.

A. Difficulties from common words with technical meaning

According to this study, TWs include general/coommwords,
scientific words, and indexical words (Martin,198%he last two kinds of words are
technically fixed in form and meaning to their dgimes while common words with
technical meanings are words from everyday languag#uding words from the
GSL and words from the AWL). Trimble (1985) inclsdthis type of word as ‘sub-
technical vocabulary’ as these common words vaeyr theanings according to the
context, and discusses that this type of word ease& problems to language learners.
For instance, the wordine’ from the sentencerhe current in the line drops quickly
is a word from the GSL but is used as a TW refgriia electric wire. In their
dictionaries, language learners might not find td&hnical meaning of this common
word that suit the context. As a result, they niginore some section with the
unidentified word and lose the information of tlett Common words can provide
different (technical) meanings when used in différeontexts and the prevalence of
these words can create more difficulties for leesriean do scientific and indexical

words (Kennedy and Bolitho, 1984; Higgins, 1985 andand Nesi, 1999).
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Table 6.3Technical words (TWSs) in the corpus

Words used as Types Tokens
technical vocabulary

Common words 289 2,836
(32.29 %) (33.74 %)
Scientific words 273 1,414
(30.50 %) (16.82 %)
Indexical words 333 4,156
(37.21 %) (49.44 %)
Total 895 8,406
(100 %) (100 %)

From Table 6.3, it is clear that common technigatds occur with a
high proportion in the corpus. The entire list V3 contains 895 types and 8,406
tokens. According to our 3-part classification ©NVs, general (technical) words
make up 289 types and 2,836 tokens; scientific wondke up 273 types and 1,414
tokens; and indexical words make up 333 types ah864tokens. The numbers of
types do not vary greatly but those of tokens ddyge/token ratio from these three
groups of technical words indicates that each commord occurs about 10 times;
each scientific words 5 times; and each indexiaaids 12.5 times. Some examples of

TWs are shown in Table 6.4 as follows.
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Table 6.4Examples of technical words which are generagrgdic, and indexical

Common Freq. Scientific Freq. Indexical Freq.
words words words

load 210 calculate 178 voltage 405
phase 189 system 129 current 388
frequency 154 bit 107 motor 332
output 100 curve 46 circuit 182
input 99 probability 44 electron 148
line 98 angle 28 transformer 145
terminal 88 binary 26 generator 143
rate 87 oxide 26 signal 137
mean 81 multiply 24 coil 111
gate 72 guadrant 24 capacitor 85

Table 6.4 shows some examples of TWs in termscahmon,
scientific and indexical words. Each type is exeafigal by the ten most frequently
found words in the corpus. From the ten common wandhe table, six word$o@d,
frequency, line, rate, meamndgate are high frequency words from the GSL; three
words (nput, out putand phas¢@ are AWs from the AWL; and only one word
(terminal) is from rare words, as it cannot be found in aitthe GSL or the AWL.
For examples from Dictionary.com (2007), the wolide’ can refer to & mark or
stroke long in proportion to its breadth, made wvatpen, pencil, toofor laymen, but
can refer to a wire circuit connecting to two or more pieces agparatus for
electrical engineering specialists. The wgrtdse may have &a stage in a process of

change or developmérds a general meaning, but might hatree‘fractional part of
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the period through which the time has advanced,somea from some arbitrary
origin often expressed as an angle (phase anghe),entire period being taken as
360 as a specific meaning to the electrical enginmegfield.

B. Difficulties from high frequency of TWs

TWs carry the meaning of the text and occur \Witih frequency; as a
result, they can cause difficulties for the eleariengineering students. What makes
TWs high in proportion is the nature of a spec&ldiacientific text. As electrical
engineering is a specialized discipline, a spexgdiitechnical vocabulary is used and
recycled to carry meanings of the content of te&lfiTo make it clear proportions of
single words in terms of content words are comparefiable 6.5 below. Remember
that NPs are not included here.

Table 6.5Proportions of content words in the corpus

Kinds of Vocabulary Types Tokens
General Content Words (GSL) 2,048 25,482
(45.12 %)  (60.34 %)
Academic Words (AWL) 898 6,172
(19.78 %)  (14.62 %)
Technical Words (Common + 895 8,406
Scientific + Indexical Words) (19.72%)  (19.90 %)
Rare Words 698 2,170
(15.38 %) (5.14 %)
Total 4,539 42,230
(100 %) (100 %)

From Table 6.5, among individual content wordsrdg from the GSL

have the highest proportion. Apart from the GWs,sThdve a higher proportion than
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other kinds in terms of tokens. This means thatepk GWs, TWs are used more
frequently than AWSs in electrical engineering capA type/token ratio of TWs is 1:
9.4; this is, one inflected form or type of TW ocEmore than 9 times on average. To
clarify this more, the most frequent ten TWs witighhfrequency are selected for
exemplification. Similarly, AWs, GWs and rare worale also selected as examples
and to compare with TWs. Note that we have excladeflinction words such dhe,

of, a, to in etc. which carry the non-specific meaning of teet. The examples of
these types of words with a high frequency of o@ure from electrical engineering
corpus are illustrated in Table 6.6 as follows.

Table 6.6Examples of single words with high frequency

General  Freq. Technical Freq. Academic Freq. Rare Freq.

words words words words
figure 596  voltage 405  equation 240  junction 86
show 580  current 388  source 165  series 85
use 576 motor 332  assume 143 magnitude 67
many 332 load 210  require 138  absorb 51
example 270 phase 189  energy 111 plot 32
value 235  circuit 182  device 107  column 28
same 220  calculate 178  obtain 96 slot 27
time 210  frequency 154  constant 87 versus 27
power 208 electron 148  section 87 typically 26
find 204  transformer 145  channel 85 drain 25

Anyhow, general content words are still highefrequency than other

types of words. Though GWs occur with high frequentey are not intended to
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carry the information of electrical engineering mes. This type of word, which
would be less likely to cause problems to the ezgyimg students, is not the focus of
this study. In contrast, used to carry meaningsheftext and recycled with high
frequency, TWs which are new or unknown to the etisl tend to cause more
difficulties than words of other kinds.

6.1.1.2 Potential for difficulties from TNPs

TNPs are frequently found in electrical enginegrcorpus and are
likely to cause difficulties for engineering stutienThey are composed of two or
more words, and composed of a head word and itsfieo(Modifier + Head word).
TNPs are multi-word lexical items which are alsdlamations (Moon, 1997). A
collocation is a word combination or a word thatomzurs with another word more
frequently than random (Gairns and Redman, 198@&ingar and DeCarrico, 1992;
and Willis, 2003). There is no exact criterion abbequency of co-occurrence of
words as collocations. Moon (1997) counted phrasesollocations per 1-4 million
words. Based on Moon (ibid.), Ward (2007) usesftbguency basis—three times of
occurrence from the corpus of 380,000 words—to taonn phrases as collocations.
If this criterion is applied with this study, it wil be found that out of 10,069
technical NP tokens, more than 49.5 % (4,984 tokanrs collocations. Multi-word
lexical units and collocations are still problematven to advanced foreign language
learners (see Bahns and Eldaw, 1993; Moon, 199¥ Nesselhauf, 2003) because of
their technicality, which includes specializatiamdaifficulty (Ward, 2007) as well as
the grammatical structure (nominalization) of itlividual word (Pueyo and Val,
1996). In this section, potential for difficultié#®m TNPs will be discussed in terms

of their frequency, semantic opacity, and gramnaastructure.



146

A. High coverage of TNPs and potential for difficuties

The proportion of TNPs indicates that noun phsasequently occur
throughout the texts and can be problematic toregging students as shown in
Chapter 6. With frequent use in the textbooksh& students do not know these
TNPs, they cannot comprehend the text in the t@kboThe findings show that
around 90 % of the entire NPs from the corpus &@9 leaving very few used as
GNPs and ANPs. Like that of TWs, the proportionTdfPs is high since TNPs are
intended to express technical meaning in the etattrengineering textbooks.
Complex noun phrases are formed and used as tethteeminology as a
consequence of the inadequacy of single words gothplex or scientific/technical
meanings. The creation of new terms through thealissomplex noun phrases is
therefore an alternative way to compensate for itssifficiency (Pueyo and Val,
1996), and TNPs are frequently recycled in eleakt@ngineering corpus.

Table 6.7 Technical noun phrases (TNPs) with high frequesfayccurrence

TNPs Frequency
reactive power 91
phasor diagram 60

power factor 57
induction motor 47
output voltage 42
equivalent circuit 38
received signal 38

transmitted signal 35
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Table 6.7 (Cont.)Technical noun phrases (TNPs) with high frequesfayccurrence

TNPs Frequency
electric field 30
terminal voltage 30

Total 468

Table 6.7 shows ten examples of TNPs which aréi-mvard units and
collocations, with the top-ten frequency in thectdeal engineering corpus, out of
5,124 TNPs. The phraseeactive poweris technical and occurs with the highest
frequency (of collocations) in the corpus. Interegy enough, neither of the
individual words from this phrase is of itself teatal though the phrase is technical.
Similarly, the phrasepower factotr contains two non-technical words. While the
word ‘power is a general word, the wordactor is an AW. These terms show that a
new terminology can be created from a combinationards as an NP and that GWs
and AWSs, when used or combined with other wordsamnelectrical engineering
context, can provide technical meanings.

B. The potential for difficulties from semantic opaity of TNPs

The semantic opacity of a TNP can cause diffieslito engineering
students. Semantic opacity is the obscurity of nmeaof a lexical unit. A word or a
phrase is opaque when its meaning cannot be dirdettoded from the individual
word, but depends on the context in which it occlireugh the head word of a noun
phrase provides the main information of the phraksoding meaning from the
whole phrase might not be done on a word-by-worsisbbut as a whole since the

meaning of a TNP relies on its technicality (Pueyal Val, 1996) which can result
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from its context and/or the relationship of itsiindual words (Carter and McCarthy,
1991). As with TWs, TNPs may comprise GWs, AWsenaords, scientific words
and indexical words. For example, the TNiPerage normalized powecontains three
individual words from which two wordsayerageand poweln are high frequency
words from the GSL and one wondofmalized is a word from the AWL. The phrase
‘torque speed characteristicalso has three single words—two wordpdedand
characteristic¥ are words from the GSL while the thidique is an indexical word.
From these examples, the head words of the twosphrpowerandcharacteristicy
are GWs, but these two phrases are technical becdubeir modifiers, which make
the meanings of the phrases technical. The measfimgdividual words from each
phrase, if directly decoded, does not make sensketavhole phrase or to the text.
This indicates that technical meaning of GWs andsA¥lies on its relationship with
other word(s) and the context in which they occur.

The TNPs containing GWs and AWs above are exanplemulti-
word lexical units which can provide semantic opaciccording to the criteria for
distinguishing multi-word lexical items from oth&inds of strings discussed by
Moon (1997: 44), TNPs fall into institutionalisati@nd non-compositionality both of
which represent collocations. A TNP as institutiaion refers to the one which
recurs and is considered to be a unit by the lagguammunity (engineering), for
example, output voltage, electric field, voltage gairetc. A TNP with non-
compositionality is one which can not be interpded@ a word-by-word basis but has
specialized meaning, for examplesyerse bias, reactive power, power fagtetc.

These TNPs are semantically opaque. To unpack thE&s or these collocations
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which are more specialized than individual worde students need experience or
knowledge of the specific discipline (Ward, 2008).2

C. Grammatical structure of TNPs and a potential fo difficulties

Apart from the relationship of words in a TNP tthean cause
difficulties to readers, grammatical structurethrs case nominalization, can also be
problematic to the readers. Individual words in &IPT are often created by
nominalization. Pueyo and Val (1996) remark thahitgcal terms themselves might
not be the cause of language difficulty, but thenplex relationships that words have
between them as technicality and the grammaticattsire that they hold can make
language difficult. Some nouns can be a produth@hominalization of propositions
(Halliday, 1988 and 1993) or the creation of a nemm with technical meaning for
specific use in a specialized field (Martin, 200t)was found from this study that
some nouns come from nominalization such sigspension, specification,
transmissionand violation. In fact, these nouns are nominalizd from vesbspend
specify transit, andtransmit These verbs are from the AWL but nominalized and
used with other types of words as TNPs likaspensioninsulators, system
specification transition region width, and codeiolations To deal with this type of
TNPs, readers need to be familiar with the grameahstructure of the words or the

process of nominalization which can be problematic.

6.1.2 Academic vocabulary: an overestimate by reaechers

Academic vocabulary in electrical engineering csrgonsists of AWs and
ANPs, and its proportion in these textbooks is drly68 % of lexical unit types and

5.55 % of running words. In detail, AWs contain@% of lexical unit types and 5.05
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% of running words, and ANPs have 2.31 % of lexigait types and 0.50 % of
running words. The total proportion of AWS with ABlkh term of running words is
close to that of Chung and Nation (2004) with 3.7n%n anatomy text and 6.9 % in
an applied linguistics text. However, these figuaes quite low, compared with the
study by Coxhead (2000) who created the AWL andndd that words from the
AWL cover around 10 % of running words in acadetaits. This 10 % of coverage
is the overestimate which appears in many studldss present study proves that the
AWL cannot be generalized, as a common core of svondacademic texts, to
textbooks in the electrical engineering disciplespecially since Coxhead did not
include engineering texts in her AWL corpus. Thtise use of the AWL in
vocabulary teaching for EAP electrical engineergan be an inappropriate focus
since there are many words from the lists whichelleetrical engineering students do
not need. The small proportion of academic vocaluia electrical engineering
corpus can be discussed under two headings, ).erd¢blems with homographs from
the AWL and (2) different distributions across dioes.

6.1.2.1 Problems with homographs from the AWL

Generally, words from the AWL have their commoeaming when
used in a general context, but can provide technimaanings in electrical
engineering. A word which can provide two or mor#fedent meanings is a
homograph. Words as homographs can confuse lande@gers with their meanings
when used in different contexts. Hyland and Ts80{2 postulate that the potential
homographs of AWL words reveal a considerable armainsemantic variation
across fields and some word families in the AWL hoemographs from different

disciplines. This implies that the meanings of sonwds from the AWL can be
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opaque and that these words cannot be groupecadsraic vocabulary. Words from
the AWL can be used as a head noun or a modifer.eikamples, powefactor,
voltageregulation and frequencgomainare formed by AWs which are italics and
used as head nouns whilgut voltage,output impedance, anghasedetector are
formed by AWSs (in italic) and used as modifiers.

Collocation of an AW with a GW, an AW with an AWt an AW with
a TW can form a TNP. Some AWs collocate with sonv¥sGand become TNPs in
the electrical engineering field. For example thardsg ‘reactive and ‘factor, which
collocate with the GW ‘power’ and becomeactive power’ and ‘powerfactor.’
Some AWSs collocate with other AWs and become TN&shsas reverse bias
‘contact potentigl ‘neutral region, ‘nomalized energy ‘phase rati4 etc. Some
AWs collocate with some TWs and become TNPs, fangXe, ‘induced voltage’,
‘equivalent circuit’, and tompleximpedance’. Though these orthographic words
belong to the AWL, their meaning becomes technioaing specific to the field of
electrical engineering. This suggests that AWs peovide their meaning by their
collocational and semantic behaviors, relying arthield of occurrence. In this case,
Hyland and Tse (2007) agree with Trimble (1985} #wdemic vocabulary can have
an extension of meaning in a technical context@rdhave different meanings when
used in different disciplines.

Since some words from the AWL are homographdemdnt criteria
and methods to identify and classify AWs can affédw proportion of academic
vocabulary. Coxhead (2000) classified academic lvaleay from its wide range and
high frequency, paying no attention to the real mmagof a word. Every single word

out of the GSL is counted as an AW with the cooditihat it occurs in a wide range
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of disciplines and with predetermined high frequenm matter if it is used with a
technical meaning. With this method, the proportidracademic vocabulary would
become higher since homographs were included viiéh AWL. In contrast, this
present study and the study by Chung and Natiof4(R@lassify technical words
according to their technicalness defined by thangascale, and academic words are
identified afterwards with the AWL. However, thisegent study is different from
Chung and Nation’s in the way that all complex nqhrases in this study are
excluded from the corpus before the rest or alileimvords are classified into groups.
With the rating scale, words are classified intougps based on their meanings and
the degree of technicalness (Nation, 2001 and ChandgNation, 2003-2004). By the
criteria from the rating scale, some GWs and AWedusith technical meaning in the
context are grouped as TWs. This results in a loweportion of academic
vocabulary. The other factor that causes a low gntagn of academic vocabulary is
the low proportion of ANPs. In fact, many wordsrfrahe AWL occur in the corpus
but most are used in NPs as TNPs. To sum up, thasion of homographs from the
AWL as academic vocabulary by Coxhead can resaltani overestimate and the
teaching of words with wrong meanings (inappropritid the context) to language
learners. Therefore, the AWL may need to be redensd by EAP/ESP teachers as to
whether it is appropriate for their courses.

6.1.2.2 Different distributions across disciplines

Distribution of AWSs varies according to disci@mor registers. Chen
and Ge (2007) found that though academic vocabuglawgrs around 10 % of medical
research articles, conforming to Coxhead’s findiragsund 292 AWL word families

or 51 % were frequently recycled while the restevaot. Findings from science,
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engineering, and social science subcorpora by Hy&m Tse (2007) reveal a good
overall coverage of AWs with 10.6 %, and 85 % wikembined with words from
the GSL, conforming to the results of Coxhead’'sO(®0 However, looking at the
distributions across subcorpora, they found thatetye36 word families from the
AWL were remarkably evenly distributed across h# three subcorpora from their
work, that 27 % of all the AWL families have veryw occurrence in a subcorpus,
and that the students have very low chance of emnedng these words. They also
found that the distribution of AWSs in the scienegdower than that of other fields.
Similarly, Coxhead (2000) found from her subcorpf@ammerce) that AWs occur
more, up to 12 %, while the other three subcorgdarss, law, and sciences) had
around 9 % occurrence. This implies that the oeture of words in the AWL differs
or varies according to different disciplines, ahdttthe lists from the AWL cannot be
equally applicable to all academic disciplines.

AWs do not have an equal number of uses in allikiof texts, so the
10 % coverage of AWL by Coxhead (2000) cannot bpliegh to the electrical
engineering field in which academic vocabulary eevenly 5.55 %—a very low
proportion. The AWL is not the common core of wontlgll kinds of academic texts,
and a generalization of the AWL to all EAP disangls would mislead all
practitioners of language teaching and learningctirally, the proportion of AWs
should be determined for an individual field as dexk resulting in a better
understanding of the occurrence of AWs and leadowgnore practical language

pedagogy in terms of vocabulary needs for an EABPS® course.
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To sum up, the coverage of academic vocabulagcademic texts has been
overestimated and used as a reference all ovewtnlel. The AWL by Coxhead
(2000) may not be used in language teaching foclafises, but in some disciplines
with care. ALUs (AWs and ANPs) overall, have lowverage in electrical
engineering corpus. On average, a running word fAdrtds occurs in the corpus
every 18 words. Some words from the AWL are homplgsaand can be used with a
technical meaning, and they are not equally usedllidlisciplines. In an electrical
engineering context, many AWSs are found being use@iNPs. This leaves a very
small proportion of ANPs. The low proportion of AEUtherefore, can be from AW
homographs as well as different disciplines. Thigplies that we should learn
meaning of words and phrases from the context tioeyr. Though the coverage of
ALUs from this study is quite low, this study daest mean to dilute the AWL or say
that the AWL is useless. The AWL is still usefudaraluable for studies in academic
vocabulary as well as for language pedagogy (Caxh2@00). However, the use of
the AWL must be undertaken with care, as discusssgecially with an individual

discipline.

6.2 Discussion of findings from the vocabulary test

Overall, subjects know more TWs than AWs and tkegw more AWs than
TNPs. This result is contrasted to that of Liu &ebki (1999) whose subjects knew
more AWSs than TWs. The difference of these twoistud that Liu and Nesi did not
include TNPs in their test, so we do not know #ittsubjects had problems with NPs
or not. The factor causing the contrast could loenfthe difference of learners as

subjects for these two studies. This study focuse3 hai undergraduates while Liu
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and Nesi's study looked at graduate students whee vgéudying abroad. Those
students might have studied English for living atadying overseas for a period of
time and learned some more AWSs, so they got higberes with this type of words.
TWs, therefore, became more problematic for thehough the subjects from this
study know more TWs than AWSs, they know more AWantiTNPs. This means that
TNPs are still difficult for them.

Apart from showing the subjects’ different knowdedof vocabulary, the
results show that the subjects from higher levalgehigher knowledge in vocabulary
than those from lower levels. The findings are ussed in details under two
headings, “knowledge in different kinds of vocalylaand “effect of study levels on

knowledge of vocabulary” as follows.

6.2.1 Subjects’ knowledge of different kinds of wabulary

The subjects know more TWs than other types oflolary (see Tables 7.8
and 7.9 below), perhaps, as a consequence of Ewaut with the engineering
context as well as technical texts in their fiefdlaf the high frequency of TWs in
this kind of text. TWs have more repetition than a\Whd TNPs. As a result, the
students gain more knowledge in TWSs than otherskfdexical units. In fact, TNPs
occur with higher proportion in all cases (lexioait tokens, types, and lemmas) than
do TWs. However, the frequency or the repetitionTBiPs is lower than TWs. This
could cause the students to acquire fewer TNPSTRhés

The electrical engineering students need to stdglish engineering texts
which lead them to repeatedly come across TWsardibcourse. Practically, students

tend to acquire items they need rather than the tmeght in sequence (Hyland and
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Tse, 2007). With this notion, the students woulddentally acquire vocabulary from
reading their course books, and repetition of gingbrds used in those books can

result in gaining word knowledge (Webb, 2007).

Table 6.8Subjects’ mean scores from different types of votady

Types of N Mean Std. Minimum  Maximum
vocabulary Deviation

Technical 104 20.6442 6.10255  7.00 30.00
Words

Academic 104 18.2692 6.16950  4.00 30.00
Words

TechnicalNoun 15, 166058 740168  3.00 30.00
Phrases

Total 312 185064 6.77046  3.00 30.00

Table 6.9Subjects’ knowledge in different types of vocabwular

Mean
Student’s knowledge of vocabulary Difference Sig.
Technical words > Academic words 2.37500* .035
Technical words > Technical noun phrases 4.03846*.000

*The mean difference is significant at the .05 &idlevel respectively.

AWSs, in contrast, are used and recycled in elegtengineering text in much
lower numbers, referring to the findings from tleepus. Importantly, they are not the
ones carrying the major meanings of the textssseece, they are not the word focus
of the texts. In fact, the students might be ablednstruct the meaning of the text
from technical and other high-frequency words, Beytmight ignore or pay less
attention to AWs. (This assumption would need fertlresearch.) With low

proportion and non-essential meaning in an eledtrengineering text, it is not,
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therefore, surprising that the students know feww/s than TWs and got lower
scores in this type of word than from TWs.

Among three types of vocabulary, TNPs would be endifficult for the
electrical engineering students. Table 6.8 shoasttie mean score from TNPs is the
lowest. This result from the test is consistenbttzer research studies which indicate
that complex noun phrases can cause more problereammers than single words

(Trimble, 1985; Yang, 1986 and Peuyo and Val, 1996)

6.2.2 The effect of subjects’ levels on knowledg@é vocabulary

Subjects’ levels of study have an effect on tkewwledge of vocabulary. The
subjects from higher levels know more vocabulaantithose from the lower ones,
with a significant difference (see Tables 7.10 &l below). This implies that the
subjects from higher levels would likely gain th&mowledge of vocabulary along
with the time and with their study in the subjexa In fact, the third and fourth-year
students have no more English courses to enrotlthmy need to study electrical
engineering corpus (written in English). In thesedhat they have lower knowledge
of vocabulary than 95 % of running words, they néedcheck, study or guess
meanings of unknown words which repeatedly ocauthsy can implicitly learn new
words from their reading. This implicit learning “istrongly affected by repetition”
(Nation, 2001: p. 34). To elaborate, the studes#sl fEnglish textbooks in their field
and learn TWs and TNPs from their reading (for nmeg@n The second-year students
have just entered the field, so they know the least got the lowest scores. The
fourth-year counterparts have spent longer timen tbhthers, so they learn more

vocabulary than do others.



Table 6.10Mean scores from different levels of the subjects

Students N Mean 5 S.td.' Minimum  Maximum
eviation scores scores
2"year 35 38.6857 11.82662 15.00 65.00
34 year 34 59.1765 16.57210 24.00 84.00
4" year 35 68.8000 12.48481 41.00 87.00
Total 104 55.5192 18.60785 15.00 87.00

Table 6.11Vocabulary knowledge of the subjects from différenels

Vocabulary Mean Sig.
knowledge from Difference
different levels
3"year > ¥ year 20.49076*  .000
4" year > year 30.11429*  .000
4" year > & year 9.62353*  .017

*The mean difference is significant at the .01 &bfsllevel.
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Compared with the third-year and the fourth-ygadents, the second year

students have got less experience in their sulajexs, so they have learned fewer

TWs and TNPs than their seniors. The findings abow that the second-year

students’ knowledge of TWs and AWs have no sigaiftcdifference since the mean

scores from both kinds are quite close, while ttieiotwo levels do (see Tables 7.12

and 7.13 below). Also, the second-year studentsvkmore AWSs than TNPs with a

significant difference, while the other higher lvdo not. Therefore, the teaching of

vocabulary in EAP for the second-year students sieedhclude TWs and TNPs.
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Table 6.12Mean scores from different types of vocabulary cared within the same

level of the subjects

Level Types of N Mean Std. Min.  Max.
Vocabulary Deviation

2"year TWs 35 14.6857 3.87125 7.00 25.00
AWs 35 14.3429 5.15034 4.00 29.00
TNPs 35 9.6571 4.22139 3.00 18.00
Total 105 12.8952 4.97092 3.00 29.00

39year TWs 34 222941 5.21960 9.00 28.00
AWSs 34 18.2059 5.94306 6.00 28.00
TNPs 34 18.6765 6.66843 4.00 28.00
Total 102 19.7255 6.19191 4.00 28.00

4" year TWs 35 25.0000 3.54799 15.00 30.00
AWs 35 222571 471757 14.00 30.00
TNPs 35 21.5429 5.08945 10.00 30.00
Total 105 22.9333 4.70120 10.00 30.00

Table 6.13Subjects’ knowledge in different types of vocabyleompared within the

same level of students

Mean

Levels Students’ knowledge of vocabulary Difference
Sig.
o™ year Technical words > Technical NPs 5.0285(*) .000
Academic words > Technical NPs 4.6857(*) .000
3%year  Technical words > Academic words 4.0882(*) .022
Technical words > Technical NPs 3.6176(*) .049
4"year  Technical words > Academic words 2.7428(*) .043
Technical words > Technical NPs 3.4571(%) .007

* The mean difference is significant at the .01 gsllevels.
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6.3 Implications for EAP/ESP course/material desigers, language

teachers and electrical engineering students

This corpus-based study does not aim to validate kind of word lists or
vocabulary teaching methodologies. Instead, it gmamlucted to gain more insight on
the occurrences of types of vocabulary in contexwell as to raise language teachers
and material designers’ awareness of vocabulamghieg in EAP/ESP for electrical
engineering students. Also, the findings from thst tprovide implications for the
electrical engineering students to realize themvidedge of vocabulary so that they

know which vocabulary to study and learn more.

6.3.1 Course/material designers

The findings from the corpus are vocabulary letsl their proportion. This
can be guidance for course and material desigridiey can make use of the
vocabulary lists from this study and include themBEAP/ESP course and teaching
materials, especially the list which have high pmipn and potential for difficulties
for electrical engineering students. As the findifigm the test show that overall the
students had the problems with technical noun gistabat the second-year students,
who are required to enroll in EAP courses, didkmaiw technical words significantly
than academic words and that both technical nowasels and technical words occur
with high proportion in the electrical engineeritgxtbooks, course and material
designers should emphasize both technical noursesirand technical word and put

them in the course/ teaching materials for elegtengineering students.
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6.3.2 Language teachers

The findings from this study contribute some ihsitp EAP teachers to some
extent. At least, the teachers know that techniesical units have a very high
proportion in the electrical engineering corpus letdacademic lexical units have a
very low coverage in the same corpus and that ebersl-year engineering students
had problems with technical lexical units. Thesadifngs can be applied in EAP
course for the students in question, to help thdesits improve and reinforce their
knowledge of the vocabulary as well as their apiiit reading comprehension. The

teaching of EAP vocabulary will be discussed iradet 6.4.

6.3.3 Electrical engineering students

The findings from the test show that the studdvage more problems with
technical noun phrases. This indicates that theulslhpay more attention on learning
these noun phrases, not only what they mean buttheyare interpreted. Also, they
need to pay attention to homographs from the AWiLthis case they need to learn
both the common meaning as well as the technicanimg of these homographs
according to the electrical engineering contexsoAlthey must be aware that some
general words from the GSL can provide technicahmmeg when used in electrical
engineering.

Lists from this study are merely an example ofedént types of vocabulary
for the electrical engineering students thougheHests tell only type of vocabulary,
not meaning. However, the students can check theaning by using a specialized

dictionary and/or by asking for meaning from bdthit subject and EAP teachers.
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6.4 Implications for EAP/ESP vocabulary teaching

The results from the study reveal some implicaitor vocabulary teaching.
However, the findings from the corpus suggest wbdbcus on while the findings

from the test suggest a different focus at diffetewvels of study.

6.4.1 Implications for teaching technical vocabuairy

In teaching vocabulary, words with high frequerare a focus of learners’
attention (Nation and Newton, 1997). As EAP couraes intended to reinforce
students’ ability to deal with their English textds (for engineers), TWs and TNPs,
should receive more attention than AWs and ANP&das their high coverage. In
fact, general vocabulary in this present studythashighest proportion in tokens and
running words (see Table 6.1). However, it includdisfunction words with 150
types, most of which are high frequency wordsh# function words are excluded
from GWs, general (content) words will remain 2,G¢Bes. Technical vocabulary
including TWs and TNPs, therefore, covers a high@portion than those of other
kinds, with 6,395 types and 32,467 running wor@e (Fable 6.2).

With its high proportion and high frequency incttecal engineering corpus,
both language teachers and material designersdimmiide technical vocabulary in
the process of language teaching in EAP/ESP cldssethe engineering students.
Since difficulties seem to emerge more from mulbirel lexical units than single
words, in vocabulary teaching, relationships ofdgoin context should be given more
attention. Yang (1986) suggests that in syllabusgemulti-word terms should be

emphasized more than isolated single words.
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To help learners deal with TWs, Chung and Nat@®08) recommend that
learners be helped in TW recognition and TW leagnifhey suggest that language
teachers help the students learn the skills to detl TWs by recognizing TWSs,
interpreting meaning, relating sense to a core mgamand learning word parts. To
recognize a TW, learners can observe clues sudefastion, special letter formats,
specialized use in diagram. Examples of clues afellows.

e Semiconductors are a group of materials havingtratat conductivities
intermediate between metals and insulat@istinition)

e The combination of the winding resistance is catleglequivalent resistance
and the combination of the leakage reactances lisdcdéhe equivalent
reactance (special letter format)

Apart from clues, learners can also recognize Tk frepetition of words as TWs
occur more frequently in specialized text. The daling excerpt exemplifies the
repetition of the wordcurrent and the noun phrasendependent current source
which are TLUs in electrical engineering.

An ideal independerturrent sourceforces a specifiedurrent to flow

through itself. The symbol for an independeutrent sourceis a circle

enclosing an arrow that gives the reference diattior thecurrent. The

current through an_independerdurrent sourceis independent of the

elements connected to it and of the voltage adtoss
Learners can learn new words by checking theirmmgafrom the dictionary.
In the case that it is a general or an AW but tedily used, they may check if the
technical meaning relates to the common core mgamiithe words. However, it is

common that learners cannot find a meaning whiclkemaechnical sense in the



164

context from a general dictionary. If so, learneegd to guess its meaning from the
context. Some learners may be able to do thisstnme may not and may ignore them
as well as lose the information the word and th&exd can give them. Therefore, it
would be worthwhile and helpful for learners to ghase a reputable dictionary in
their field (Trimble, 1985). Another way to learnsangle word is to establish the
meaning based on its relationship with other wardsis collocations by the use of
concordances. With concordance lines, learners hageeater chance to see words
used in the context and to induce their meaning @ndearn their grammatical
patterns from them. Using this method, learnersleam words productively (Chung
and Nation, 2004).

In terms of complex noun phrases as TNPs, learmerg need help with
recognition of the relationship of words and thgiammatical structure to unpack
information from groups of words. Pueyo and Vaf9@) remark that learners will be
able to better understand the complexity of tecnenguage in specialized texts if
they can unpack the information technical termsdhbkough the different lexico-
grammatical structures. They suggest that nomiaiidiz processes be introduced to
learners—how a single name is changed to a noraatadn and how nominalizations
are turned back into processes. With more comptewimal groups, identification of
head nouns and important modifiers are good peadbc learners. Knowledge of
grammatical structures of noun phrases would helgldp learners understanding of
how nominalizations and nominal groups are usetgchnical text (Pueyo and Val,
ibid.).

To unpack information from noun phrases, Trimdle85) proposes a useful

way with the individualized assignment approacharbers are asked to bring with
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them some subject-matter reading excerpts with mbuwases or compounds for class
discussion on translating and paraphrasing. Wheaspk are too technical to deal
with in language classes, one way to help leawélsthose TNPs is to have learners
ask for meanings from subject teachers. Trimble&%1936) argues that non-native
language learners “are hesitant to show their gmoe before subject-matter teachers
(but not before English teachers).” He recommehds language teachers have lists
of noun phrases and ask for clarification of megsifrom appropriate (subject)
teachers. This approach is useful for making aJilech can be used with future
classes (Trimbldbid).

An alternative way is to introduce learners tolamtions and involve them
with noun phrases as collocations. To multi-woslnis as collocations, Moon (1997)
adds “Their non-compositionality, whether syntacsiemantic or pragmatic in nature,
means that they must be recognized, learned, ddaot encoded as holistic units.”
She points out that frequency is “a useful criterior judging which items should be
taught’—very frequent items should be prioritized language teaching while
infrequent ones might be taught as receptive vdeap(p. 61). What is more, multi-
word items must be classified by subject area alvdreaced learners should be made
aware of the range of types of multi-word items ahé differing degrees of
transparency and opacity (Glaser, 1988: 264; quoyddoon, 2007: 61).

In terms of language teaching, Ward (2007) disesissaching collocations in
two parts: teaching individual collocations, andd@ng collocations as a class. In
term of individual collocations, he confirms invelment of active elaboration of the
items orrich instructionby Nation (2001) and redundant exposure to tanget or

reading plusby Paribakht & Wesche (1996) and Wesche and Rdrib¢g2000).
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Teaching collocations as a class has two stepsingastudents’ awareness of the
existence and frequency of collocations and teachtime process of reading
collocations as chunks. Learners’ knowledge ofcomations does not develop in
parallel with their knowledge of general vocabulahy reality, English language
learners know more general vocabulary than coliooat In language teaching
collocations have been neglected, and languagendesardo not realize that
collocations can pose potential problems in languagrning. Therefore, collocations
should be taught in EFL contexts (Bahns and EId#®83).

For language teachers, teaching technical vocgbulan be problematic.
Chung and Nation (2003) argue that language teadtresw nothing or very little
about technical subjects. In EAP classes authemditerials cannot be avoided. It is
doubtful how language teachers can improve readmgprehension and check
learners’ understanding if they themselves do eally know about the content. With
the use of authentic texts, language teacherseean,lin time, some content and TWs
while they are teaching and working with EAP/ESEheowise they will not know
what they are dealing with. Study of the conterfbleeteaching can be accomplished
by consulting an engineering encyclopedia and/ d@h vengineering specialists.
However, this could be more problematic if languag@chers are not selective in
using authentic texts with technical content faydme their capability. Language

teachers, therefore, need to be careful with tebetcsion for EAP/ESP classes.

6.4.2 Implications for teaching academic vocabulg

The words contained in the AWL are unlikely to deequal value to all

students, and many words will be of almost no osgtudents at all (Hyland and Tse,
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2007). They add that teachers have to recognizestbdents in different disciplines
need different ways of using language and so teactennot depend on a list of
academic vocabulary. The AWL seems most usefuludesits in computer sciences,
where 16 % of the words are covered by the lisitgrly and Tse, 2007), but it is not
very useful to the electrical engineering studdrtsause many words from the AWL
are used with technical meaning in this field. Tdglouhe proportion of AWSs in
electrical engineering corpus is quite low and ANgL would likely become invalid
for this study field, totally ignoring this type aford would spoil learners’ vocabulary
knowledge. The electrical engineering students megd to study texts from other
related fields, which might contain more AWSs, ae tture of engineering is an
applied science.

However, the teaching of academic vocabulary shbel conducted with care
since some AWs provide different meaning in tecaingontexts. Wang and Nation
(2004) argue that polysemes should have a commderiying meaning and the
central concept behind a variety of uses shouldrbphasized. They added that this
should also be done with AWSs used as technicaldefinere are two ways suggested
for language teaching by having learners study fremtries and sub-entries in
dictionaries and learn from concordances. Throbgluse of a dictionary, learners try
to identify the common core, or unifying definitioby relating sub-entries to each
other. For example, suppose the enplgdsé as a noun (from Dictionary.com) has 6
sub-entries:

1. any of the major appearances or aspects in whilsing of varying modes or
conditions manifests itself to the eye or mind.
2. astage in a process of change or development: fiteade of life brings its own joys.

3. aside, aspect, or point of view: This is only phase of the question.



168

a state of synchronous operation: to put two meshanin phase.

(Chemistry) a mechanically separate, homogeneat®fpa heterogeneous system:

the solid, liquid, and gaseous phases of a system.

6. (Physics) a particular stage or point of advancenmea cycle; the fractional part of

the period through which the time has advancedsuared from some arbitrary origin

often expressed as an angle (phase angle), thie patiod being taken as 360°.

From these sub-entries, the students may work ithaly or in pairs to find the core

meaning of the wordphasé.

By concordances, learners may internalize wadd a variety of their

meanings by looking at clues to different meaningmf concordance lines and

studying from word type and collocations as welltlas relationships of words in

context. For example, the concordance lines ofvbiel “phasé are shown below.

OCoOoO~NOOITh~WNPE

10
11
12
13
14
15
16
17
18
19
20

munication systems is tiphaselocked loop , whic
main job is to track thehaseof the carrier of
mpairments to the carriphaseand frequency. Acc
uctuations in the carriphaseand frequency be r
amplitude, frequency, amhaseof the input signa
we select the approprigtbasedetector. The outp
umption is related to thEhasedetector, whose ma
he difference between tphaseof the input signa
d the output signal . ThEhasedetector can have
lysis, we will consider phasedetector whose out
on of What is the maximuphasedeviation for ? Wh
e T (t) as represents thieaseerror, which is th
he difference between thhaseof the input signa
a perfect tracking of thghaseof the input signa
S a representation of thkaseerror in the compl
tion is the output of thehasedetector. Figure s
Figure shows one type piasedetector, called a
tector, called a sawtogpihasedetector. This pha
ooth phase detector. Tiplsasedetector has a lin
Note, however, if thehasedifference suddenl

From these concordance lines, the students camtle@amword phasé used in the real

context and at least they will see that this wooduos regularly with detector.

Thurstun and Candlin (1998) confirm that the useaicordances provide learners
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with “experience of the language with insights intwllocations...linked to
opportunities to develop students’ analytical éledi” and the use of concordances is
valuable for both a teacher-mediated workshop forama for independent study.
However, they argue that too much exposure to acolacwme lines or dependence

merely on deduction from concordances can boréstiraers.

6.4.3 Implications for teaching learners from diferent levels

EAP/ESP engineering classes are offered to segeadstudents who have
met the requirements of general English courses.stbre results of the second-year
students reveal that the mean scores between TWsAWSs have no significant
difference but the mean scores of both AWs and BWMswv a significant difference
with the mean scores of TNPs (see Tables 7.8 &)d This implies that the second
year students still have problems with all typesafabulary, especially with TNPs.

However, the findings give two perspectives forFFBSP classes. The first
perspective is for the EAP/ESP beginners like theosd-year students. In term of
lexical units, this group may need to learn morePEESP lexical units apart from
words from the GSL. EAP/ESP vocabulary includes Add TWs as well as ANPs
and TNPs. ALUs are not problematic to languagehtescas this type of word can be
found in dictionaries, unlike those used as TLUBUS could be more difficult for
language teachers to deal with as their meanirg®aund with the context in which
they occur. Some TWs can be found in normal dieti@s, but most of them can only
be found in specialized dictionaries. However, uke of dictionaries is only one way
to help the students learn new words. There areesuihrer ways to teach new words,

for example, the use of concordances, word cardg] warts, etc. A good method for
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language teachers is to consult with the subjexthiers. Language teachers can learn
a lot from subject teachers and can apply the kedgé to future classes.

The second perspective is for advanced level EAP/Elasses like the fourth-
year students or the first-year master degree stad&his group knows more TWSs
and AWs and even TNPs, so vocabulary teaching nodybae the main focus, in
contrast with beginner classes. The students meg ttelearn other language skills in
order to deal with advanced textbooks, researcm@is, research studies and other
related printed materials. When teaching this leveteds analysis should be
implemented and conducted with the students. Aldhst, language teachers should

talk to the subject teachers to determine theugoc

6.5 Limitations of the study

This research study applied the Rating Scale bednanual analysis, both of
which revealed limitations of use and might havesiact on the research findings to

some extent. The use of both methods, thereforst bmuhandled with care.

6.5.1 The use of the rating scale

The Rating Scale is considered more reliable to#mer methods, for
identifying technical vocabulary (Chung and Nati@903-2004), but this method
must be used with care. To identify TWs and to sifgsghem into groups with the
Rating Scale requires the researcher’s intuitiotherresearcher’'s knowledge of the
discipline and its related fields. To put the womdgroups according to the degree of
technicalness can be problematic if the researdbes not really know where the
words belong. Though the use of a dictionary igpful it is tedious and time-

consuming to check every word against the dictipnar
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The use of the researcher’s intuition can be & fd this research tool in
terms of reliability. To raise its level of relidiby, the inter-raters, who are experts in
the field, are involved by checking whether thedatvords by the researchers are put
in the right groups (depending on each expert'sition). The consistency of
intuitions would indicate the reliability of the ®Rag Scale. However, the inter-rater
reliability is normally checked after the analys&s been done by the researcher. The
consistency or the reliability cannot be 100 %, #msl means some words are put into
the wrong groups. For example, in this study, tbascstency of the Rating Scale
from three inter-raters and the researcher is 9UK&.other 10 % is not actual errors.
It is the inconsistency of intuition among the mtaters and the researcher. This
means that from 100 words, the researcher clag®flewords into the right groups
for sure but the other 10 can be into the rightmoong groups or categories. To
conclude, the use of the Rating Scale needs aléugth of intuition or knowledge on

the part of the researcher.

6.5.2 The manual analysis of the corpus

The identification of noun phrases was done maywath the predetermined
criteria. This process was especially time-consgnsimce the researcher needed to
go through the corpus line by line searching fomptex noun phrases and taking
them out of the corpus. These noun phrases welgzadaseparately from single
words. As this manual analysis is time-consumintnits the size of the corpus for a
study with a limited amount of time. The corpustims study contains 122,209
running words. The researchers needed to look girall these words for noun

phrases. The classification of words into categowas also conducted manually after
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the single words are made lists by the use of avaoé program. The researchers
needed to check every word from the lists agaimstctiteria from the Rating Scale.
The lists would be longer and the analysis wouke ta longer time if the size of the
corpus were bigger. In essence, manual analysteeotorpus can limit the corpus

size for a study with time constraints.

6.6 Suggestions for further research

This research study was conducted on a small soaderestricted to the
electrical engineering field. It was limited by thee of manual analysis which leads
to a small corpus. However, this study offers senmggestions for further research.

1. Replication of the present study can be dona lamger scale, and electrical
engineering corpus from other publishers shoulthbleided.

2. Replication of the present study can be donk atiter engineering fields or
with other EAP/ESP classes. The findings would &ndbnguage teachers to
effectively manage their EAP/ESP classes.

3. Extension to other aspects of language aparh fvocabulary can be
conducted. Practically, needs analysis of langdag&AP/ESP should be done for
guidance in language teaching so that the teadbeus on teaching what learners

really need.

6.7 Conclusion

The use of corpus linguistics to study the prdpog of vocabulary in
electrical engineering corpus results in insights fanguage teachers on the

perspectives of types of vocabulary in a specidlitext as well as implications for
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EAP/ESP pedagogy. The first insight involves thepprtion of technical vocabulary.
This type of word was estimated at only 5 % of ingnwords in academic texts
(Nation, 2001). In fact, the percentage of technumeabulary varies according to
disciplines. For example, in electrical engineegongpus, technical vocabulary occurs
in 26.57 % of running words. This indicates thathtacal vocabulary is found in a
very high proportion in these textbooks and carbeignored. The second insight
involves academic vocabulary. Academic vocabulay lbeen estimated at around 10
% of running words in academic texts (Coxhead, 2&0® Nation, 2001), and made
out to be the ideal focus of vocabulary teachinge lthat of technical vocabulary, the
proportion of academic vocabulary varies accordiagfields or areas of study
(Hyland and Tse, 2007). In electrical engineeriagpas, academic lexical units make
up only 5.55 % of running words. This finding indies that those experts have
overestimated the proportion of academic vocabuday mistakenly put the focus of
vocabulary teaching on this type. In fact, the b#ag of academic vocabulary should
be effected with care since some AWSs are usedchsital terms. In essence, some
AWSs have homographs with technical meanings.

The third insight involves the presence of wordsclv do not occur alone but
in groups. This study, with classification of woralsd phrases, reveals more realistic
proportions of vocabulary. Complex noun phrasesigeomeaning based on words in
their groups. Two or more common words, includimgdemic vocabulary, can be
used together as a technical term with a meanimnguarto the context. Separating a
noun phrase into individual words impairs undergtag of the real meaning of that
phrase. This study separated single words from rghuases and found that noun

phrases made up 20.80 % of the corpus or 25,4289 nmgirwords, and 94.62 % or
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24,061 of these running words were used as tedhtecans. Therefore, studies

conducted looking at individual words only distéine real proportion of technical

vocabulary since most noun phrases are used asidackerms. This is misleading

for language teaching in EAP/ESP classes. In mmctnaterials designers and
language teachers should include (technical) nduases in teaching materials since
this type of vocabulary is considered more probksta language learners.

The vocabulary test also provides some insightdeamers from different
levels with different knowledge of vocabulary. Thgpothesis from this study that
engineering students know more academic vocabulaay technical vocabulary
proved untrue since the results show that they kmmse TWs than academic ones.
The other hypothesis that the students know more Th&n TNPs held true. Still, the
findings from the test reveal that students froghbr levels know more vocabulary
than those from lower ones. This suggests thanégarfrom different levels have
different language needs. While the second-yeatesitis may need to learn more
technical vocabulary, the third and fourth-yeardstuts may need some other
language skills to deal with more advanced textghBindings from the corpus and
the vocabulary test yield some implications for HAPP pedagogy. Technical
vocabulary, including TNPs should be included ingiaage teaching, especially for

second-year students who are beginners in EAP/ESBes.
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The Electrical Engineering Textbooks Used in the Study

ISBN AUTHOR TITLES No. of pages
Harold P.E. Stern, Samy | Communication

0-13- A. Mahmoud, and Lee Systems: Analysis and

040268-0 Elliott Stern, 2004 Design 90 pages
Electrical Machines,

0-13- Drives, and Power

098637-2 Theodore Wildi, 2002 System 94 pages
Electrical Engineering:

0-13- Principles and

061070-4 Allan R. Hambley, 2002 | Applications 91 pages

0-13- Electrical Power and

080182-8 Timothy L., 2001 Controls 88 pages

0-13- Ben G. Streetman and Solid State Electronic

026101-7 Sanjay Banerjee, 2000 Devices 94 pages
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The Number s of Random Pages from the Textbooks

Communication Systems: Analysis and Design: 1, 12, 24, 27, 33, 44, 49, 52, 54,
61, 84, 97, 98, 106, 124, 125, 126, 128, 134, 143, 149, 153, 155, 156, 164, 166, 167,
172, 174, 182, 188, 192, 197, 198, 206, 207, 212, 214, 222, 238, 243, 246, 247, 249,
257, 259, 264, 268, 270, 307, 308, 309, 320, 328, 333, 342, 345, 360, 362, 363, 366,
367, 370, 374, 376, 380, 388, 395, 400, 403, 405, 409, 414, 421, 424, 428, 429, 448,
450, 456, 459, 463, 464, 465, 471, 479, 491, 501, 502, 505 = 90 pages

Electrical Machines, Drives, and Power System: 3, 6, 13, 18, 24, 30, 38, 51, 54, 57,
69, 70, 76, 79, 84, 91, 95, 109, 115, 116, 123, 127, 139, 145, 146, 161, 166, 172, 178,
200, 204, 206, 223, 224, 229, 230, 239, 254, 260, 290, 299, 308, 320, 334, 341, 345,
352, 354, 362, 363, 367, 369, 382, 395, 396, 420, 439, 443, 444, 448, 463, 466, 469,
471, 476, 512, 513, 517, 520, 528, 530, 534, 554, 557, 586, 619, 622, 623, 631, 648,
649, 655, 673, 701, 706, 708, 709, 732, 740, 756, 774, 775, 779, 783, 790 = 94 pages
Electrical Engineering: Principles and Applications: 26, 38, 64, 70, 79, 83, 84, 88,
105, 112, 113, 116, 123, 125, 151, 168, 184, 187, 189, 197, 200, 201, 212, 216, 217,
229, 245, 251, 262, 265, 275, 283, 305, 323, 325, 330, 346, 351, 354, 395, 412, 418,
420, 448, 466, 472, 477, 494, 502, 504, 512, 515, 523, 531, 542, 548, 551, 554, 557,
558, 572, 579, 581, 587, 589, 592, 605, 610, 621, 626, 628, 639, 640, 646, 656, 658,
661, 673, 675, 710, 714, 720, 730, 739, 741, 756, 761, 767, 779, 790, 794 = 91 pages
Electrical Power and Controls: 8, 15, 18, 27, 31, 43, 50, 53, 68, 70, 75, 91, 93, 97,
106, 108, 109, 111, 114, 117, 118, 122, 127, 131, 133, 135, 137, 150, 155, 157, 174,
179, 180, 182, 183, 184, 188, 198, 200, 202, 210, 223, 227, 230, 237, 242, 247, 254,
259, 263, 271, 276, 278, 282, 286, 295, 300, 301, 305, 311, 322, 323, 338, 340, 341,
343, 344, 347, 351, 360, 363, 374, 375, 376, 382, 386, 388, 389, 392, 408, 411, 424,
425, 427, 429, 432, 453, 454, 458 = 88 pages
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Solid State Electronic Devices: 1, 7, 38, 39, 41, 44, 47, 50, 51, 53, 70, 72, 75, 86,
101, 106, 115, 128, 134, 144, 148, 152, 156, 161, 163, 168, 172, 174, 180, 183, 187,
190, 193, 201, 207, 215, 221, 225, 232, 234, 242, 245, 247, 248, 253, 255, 263, 267,
271, 272, 279, 283, 285, 288, 292, 308, 315, 325, 327, 328, 331, 335, 339, 352, 381,
382, 386, 398, 401, 404, 409, 415, 416, 417, 418, 423, 425, 443, 445, 453, 454, 458,
459, 460, 467, 468, 476, 482, 485, 491, 502, 508, 513, 515 = 94 pages



APPENDIX C

Letter of Permission from Pear son Education

ONE LAKE STREET MARY ANN BROADNAX
UPPER SADDLE RIVER, NJ 07458

1 (201) 236-3263 PHONE
Educatlon (201) 236-3290 FAX

maryann_broadnax @prenhall.com

Pearson

March 1, 2006

Mr. Sukhum Wasuntarasophit
Suranaree University of Technology
111 University Avenue, Muang District
Nakhon Ratchasima 2230000

Thailand

Dear Mr. Wasuntarasophit:

You have our permission to include in your research study on technical vocabulary in electrical
engineering lextbooks, random words from our books: Communication Systems:Analysis and Design
1/e by Stern and Mahmoud ISBN#0-13-040268-0, Electrical Machines, Drives, and Power System
5/e by Wildi ISBN#0-13-093083-0, Electrical Engineering:Principles and Applications 1/e by
Hambley ISBN#0-13-061070-4, Electrical Power and Controls 1/e by Skvarenina and DeWitt
ISBN#0-13-080182-8 and Solid State Electronic Devices 5/e by Streetman and Banerjee ISBN# 0-
13-025538-6.

Permission is for random pages from the books listed above to be scanned with a software program called
“randaomono”. Permission to scan these books is ONLY for the purpose of a research study on technical
vocabulary in electrical engineering textbooks, for a thesis being done by Sukhum Wasuntarasophit at
Suranaree University of technology. The purpose of this study is to identify and count the number of
technical words, only the frequency of use of the technical words will be reported. Copies of this thesis
will be given to the National Research Bureau, the National Library and one will be kept by Mr. Sukhum

Wasuntarasophit.

All of the scanned copies of our books listed in this letter are to be destroyed, once all of the material
needed to complete this thesis has been retrieved.

Permission does not allow the reproducing of any material in this text copyrighted in or credited to
the name of any person or entity other than Pearson Education, Inc. Should you desire to use such
material, you must seek permission directly from the owner of that material.

The following credit line must appear with our content- Stern, P.; Mahmoud, Samy
A.;Communication Systems:Analysis and Design 1/e ISBN# 0-13-040268-0©2004 Reprinted by

permission of Pearson Education, Inc., Upper Saddle River, New Jersey.

Wildi, Theodore; Electrical Machines, Drives, and Power System 5/e ISBN#0-13-093083-0©2002
Reprinted by permission of Pearson Education, Inc., Upper Saddle River, New Jersey.

Hambley, Allen R.; Electrical Engineering:Principles and Applications 2/e ISBN#0-13-061070-
4©2002 Reprinted by permission of Pearson Education, Inc., Upper Saddle River, New Jersey.

Skvarenina, Timothy L.; DeWitt, William E.; Electrical Power and Controls 1/e ISBN#0-13-
080182-80©2001

Streetman, Ben.; Banerjee, Sanjay.; Solid State Electronic Devices 5/e ISBN#0130255386

e
A
Mary Ann Broadn 4

Permissions Ad strator



APPENDIX D

Interrater Reliability

The Rating Scalefor Identifying Technical Vocabulary

Group 1:

Wordsthat are classified as function or grammatical words, including articles, demonstratives,
prepositions, question words, auxiliaries, modals, pronouns, possessives, ordinals, cardinals,
conjunctives and some adverbs. These words are, for examples, the, this, with, what, to, do,

will, we, its, and, moreover, always, and while.

Group 2:

Content words including nouns, verbs, adjectives, and adverbs that are used both inside and
outside the field of electrical engineering with no specialized meaning related to the field. They
are content words i.e. houns, verbs, adjectives, and adverbs, for examples condition, obtain,

reliable, and heavily.

Group 3:

Content words including nouns, verbs, adjectives, and adverbs that are used both inside and
outside the field of electrical engineering with meaning related to words from Group 4 & Group
5. They describe the processes, functions, features, properties, items, and materials. When they
are used in the context of electrical engineering with words from Groupl & Group2, their

meaning istechnical for examples, current, gate, and frequency.

Group 4:

Content words in general science or other engineering fields, including nouns, verbs, adjectives,
and adverbs, which are related to the field of electrical engineering and words (forms) which
are not likely to be used in general language/concept. They refer to scientific principles, items,
materials, units, properties, functions, processes, and concepts. These words have clear

restrictions of usage within science. Examples are atom, sine, and thermal (agitation).

Group 5:

Content words including nouns, verbs, adjectives, and adverbs that provide speciaized meaning
and are used mostly in the field of electrical engineering. Thislist of words includes materials
or items, apparatus, equipment, units, properties, and functions closely related to electricity and
electrical engineering. Examples are op amp, amplifier, oscilloscope, volts, pulse, and

amplification.




1. Classify the words below using the criteria from the table above by putting

numbers 1-5 in the column next to the words. (The interrater works with the

researcher.)

1A

2. AN

26. MATRIX

3. ANGLE

27. MORE

4. ARE

28. ONE

29. POINTER

5. AT

30. POWER

6. BRUSH

31. PROBABILITY

7.COULD

32. QUADRANT

8. CHARGE

9. CIRCUIT

33. RATE

10. CONVERTER

34. RECEIVER

11. DIAMETER

35. ROTOR

12. EXAMPLE

36. SCALE

37. SHOWN

13. FILTER

38. SOURCE

14. FLUX

39. SPECTRUM

15. FOR

16. GAIN

40. STATOR

17. GATE

41. SYSTEM

18. GROUND

42. THE

19. IMPEDANCE

43. TIME

44. TRANSFORMER

20.IN

45. TRANSISTOR

21. INTEGRATOR

46. USE

22.1S

23.1T

47.VOLTAGE

24. LINE

48. WE

25. LOAD

49. WINDING

50. ZERO
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2. Classify the words below using the criteria from the table above by putting
numbers 1-5 in the column next to the words. (The interrater works alone.)

1. AMPLIFIER

31

AF

2. AND

3. ARMATURE

32.

INDUCTANCE

4. AS

33.

INERTIA

5.ATOM

34.

LINEAR

6. BANDWIDTH

35.

MACHINE

36.

MEANS

7.BAR

37.

MULTIPLYING

8. BASE

38.

NOT

9. BINARY

39.

OF

10. BIT

11. BY

40.

ON

12. CALLED

41.

ONLY

13. CAPACITOR

42.

OXIDE

43.

POLE

14. CONDUCTOR

R

. RESISTOR

15. CORRELATION

45,

SAME

16. CURVE

46.

SECONDARY

17. DIODE

18. ELECTRON

47.

SHORT

19. EQUAL

48.

SIGNAL

20. EQUATION

49,

SQUARE

21. EQUILIBRIUM

50.

SUBSTRATE

51.

SWITCH

22. EXCITATION

52

. TABLE

23. FIGURE

53

. TERMINAL

24. FIND

25. FREQUENCY

54

. THAT

26. FROM

55

. THIS

27. GENERATOR

56

.TO

28. GIVEN

57

. TORQUE

58

. TWO

29. HARMONICS

59

.VALUE

30. HAVE

60

.WITH
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APPENDIX E

Inter-rater Reliability

Criteriafor identifying Non-technical and Technical Noun Phrases

Category 1: Non-Technical Noun Phrases

Nominal groups as noun phrases which provide their meaning not related to the
fields of general science and engineering are classified as non-technical noun
phrases.

Category 2: Technical Noun Phrases

Nominal groups as noun phrases which provide their meaning related to the fields
of general science and engineering are classified as  technical noun phrases.
These noun phrases refer to scientific principles, items, materias, units,

properties, functions, processes, and concepts.
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1. Classify noun phrases below into non-technical and technical noun phrases using
the criteriain the table above by putting numbers 1-2 in the column next to the noun

phrases. (The interrater works with the researcher.)

average lifetime

basic building blocks

basic structure

clockwise direction

connection points

design team

devel oped power

electric field

generated voltage

heater element

induced voltage

output voltage

power factor

previous section

reactive power

real part

received signa

service entrance

synchronous motor

voltage drop




197

2. Classify noun phrases below into non-technical and technical noun phrases using
the criteriain the table above by putting numbers 1-2 in the column next to the noun

phrases. (The inter-rater works alone.)

accepted tests

active power

apparent power

average duck

basic characteristics

color image

combined action

conduction band

discrete components

equivalent circuit

first stage

general purpose
applications

induction motor

input signal

line current

magnetic field

major problem

minimum weight

opposite direction

phasor diagram

power quality

second stage

secondary voltage

straight line

synchronous generators

terminal voltage

time delay

transition region

transmitted signal

voltage gain
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Vocabulary Test: Format A
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1. possible voltages for the original analog signal

2. Substituting these terms into equation 2-3 as follows

3. Thismeans that a converter absorbs r eactive power from the ac system

4. Current flowsrelatively freely in the forward direction of the diode

5. the concepts developed in this section will be used extensively

6. the phasor_diagram is shown in Figure 5.10a

7. Let R represent the resistance of a particular |oad
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8. only one sour ceisreadily available

9. Find the power factor when the motor operates at rated conditions

10. inexpensive integrated cir cuits with awide variety of user-adjustable ranges

11. in the form of heat, 80 percent of the enerqgy it receives

12. athree-phase induction motor drivesaload such as apump

13. the average normalized power at frequency foisrelated only to X,

14. Numerical data can be represented in decimal

15. by shifting the brushes the output voltage decreases

16. the random motion of eectrons within € ectronic devices

17. this section will be used extensively in the analyses of diodes

18. we now proceed to develop the equivalent circuit of the transformer

19. variable dc voltages were obtained from dc generators

20. There are other devices available to improve power quality

21. thereceived signal will be corrupted by noise

22. Transfor mer s and motors are particularly important for nonelectrical engineers
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23. diffusion capacitance as afunction of forward biasin long and short diodes

24. the channdl will attenuate the transmitted signal

25. the corresponding average normalized power spectrum for atypical signal

26. the r egions above and below the two magnets

27. the electric field W must just balance the product Vx

28. Two low-voltage systems are provided

29. alow the induction motor to operate over a wide range of speeds

30. Theresulting terminal voltage is aflat-topped wave

31. by casting molten aluminum into slots cut into therotor

32. Thereisadistribution of energies

33. The value of the induced voltage is proportional to the rate of change of flux

34. aprediction algorithm can be implemented using a tapped-delay line

35. These codes are called pseudo-random

36. the inductor is storing more energy in its magnetic field

37. the tor que produced by the motor versus speed
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38. allow thereceiver to detect errors

39. All five gener ated voltages end at the same horizontal line

40. the resulting magnetic flux changes

41. for ajunction with an area of about 1 cm?

42. There are six equivalent X valleysin the conduction band

43. little resistance between the ends of the channa and the electrodes

44. you have more than one component within a block

45. theline current dropsfrom5A to 3.6 A

46. many thousands of transistors, diodes, resistors, and capacitor s to be included

in achip of semiconductor

47. describe the sequence of events that takes place

48. The active power absorbed by the motor

49. the farther the recelver is out of synchronization

50. thisis a good assumption

51. they are called synchronous motors

52. the current through two ter minals can be controlled
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53. such as cor es that lack symmetry and those with multiple coils

54. Synchronous gener ator s are the backbone of the electric power system

55. Regulation curves are plotted with the field excitation fixed

56. motors in industry actually operate as generators for brief periods

57. the p side diffusesto the transition region

58. time-varying magnetic flux linking a coil induces voltage across the coil

59. theratio of the highest frequency to the lowest

60. The constant Av is called the voltage gain of the amplifier

61. improper design or over driving an electronic amplifier

62. The second term on the right-hand side of equation 10-5 contains the factor j

63. the input signals contained only afew components

64. This means that a converter absorbs reactive power from the ac system

65. they meet al the requirementsin the previous section

66. the secondary voltage of apractical transformer decreases

67. the minimum bandwidth of the channel




68. Figure 14-19 shows a portion of the I/O image tables

69. find the input impedance to the transformer

70. the gates are the same in each half of the channel region

71. we begin our analysis by developing the following notation

72. the diffusion current is usually negligible for rever se bias

73. the small signal semiconductor capacitanceis given by the same formula

74. The duration of one cycleis T seconds

75. loads operate at near unity power factor

76. The rotor windings of a three-phase induction machine can take two forms

77. Caculate the total harmonic distortion, using both definitions

78. consider the torgue-speed char acteristics for a three-phase induction motor

79. the brushes short-circuit the coilsin which the voltage is momentarily zero

80. but it introduces distortion

81. The small-signal equivalent circuit for the amplifier is shown

82. The starting current in both the stator and rotor is high

83. Describe the principles of operation of the DC machine

203
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84. for periodic signals and aver age nor malized power

85. the corresponding ar matur e current is negligible

86. the accur acy of the induction motor model has limitations

87. Draw a phasor diagram showing the line-to-neutral voltages

88. because inductors and capacitors add to the impedance of the circuit

89. the construction and size of the diode

90. the locked-rotor_current Islags considerably behind the applied voltage E
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Vocabulary Test: Format B
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1. thelocked-rotor_current Islags considerably behind the applied voltage E

2. the construction and size of the diode

3. because inductors and capacitors add to the impedance of the circuit

4. Draw a phasor diagram showing the line-to-neutr al voltages

5. the accur acy of the induction motor model has limitations

6. the corresponding ar matur e current is negligible

7. for periodic signals and aver age nor malized power
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8. Describe the principles of operation of the DC machine

9. The starting current in both the stator and rotor is high

10. The small-signal equivalent circuit for the amplifier is shown

11. but it introduces distortion

12. the brushes short-circuit the coilsin which the voltage is momentarily zero

13. consider the torque-speed characteristics for a three-phase induction motor

14. Calculate the total harmonic distortion, using both definitions

15. Therotor windings of athree-phase induction machine can take two forms

16. loads operate at near unity power factor

17. The duration of one cycleis T seconds

18. the small signal semiconductor capacitance is given by the same formula

19. the diffusion current is usually negligible for reverse bias

20. we begin our analysis by developing the following notation

21. the gates are the same in each half of the channel region

22. find the input impedance to the transformer

23. Figure 14-19 shows a portion of the I/O image tables
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24. the minimum bandwidth of the channel

25. the secondary voltage of apractical transformer decreases

26. they meet al the requirementsin the previous section

27. This means that a converter absorbs reactive power from the ac system

28. the input signals contained only afew components

29. The second term on the right-hand side of equation 10-5 contains the factor j

30. improper design or over driving an electronic amplifier

31. The constant Av is called the voltage gain of the amplifier

32. theratio of the highest frequency to the lowest

33. time-varying magnetic flux linking a coil induces voltage across the coil

34. the p side diffusesto the transition region

35. motors in industry actually operate as generators for brief periods

36. Regulation curves are plotted with the field excitation fixed

37. Synchronous gener ator s are the backbone of the electric power system

38. such as cor es that lack symmetry and those with multiple coils

39. the current through two ter minals can be controlled
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40. they are called synchronous motors

41. thisisagood assumption

42. the farther the receiver isout of synchronization

43. The active power absorbed by the motor

44. describe the sequence of events that takes place

45. many thousands of transistors, diodes, resistors, and capacitorsto beincluded in
achip of semiconductor

46. the line current dropsfrom5A to 3.6 A

47. you have more than one component within a block

48. little r esistance between the ends of the channel and the € ectrodes

49. There are six equivalent X valleysin the conduction band

50. for ajunction with an ar ea of about 1 cm?

51. the resulting magnetic flux changes

52. All five gener ated voltages end at the same horizontal line

53. alow thereceiver to detect errors

54. the tor gue produced by the motor versus speed
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55. the inductor is storing more energy in its magnetic field

56. These codes are called pseudo-random

57. aprediction algorithm can be implemented using a tapped-delay line

58. The value of the induced voltage is proportional to the rate of change of flux

59. Thereisadistribution of energies

60. by casting molten aluminum into slots cut into the rotor

61. Theresulting terminal voltage is aflat-topped

wave

62. dlow the induction motor to operate over awide range of speeds

63. Two low-voltage systems are provided

64. the electric field W must just balance the product Vx

65. the r egions above and bel ow the two magnets

66. the corresponding average normalized power spectrum for atypical signal

67. the channdl will attenuate the transmitted signal

68. diffusion capacitance as afunction of forward bias in long and short diodes

69. Transfor mers and motors are particularly important for nonelectrical engineers




70. thereceived signal will be corrupted by noise
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71. There are other devices available to improve power quality

72. variable dc voltages were obtained from dc generators

73. we now proceed to develop the equivalent circuit of the transformer

74. this section will be used extensively in the analyses of diodes

75. the random motion of eectrons within electronic devices

76. by shifting the brushes the output voltage decreases

77. Numerical data can be represented in decimal

78. the average normalized power at frequency foisrelated only to X;

79. athree-phase induction motor drivesaload such as apump

80. in the form of heat, 80 percent of the energy it receives

81. inexpensive integrated cir cuits with awide variety of user-adjustable ranges

82. Find the power factor when the motor operates at rated conditions

83. only one sour ceisreadily available

84. Let R represent the resistance of a particular load

85. the phasor _diagram is shown in Figure 5.10a




86. the concepts developed in this section will be used extensively
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87. Current flowsrelatively freely in the forward direction of the diode

88. This means that a converter absorbs reactive power from the ac system

89. Substituting these terms into eguation 2-3 as follows

90. possible voltages for the original analog signal
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APPENDIX |
Examples of Single Words from the Electrical Engineering

Textbooks (Word / Frequency)

A. High Frequency Words
Function Words

the/ 12637 must / 204 per / 85 upon/ 31

be/ 4832 because/ 198 our/ 79 those/ 30

of /4128 so/ 195 their / 78 still / 24

al 3770 have / 188 while/ 74 whose / 24
to/ 3018 aso/ 184 over /73 whether / 22
in/ 2897 its/ 180 about / 72 around/ 21
and/ 2703 into/ 179 out /69 every / 20

for /1319 these/ 177 due/ 67 toward/ 18
that / 1259 al/174 up/ 67 whenever / 17
we/ 1156 then/ 166 either / 63 your / 17

as/ 1110 but / 164 next / 62 behind / 16
by / 999 such/ 158 another / 61 itself / 14
can/ 830 however / 154 several / 61 until / 14
this/ 743 through / 144 you/ 61 quite/ 13

at/ 710 may / 140 within/ 59 beyond/ 12
with / 684 where/ 139 after / 58 inside/ 12
from/ 605 they / 135 us/ 58 though / 11
it/ 591 across/ 131 under / 55 throughout / 9
on/ 565 what / 131 before/ 51 neither / 8
will / 499 very / 125 off / 51 against/ 5

or / 455 since/ 119 above/ 49 among/ 5

if / 399 how / 116 although/ 48 everything/ 5
which/ 387 do/ 115 aways/ 48 nor/5

when / 310 any / 109 below / 46 anything/ 4
thus/ 264 no/ 101 down / 46 he/ 4

not / 256 both / 99 without / 44 onto/ 4

than/ 255 therefore / 98 even/ 43 unless/ 4
each/ 244 shall /95 them/ 40 front/ 3
between / 236 during/ 93 rather / 34 nothing / 3
other / 232 some/ 91 along/ 32 something / 3



Content Words

be/ 2875
figure/ 596
show / 580
use/ 576
have/ 538
many / 332
example/ 270
two / 245
value/ 235
one/ 226
same/ 220
time/ 210
power / 208
find/ 204
high / 189
increase/ 188
cal /174
change/ 166
connect / 163
machine/ 163
give/ 160
only /155
apply / 150
large/ 150
low / 143
produce/ 143
equal / 142
result / 142
type/ 140
operate/ 136
consider / 134
speed / 134
see/ 133
zero/ 133
small / 129
represent / 128
little/ 127
determine/ 125
follow / 124
term/ 118

deliver / 116
side/ 115
now / 112
make/ 111
case/ 110
reduce/ 109
number / 106
become/ 104
provide/ 104
let/ 103
flow / 100
first/ 98
form/ 96
draw / 95
need/ 95
know / 94
three/ 94
turn/ 94
refer / 92
depend / 89
point / 88
cause/ 87
hole/ 83
add/ 82
effect / 82
note/ 81
include/ 78
much/ 78
problem/ 78
describe/ 77
discuss/ 75
important / 75
noise/ 75
operation/ 75
way / 74
second/ 72
contain/ 70
loss/ 70
move/ 70
supply / 70

state/ 69
solution/ 67
develop / 66
drive/ 66
take / 66
write / 66
direction/ 65
materia / 65
alow /63
usualy / 63
unit / 60

lead / 58
limit / 58
place/ 57
start / 57
suppose/ 57
build / 56
decrease/ 56
do/56
efficiency / 56
often / 56
compare/ 55
total / 54
end/ 53
explain/ 53
part / 53
possible/ 53
control / 52
expression/ 52
field/ 52
run/ 52

set/ 51

great / 50
close/ 48
good / 48
sample/ 48
application / 47
level / 47
new / 47

fact / 46

long / 46
carry / 45
notice/ 44
relate/ 44
solve/ 44
well / 44
cost / 43
measure / 43
standard /43
appear / 42
order /42
pass/ 42
size/ 42
step/ 41
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temperature/ 41

useful / 41
heat / 40
leave/ 40
reason / 40
say / 40
difference/ 39
four / 39
late/ 39
remain/ 39
understand / 39
why / 39
again/ 38
go/ 38
hand / 38
look / 38
few /37
near / 37
simple/ 37
yield/ 37
like/ 36
list/ 36
receive/ 36
store/ 36
third / 36
drop/ 35



B. Technical Words

I ndexical Words

voltage / 405
current / 388
motor / 332
circuit / 182
electron/ 148
transformer / 145
generator / 143
signal / 137
coil /111
capacitor / 85
rotor / 84
resistance/ 83
flux / 80
torque/ 79
amplifier / 75
winding/ 72
transistor / 67
volt / 67
converter / 57
conductor / 51
diode/ 51
bandwidth / 47
capacitance / 45
semiconductor / 39
resistor / 38
stator / 37
impedance / 36
armature/ 35
inverter / 35
inductor / 32
phasor / 32
pulse/ 32

band / 27
inductance/ 27
amplitude/ 24
transmitter / 22
battery / 19
emitter / 18

insulation/ 18
collector / 17
rectifier / 17
chip/15
equalizer / 15
synchronization/ 15
ampere/ 14
commutator / 14
demodulate/ 13
insulator / 13
relay / 12
thyristor / 12
cathode/ 11
encoder / 10
pixel /10
reactance/ 10
sinusoid/ 10
compensator / 9
conductivity / 9
waett/ 9
accumulator / 8
alias/ 8
alternator / 8
contactor / 8
discriminator / 8
heterojunction/ 8
hysteresis/ 8
node/ 8
overexcited/ 8
amplification/ 7
anode/ 7

arc/7

electrical / 7
electronic/ 7
proton/ 7
synchronize/ 7
waveform/ 7
wavelength / 7

autotransformer / 6
breaker / 6
cycloconverter / 6
demodulation / 6
electrically / 6
electricity / 6
electrode/ 6
ohm/ 6
sinusoidal / 6
wave/ 6

amp/5

amplified /5
electric/ 5
measurand / 5
sensor / 5
synchronous/ 5
transconductance / 5
turbine/ 5

wye/ 5

baseband / 4
cable/ 4
capacitive/ 4
coulomb/ 4
digital / 4
digitaly / 4

henry / 4
insulated / 4
kilowatt / 4
microprocessor / 4
milliampere/ 4
resistivity / 4
rheostat / 4
snubber / 4
stepped / 4
synchronism/ 4
synchroscope/ 4
underexcited / 4
watthourmeter / 4

215

waveshape / 4
windage/ 4
commutating / 3
decoder / 3
electromagnet / 3
farad/ 3

mesh /3
orthogona / 3
photodetector / 3
photodiode/ 3
radio/ 3

reheater / 3
resistive/ 3
resonance/ 3
shunt/ 3
software/ 3
underflow / 3
acceptor / 2
ammeter / 2
analog/ 2

array / 2
bandgap / 2
bandpass/ 2
bandstructure/ 2
bitline/ 2
bushing/ 2
calculators/ 2
centerline/ 2
circuitry / 2
commutative / 2
compressor / 2
condenser / 2
conductance/ 2
demodulator / 2
differentiator / 2
electrocardiograph / 2
equivalents/ 2
guardband / 2



Scientific Words

caculate/ 178
system/ 129
bit / 107
curve/ 46
probability / 44
angle/ 28
binary / 26
oxide/ 26
multiply / 24
quadrant / 24
spectrum/ 24
atom/ 22
square/ 22
substrate / 20
matrix / 19
equilibrium/ 18
diameter / 15
calculation/ 13
meter / 13
pointer / 13
scae/ 12
axis/ 11
copper / 11
inertia/ 11
subtract / 11
coefficient / 10
correlation/ 10
integrator / 10
flywheel /9
joule/9

linear /9
auminum/ 8
inch/8

integer / 8
iron/ 8

mathematically / 8

newton/ 8
oxidation/ 8
rectangular / 8
kilogram/ 7

magnet / 7
photon/ 7
exponentialy / 6
horsepower / 6
internet / 6
linearly / 6
mechanical / 6
neutron/ 6
nucleus/ 6
quantized / 6
radius/ 6
sine/ 6
thermally / 6
triangle/ 6
decibels/ 5
furnace/ 5
graph/5
gravity /' 5
hydrogen /5
kinetic/ 5
minus/ 5
momentum/ 5
perpendicular / 5
algorithm/ 4
aloy/4
automobile/ 4
bearings/ 4
digits/ 4

gas/ 4
gradient / 4
graphicaly / 4
mica/ 4
miniaturization/ 4
molecule/ 4
multiple/ 4
multiplexed / 4
octave/ 4
plasma/ 4
polysilicon/ 4
processor / 4

radian/ 4
sapphire/ 4
silicon/ 4
vector / 4
zeroing/ 4
asbestos/ 3
chassis/ 3
combustion/ 3
constants/ 3
correlate/ 3
denominator / 3
deuterium/ 3
geometrically / 3
hoist/ 3
isotope/ 3
mechanicaly / 3
metallization/ 3
metering / 3
nonlinearity / 3
nonzero/ 3
guantum/ 3
satellite/ 3
saws/ 3
velocity / 3
algebra/ 2
ammonia/ 2
anisotropic/ 2
atomic/ 2
aught / 2

barrel / 2
bolted / 2
buffer / 2
cents/ 2
condense/ 3
cosine/ 2
entropy / 2
factoring / 2
gauge/ 2
immune/ 2
ion/ 2
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ionize/ 2

jet/2

laboratory / 2
linearity / 2
logarithm / 2
magnetic / 2
mathematics/ 2
multiplication / 2
multiplier / 2
octal / 2
parabolic/ 2
postmultiplied / 2
quantization / 2
syndrome/ 2
thermodynamics/ 2
thermometer / 2
valence/ 2
vertex / 2
angstrom/ 1
anisotropy / 1
asymptotes/ 1
atomized / 1
blueprints/ 1
bolts/ 1
burners/ 1
calculator / 1
carbon/ 1
cardiologist / 1
casting/ 1
centimeter / 1
convection/ 1
correlator / 1
cubic/ 1

cursor /1
damascene/ 1
decimal / 1
determinants/ 1
deterministic/ 1
diagonally / 1
differential / 1



General Technical Words

load / 210
phase/ 189
frequency / 154
output / 100
input / 99
line/ 98
terminal / 88
rate/ 87
mean / 81
gate/ 72
receiver / 66
charge/ 59
brush/ 58
table/ 57
switch/ 56
negative / 52
filter / 50
pole/ 48
base/ 46
positive / 46
lag/ 44
carrier / 37
element / 37
contact / 36
doped / 36
ground / 36
harmonic/ 34
secondary / 33
bias/ 32
gain/ 31
wire/ 28
excitation / 27
excite/ 23
short/ 21
polarity / 20
bar / 19
wafer / 18
diffusion/ 17
shaft / 17
light/ 16

saturation / 16
overload/ 15
bus/ 14

install / 14
codeword / 13
fuse/ 13
industry / 13
counter / 12
mobility / 12
bonds/ 10

cut/ 10
interface/ 10
cell /9

feeder /9
implant / 9
interconnect / 9
lattice/ 9
configuration/ 8
discharge/ 8
fabricate/ 8
inverse/ 8
inversion/ 8
interference/ 7
invert/7
plant/7

plate/ 7

reactor / 7
sense/ 7
commutation/ 6
die/ 6
engineers/ 6
friction/ 6
header / 6
impurity / 6
interconnection/ 6
laser / 6

plugs/ 6
ratings/ 6
fabrication/ 5
inductive/ 5

intercept / 5
interrupt / 5
notch/5
offset/5
receptacle/ 5
reciproca / 5
sengitive/ 5
tap/5
window / 5
board/ 4
controller / 4
integrate / 4
intersection/ 4
jumper / 4
nominal / 4
rectified/ 4
bipolar / 3
breakdown / 3
bridge/ 3
delta/ 3
detectors/ 3
disc/ 3
divider / 3
film/ 3
installation/ 3
interruptions/ 3
intersect/ 3
inversely / 3
net/3
saturate/ 3
sensitivity / 3
telephone/ 3
blower / 2
boiler / 2
emit/ 2
exciter / 2
fitter / 2
hardware/ 2
hermetically / 2
increment / 2
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interfere/ 2
leakage / 2
lighting/ 2
makeup / 2
oscillation/ 2
parasitics/ 2
pinch/ 2
sputtering / 2
stray / 2
undoped / 2
avalanche/ 1
bounds/ 1
bucking/ 1
bulbs/ 1

caked /1
chamber / 1
clamped/ 1
collar /1
conditioning / 1
conjugate/ 1
conjunction/ 1
contraction/ 1
cooler /1
cutoff / 1
degenerate/ 1
disk/1
drum/1
ellipsoid/ 1
emission/ 1
evaporation/ 1
feedwater / 1
fusion/ 1
hashed / 1
health/ 1
hop/1

hybrid / 1
icons/ 1
implantation / 1
impulses/ 1
industrial / 1



C. Academic Words

equation / 240
source/ 165
there/ 146
assume/ 143
require/ 138
energy / 111
device/ 107
obtain/ 96
constant / 87
section/ 87
component / 84
design/ 82
create/ 73
occur / 67
indicate / 66
transmit / 65
vary / 65
correspond / 62
define/ 62
consequently / 60
generate / 60
illustrate/ 60
function / 58
range / 56
chapter / 52
region/ 52
induce/ 47
similar / 47
error / 46
code/ 45

sum/ 45
convert / 43
proportional / 43
consist/ 40
furthermore / 39
similarly / 39
percent / 38
process/ 38
interval / 37
reverse/ 36
variance/ 9

area/ 35
select/ 35
primary / 34
achieve/ 33
substitute / 33
parallel / 32
available/ 31
principle/ 31
derive/ 30
factor / 30
finally / 30
involve/ 30
sequence/ 30
establish/ 29
period / 29
analyze/ 27
compute / 27
core/ 27
minimum / 26
potential / 26
symbol / 26
ratio/ 25
technique/ 25
ensure/ 24
evaluate/ 24
logic/ 24
maintain/ 24
equivalent / 23
method / 23
approximately / 22
cycle/ 22
portion / 22
approach / 20
couple/ 20
definition/ 20
hence/ 20
image/ 20
label /20
remove/ 20
maximum / 19
variance/ 9

variable/ 19
appropriate/ 18
approximate / 18
enable/ 18
exceed / 18
transform/ 18
adjacent / 17
analysis/ 17
concept / 17
conduct / 17
construct / 17
neutral / 17
overall / 17
requirement / 17
distortion/ 16
eliminate/ 15
network / 15
normally / 15
accuracy / 14
affect/ 14
assumption/ 14
construction / 14
imply / 14

link / 14
minimize/ 14
specification/ 14
transfer / 14
adjust/ 13

data/ 13
digtribution/ 13
implement / 13
layer / 13
parameter / 13
previous/ 13
shifts/ 13
structure/ 13
automatically / 12
complex /12
computer / 12
detect / 12
accurately / 4

218

equipment / 12
feature/ 12
identify / 12
locate/ 12
normal / 12
procedure/ 12
register / 12
analogous/ 11
capable/ 11
denote/ 11
display / 11
final / 11
initially / 111
significantly / 11
thereby / 11
transmission / 11
approximation / 10
concentration / 10
conversely / 10
instance/ 10
integrated / 10
integration / 10
location / 10
obviouslyv / 10
percentage / 10
previoudy / 10
restrict / 10
specific/ 10
valid/ 10
variation/ 10
category / 9
consumed / 9
eventually / 9
extract / 9
integral / 9
major /9

plus/ 9
primarily / 9
prior / 9
summary / 9
status/ 4



consumer / 8
displaced / 8
fundamental / 8
implication/ 8
investigate / 8
mode/ 8
phenomenon / 8
predict/ 8
respond/ 8
response/ 8
significant / 8
specify / 8
utility / 8
volume/ 8

ater /7
apparent / 7
assign/ 7
briefly / 7

bulk / 7
constitute/ 7
decade/ 7
demonstrate/ 7
distort / 7
expand/ 7
identical / 7
isolate/ 7
nevertheless/ 7
physically / 7
release/ 7
role/ 7
subsequently / 7
sufficient / 7
transition/ 7
attain/ 6
capacity / 6
comment / 6
communication/ 6
consistent / 6
duration/ 6
enhance/ 6

equipped / 6

consumer / 8
displaced / 8
fundamental / 8
implication/ 8
investigate / 8
mode/ 8
phenomenon / 8
predict/ 8
respond/ 8
response/ 8
significant / 8
specify / 8
utility / 8
volume/ 8

ater /7
apparent / 7
assign/ 7
briefly / 7

bulk / 7
constitute/ 7
decade/ 7
demonstrate/ 7
distort / 7
expand/ 7
identical / 7
isolate/ 7
nevertheless/ 7
physically / 7
release/ 7
role/ 7
subsequently / 7
sufficient / 7
transition/ 7
attain/ 6
capacity / 6
comment / 6
communication/ 6
consistent / 6
duration/ 6
enhance/ 6

equipped / 6

ad/ 4
alternative/ 4
aternatively / 4
appendix / 4
brief / 4
capability / 4
challenge/ 4
compensate/ 4
concentrate / 4
conclusion/ 4
convention/ 4
depressed / 4
derivative/ 4
differentiate/ 4
digtributes/ 4
emphasize/ 4
encounter / 4
environment / 4
exhibit / 4
externa / 4
file/ 4
flexibility / 4
fluctuate/ 4
guarantee/ 4
impose/ 4
incorporate/ 4
inherently / 4
instructive/ 4
job/ 4
manipulation/ 4
maximize/ 4
monitor / 4
obvious/ 4
occupy / 4
periodic/ 4
precisely / 4
proportionate / 4
reconstruct / 4
regulate/ 4

rely / 4

retain/ 4

219

strategy / 4
sufficiently / 4
triggered / 4
adequate/ 3
aternated / 3
aspects/ 3
confined/ 3
contribute/ 3
contribution/ 3
conversion/ 3
derivation/ 3
dimensions/ 3
displacement / 3
evolution/ 3
expansion/ 3
exposed / 3
formula/ 3
inspection/ 3
instruction/ 3
interactive/ 3
isolation/ 3
majority / 3
margin/ 3
minority / 3
mutually / 3
odd/ 3
participate/ 3
precise/ 3
proportion/ 3
proportionality / 3
random/ 3
randomness/ 3
reactive/ 3
reliable/ 3
reversible/ 3
scope/ 3
stabilize/ 3
stable/ 3
stress/ 3
target/ 3
technology / 3



D. Low Frequency Words

junction / 86
series/ 85
channel / 83
magnitude / 67
information / 63
absorb / 51
plot/ 32
column/ 28
dot/ 27
versus/ 27
typicaly / 26
drain/ 25
barrier / 24
dissipate/ 24

characteristic / 23
recombination / 23

drift/ 22
rotate/ 22
inject/ 21
rotation/ 19
diffuse/ 18
peak / 18
sketch / 16
dign/15
typical / 15
designate/ 14
diagram/ 14
recal / 14
trelis/ 14
unlike/ 14
simplify / 13
attenuate / 12
modulate / 12
plane/ 12
tunnel / 12
brake/ 11
hint/ 11
injection/ 11
overheat / 11
associated / 10
aert/ 2

defect/ 10
exert /10
module/ 10
segment / 10
substation/ 10
theorem/ 10
viceversa/ 10
accelerate/ 9
accomplish/9
additive/ 9
conduction/ 9
continuous/ 9
deposit/ 9
etch/9
attenuation / 8
brakes/ 8
cancel / 8
clockwise/ 8
dopant / 8
imperfections/ 8
recombine/ 8

simultaneoudy / 8

acceleration/ 7
characterize/ 7
crystal / 7
lamination/ 7
rack / 7
reluctance/ 7
reset/ 7
subscript / 7
suite/ 7
withstand / 7
cascade/ 6
compression / 6
despreads/ 6
destination / 6
disconnect / 6
donor / 6
energize/ 6
irrespective/ 6
jurisdiction/ 2

mind/ 6
shift/ 6
symmetric/ 6
threshold / 6
uncertainty / 6
click/5
continualy / 5

counterclockwise/ 5

depletion/ 5
diffusivity / 5
encode/ 5
interchanged / 5
million/5
objectives/ 5
orbital / 5
permeability / 5
postulate/ 5
pulley / 5
rearranged / 5
sealed/ 5

spark / 5

stack / 5
standstill / 5
stationary / 5
upward / 5
verify /5
wherein/ 5
absorption/ 4
architect / 4
buried/ 4
circulates/ 4
continuously / 4
corrupt / 4
cumulatively / 4
depleted/ 4
discard/ 4
downward / 4
fraction/ 4
port/ 4
redundancy / 4
surveyors/ 2
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resemble/ 4
ripple/ 4
symmetry / 4
tripled/ 4
aircraft/ 3
bombard / 3
capture/ 3
chopped/ 3
compromise/ 3
decomposing/ 3
depicted/ 3
ensemble/ 3
equiprobable/ 3
expended / 3
generdize/ 3
huge/ 3
instantaneously / 3
intuitively / 3
likewise/ 3
millimeter / 3
millisecond / 3
optimize/ 3
optimum/ 3
packet / 3
preset/ 3
probe/ 3
revolves/ 3
stall /3
standby / 3
stringent / 3
superimpose/ 3
surmount / 3
symmetrical / 3
tank / 3
tendency / 3
tolerate/ 3
trench/ 3
abbreviated / 2
activate/ 2
actuate/ 2
barleycorns/ 1



atitude/ 2
amenable/ 2
associative/ 2
asymmetric/ 2
backfill / 2
background / 2
campus/ 2
cancellation/ 2
carefully / 2
clip/2
compress/ 2
concentrations/ 2
counterpart / 2
crest/ 2
decoded / 2
deenergized / 2
degradation/ 2
degrade/ 2
density / 2
departure/ 2
designation/ 2
determination/ 2
dia /2
drastically / 2
dump/ 2
elementary / 2
embedded / 2
extrinsc/ 2
fluid/ 2
generically / 2
horn/ 2
immersed / 2
impractica / 2
indistinguishable/ 2
inefficient / 2
interpret / 2
intrude/ 2
intuition/ 2
intuitive/ 2

laminated / 2
latched / 2
layout / 2
lesser / 2
lubricate/ 2
mainstay / 2
merit/ 2
mirror / 2
nonperiodic/ 2
optically / 2
orbit/ 2
overhead / 2
overshoot / 2
oxygen/ 2
pancake/ 2
parentheses/ 2
peer / 2
penalty / 2
polled /2
preclude/ 2
premium/ 2
profile/ 2
punch/ 2
ramp/ 2
recloses/ 2
redraw / 2
remainder / 2
renamed / 2
resort / 2
reverts/ 2
sags/ 2
schedule/ 2
serially / 2
specs/ 2
spontaneously / 2
strain/ 2
substantia / 2
substantialy / 2
superscripts/ 2

susceptibility / 2
symmetricaly / 2
technologist / 2
tedious/ 2
tolerances/ 2
traffic/ 2
tremendous/ 2
troubleshooting / 2
undergoes/ 2
underground / 2
vacuum/ 2
vave/ 2
vertically / 2
vial 2

vicinity / 2
abeled/ 1
aboard/ 1
abreast/ 1
abrupt/ 1
accessories/ 1
accrue/ 1
administration/ 1
advent/ 1
aforementioned / 1
airstream/ 1
albeit/ 1
dleviate/ 1
anchors/ 1
annihilating/ 1
announces/ 1
anomaly / 1
anymore/ 1
apparatus/ 1
appliances/ 1
applicable/ 1
apposite/ 1
astronomers/ 1
backbone/ 1
barely / 1
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beware/ 1

bid/ 1

blast/ 1
blenders/ 1
bombardment / 1
bottlenecks/ 1
breakthroughs/ 1
burden/ 1
caibrate/ 1
ceramic/ 1
choppy / 1
clients/ 1
clumsy /1
clustered/ 1
cocktail / 1
collectively / 1
collide/ 1
combat / 1
comma/ 1
compactly / 1
competitive/ 1
completeness/ 1
concatenation/ 1
conditional / 1
configured / 1
conservation/ 1
conservatively / 1
consideration/ 1
constricted / 1
continuity / 1
continuum/ 1
controllable/ 1
conversing/ 1
cornerstone/ 1
corollary / 1
corrosive/ 1
counterintuitive/ 1
dashed/ 1
decderated / 1



APPENDIX J
Examples of Complex Noun Phrases from

Electrical Engineering Textbooks

A. General Noun Phrases

opposite direction / 7 amusement parks / 1 coalutekwise direction / 1
time delay / 5 apartment buildings /1 critical importance / 1
accepted tests / 4 applicable conditions / 1 desirable characteristics / 1
first stage / 4 approved materials / 1 desirabbperty / 1
average lifetime / 3 architectural firm / 1 desired result / 1

power quality / 3 average depth /1 desired temperature / 1
second stage / 3 average distance / 1 different combinations / 1
service entrance / 3 average size / 1 differdetesf/ 1
straight line / 3 average velocity / 1 differentddions / 1
average duck / 2 average weight /1 different machines / 1
basic characteristics / 2 basic connections / 1 ferdiht metals / 1
clockwise direction / 2 basic facts / 1 differ@hdces / 1
combined action / 2 basic operation / 1 different points / 1
connection points / 2 basic understanding / 1  different temperatures / 1
different characteristics / 2  building classificati/ 1 different types / 1
different connection / 2 building location / 1 retit application / 1
different messages / 2 campus substation / 1 ctdionnection / 1
different times / 2 capital letters / 1 dottectlds / 1

film reel / 2 certain application / 1 downward ramp / 1
important considerations / 2 certain time / 1 dumb-bells / 1

important result / 2 clear picture / 1 dusty atmospheres / 1
independent set / 2 clockwise rotation / 1 eledsiil / 1

ordered form / 2 clothes dryers /1 elegant sotutil
original machine / 2 colored lines / 1 elemental materials / 1
positive feedback / 2 commercial buildings / 1 engineering disciplines / 1
possible combinations / 2 common practice / 1 ebdghtness / 1
power level / 2 complete explanation / 1 equal tbag 1

proper operation / 2 complete solution/ 1 excelharacteristics / 1
room temperature / 2 complicated form /1  experimental arrangement / 1
short description / 2 compressed air / 1 extreme cases/ 1
shorthand way / 2 concrete surface / 1 falling stoh

additional levels / 1 convenient reference / 1 egahcharacteristics / 1
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air conditioners / 1 cooling problem / 1 gena@ltion / 1
given amount /1 original mass / 1 respective ends / 1
heavy industry / 1 original suggestion / 1 rise time / 1

high performance / 1 particular level / 1 routine work / 1
holding companies / 1 particular message / 1 esasin / 1

human eye / 1 particular product / 1 second/law

human heart/ 1 particular user/ 1 second nurhber
human interface / 1 perfect crystal / 1 separate locations / 1
immense amounts / 1 permissible limits /1~ Separate solutions / 1
immense quantities / 1 personnel protection/ 1 visemgreements/ 1
important application /1~ population densities /1 service life / 1
important limitation / 1 power business / 1 several reasons / 1
increased temperature / 1 power changes / 1 resémes / 1
increasing speed / 1 practical difficulty / 1 stopbd use / 1
industrial buildings / 1 practical material / 1 shooting gallery / 1
industrial control / 1 practical problems /1 stiog guide / 1
information content / 1 practical situations / 1 ogping centers / 1
intuitive sense / 1 prescribed distance /1 short distance / 1

lab bench /1 probabilistic tendencies / $hort segment / 1
landscape architect / 1 problem statement/ 1 side effect/ 1

large advantage / 1 proper direction / 1 simple fl

last stage / 1 proper match / 1 simple tests / 1

leading direction / 1 proper performance /1 Simplified view / 1
leading edge / 1 proper protection / 1 single futn

left side / 1 proper relationship / 1 single urit

level change / 1 protective overcoat / 1 single user / 1

light bulbs / 1 public airwaves / 1 small apptias / 1
light flash / 1 punctuation characters / 1 soldered interconnections / 1
lightning protection / 1 rapid acceleration / 1 lidparticles / 1

liquid drops / 1 rapid advances / 1 solid piete /

loaded train / 1 rapid growth / 1 space considenati 1
low speeds / 1 rapid stop / 1 special consideration / 1
main advantage / 1 real surfaces /1 special purpose / 1
main characteristics / 1 received information /1 peed limit/ 1

mass production / 1 receiver's point / 1 speeddifil

material limitations / 1 redlamp/1 spiralapping / 1
metal object / 1 red light/ 1 spread message / 1
microphone results / 1 relative injection / 1 standard instruments / 1
muscle contractions / 1 relative probabilities / 1 standard machine / 1
negligible effect/ 1 relative strengths / 1 standard markings / 1

numerous physicists / 1 remaining terms / 1 stahdary / 1
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B. Technical Noun Phrases

(Note: Words withtalic format are academic words from the AWL)

reactive power / 91
phasor diagram / 60
powerfactor / 57
induction motor / 47
output voltage / 42
equivalent circuit / 38
received signal / 38
transmitted signal / 35
electric field / 30
terminal voltage / 30
induced voltage / 29
magnetic field / 28
generated voltage / 27
conduction band / 26
developed power / 26
line current / 26
voltage drop / 26
active power / 25
synchronous motor / 24
transition region/ 23
full load / 23

synchronous generators / 23

voltage gain / 23

input signal / 22

op amp /22
secondary voltage / 22
apparent power / 21
circuit breaker / 21
power system / 21
input impedance / 20
reverse bias/ 20

field current / 20
synchronous speed / 20
voltage source / 20
phase angle / 19

synchronous machine / 19

bit period / 18
depletionregion/ 18

transmission line / 17
unity powkactor / 17
copper loss / 17
load current/ 17
short circuit / 17
bit error / 16
transfer function/ 16
carrier signal / 16
current source / 16
rated voltage / 16
real power / 16
torque-speed curve / 16
coreloss / 15
voltageregulation/ 15
applied voltage / 15
flip flop / 15
power supply / 15
valence band / 15
right hand side / 15
input voltage / 14

small-signadquivalent circuit / 14

armature current / 14
magnetic flux / 14
starting torque / 14
ideal op amp / 14

lowpass filter / 12
mechanical power / 12
minority carriers / 12
peak voltage / 12
locked-rotor current / 12
bias current / 11
equivalent reactance / 11
integrated circuit / 11
wavefunction/ 11
carfiequency / 11
collector current/ 11
cost pal
drain current / 11
electrical power / 11
flux dgrisll
leakage flux / 11
leakage eeat / 11
original signal / 11
ratedent / 11
rated load / 11
thermal noise / 11
oltage level / 11
logic gate / 10
mutual flux / 10
output signal / 10

torque-speed charactefi$tic bandpass filter / 10

kineticenergy / 13
output impedance / 13
primary voltage / 13

harmonic current/ 10
infinite bus / 10
magnetomotive force / 10

averagenormalized power / 13 maximum value / 10

line-to-neutral voltage / 13

frequency band / 13
gate oxide / 13
truth table / 13
input resistance / 12
source voltage / 12
average power /12
base speed / 12

operating point / 10
resistivadad 10
sine wave / 10
torque angle /
power spectral density / 10
baseregion/ 9
electrieabrgy / 9
input power / 9
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commonmode signal / 9 rated conditions / 8 line-to-line vokaly7
singlephase motor / 9 relay coil / 8 bandpadisannel / 6
airgap/9 shunt motor / 8 complex number / 6
analog signal / 9 steady state / 8 data compression / 6
auxiliary winding / 9 common-source amplifier / 8 electrostatigotential / 6
breakdown torque / 9 short-circuit test / 8 logic variables / 6

cutoff frequency / 9 contact potential / 7 minimum value / 6
developed torque / 9 forwardbias/ 7 powerinput / 6

diffusion current / 9 neutral region/ 7 transmission rate / 6
equilibrium value / 9 normalized energy / 7 crosssectional area/ 6
exciting current /9 output power / 7 reverse saturation current / 6
field winding / 9 potential well / 7 source follower / 6
industrial application / 9 poweautput / 7 summing-point constraint / 6
inverting amplifier / 9 primary side / 7 threephase transformer / 6
magnetic circuit / 9 random process/ 7 threephase induction motor / 6
peak value / 9 displacement poviastor / 7  armature coil / 6
permanent magnet / 9 singbbase transformer / 7 average value / 6
power angle / 9 transfer function magnitude / 7 band gap / 6
quantization noise / 9 averagermalized power spectrum /7  circuit diagram / 6
rated torque / 9 band edge / 7 control signal / 6
short-circuit current / 9 block diagram / 7 diffetial gain / 6
communication system / 8 differential signal / 7 eddy current / 6
frequencydomain/ 8 emitter current / 7 electric motor / 6
gatebias/ 8 envelope detector / 7 electron concentration / 6
inductive reactance / 8 field coil / 7 gain magnitude / 6
mechanicaenergy / 8 hole concentration / 7 modulated signal / 6
output resistance / 8 load resistance / 7 motor starter / 6

phase detector / 8 magnetizing current / 7 noise generator / 6
signalsource/ 8 magnitude spectrum /7 phasor current / 6
turnsratio/ 8 mechanical load / 7 pinch-off / 6

linear blockcode / 8 open circuit / 7 power loss / 6
averagenormalized power spectral density / 8 practical applicatibdls rated speed / 6
armature position / 8 resonant frequency / 7 eived bit/ 6

armature voltage / 8 revolving field / 7 rotor @nt/ 6

band diagram / 8 rotational losses / 7 sampled signal / 6
cascade connection / 8 sampling rate / 7 sam@kckV 6

current flow / 8 secondary side / 7 schematic diagf 6
differential amplifier / 8 start button / 7 seconglavinding / 1
digital circuit / 8 synchronous reactance / 7  sqdle / 6

mesh currents / 8 thermal generation / 7 starting current / 6

stator winding / 6 leading powéactor / 5 magnetizing reactance / 5



sub-band / 6

voltage equation / 6
voltage regulator / 6
voltage transformers / 6

direct-current generator / 6

series resonant circuit / 5
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probability densitynction /5 negative charge / 5
negative feedback / 5
transformeguivalent circuit / 5 no load /5
primary and secondary windings / 5 nominal rating / 5
squirrel-cagduction motor / 5 nominal voltage / 5

left-hand side / 6 two-sided averagaormalized power spectrum / 5 optimal receiver / 5

minority carrier concentration / 6 amplifier circuit / 5

open circuit voltage / 6
activeregion/ 5

circuit symbol / 5
complex impedance / 5
construction features/ 5
digital format / 5
dynamic range/ 5

energy bands /5
frequencycomponents/ 5
frontpanel / 5
independensource/ 5
induction machine / 5
input terminal / 5
instantaneous current / 5
instantaneous voltage / 5
interruptingcapacity / 5
inversionregion/ 5

logic circuit / 5

logic function / 5

neutral zone / 5
nonlineardistortion / 5
output variable / 5
phaseratio/ 5
positive charge / 5
primary winding / 5
scanningcycle/ 5
seriesfield /' 5
servicefactor / 5
storedenergy / 5
surfacepotential / 5
thermalenergy / 5
time domain/ 5

particular application / 5
phagidtage / 5
power dissipation / 5
power triangle / 5
present sample / 5
guantum number / 5
rated frequency / 5
recombination rate / 5
reference direction / 5
rotor winding / 5
semiconductor material / 5
stator field / 5
sub-collector / 5
temperature rise / 5
time constant / 5
trade-off / 5
universal motor / 5
voltage waveform / 5
armature circuit resistance / 5

armature winding / 5
binary system / 5
coil side /5
commutating poles / 5
Conductor size / 5
current gain /5
diffusion length / 5
drain characteristics / 5
drift current / 5
effective value / 5
electric power / 5
electrical circuit / 5
electrical machine / 5
electrical system /5
excess carriers / 5
field excitation / 5
gate current/5
gate electrode / 5

half load / 5 eddy current losses / 5
harmonic voltage / 5 electron-hole pairs / 5
ladder diagram / 5 op-amp circuit/ 5

original analog signal / 5
pull-out torque / 5

logical rack / 5
magnetic contactor / 5
magnetisation curve / 5 rated armature current / 5
leading powefactor / 5 run-length coding / 5
probability densityunction/5  two-wire control / 5
seriesresonant circuit /5  open-circuit voltage gain / 5
transformeequivalent circuit /5 accumulated value / 4
primary and secondary windings / 5analogformat / 4
squirrel-cagenduction motor /5 bankatio/ 4

two-sided averag®rmalized power spectrum / 5biaserror / 4

amplifier circuit / 5 channel noise / 4
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C. Academic Noun Phrases

major problem / 6 appropriate averages / 1 corresponding term / 1
basic structure / 3 appropriate limits / 1 corresponding word / 1
color image / 3 appropriate materials / 1 definite purpose / 1
design team / 3 appropriate packages / 1 design coordinator / 1
discrete components / 3  approximate form /1 desired task / 1

heater element / 3 architectural design / 1 device properties / 1
minimum weight / 3 audio components /1 device size / 1

previous section / 3 average energy / 1 different approaches / 1
accurate standards / 2 basic approaches /1 differethods / 1
approximate value / 2 basic components / 1 diffepanticipants / 1
basic principles / 2 basic concepts / 1 differemaqple / 1
complete cycle / 2 basic construction/ 1 ddferstyles / 1
component image / 2 basic definitions / 1 different symbols / 1
cross section / 2 basic elements / 1 difficult process / 1
different designs / 2 basic requirements / 1 direct contact/ 1

different sources / 2 beneficial effect / 1 discrete form / 1

direct proportion / 2 brick portion / 1 distinctsdidvantage / 1
discrete devices / 2 building design /1 dominantterm/ 1
effective area / 2 building features / 1 dramatgpiovement / 1
energy level / 2 certain concentration / 1 economical approach / 1
error control / 2 commercial establishments / #conomical level / 1
error correction / 2 common approach /1 econosake / 1

fire detection / 2 common links / 1 electric uidd / 1
fundamental component / 2common method / 1 elegant method / 1
individual device / 2 common technique /1  energy transformations / 1
individual stages / 2 communication capabilitids / engineering topics / 1
infinite period / 2 complex process / 1 entire imad.

logic expression / 2 complex quantities / 1 envinental factors / 1
logical product / 2 complex structure / 1 equal poments / 1
potential problem / 2 comprehensive guidelines /1 equipment protectibn /
sufficient energy / 2 comprehensive review / lerror-detecting / 1

basic construction features / 2computer size / 1 excellent isolation / 1

accuracy requirements / 1 considerable concentrations / xtra component / 1
accurate representation / 1 consumer products / 1 federal government / 1
accurate values / 1 continuous process / 1 final check / 1
additional complexity / 1 convenient methods /1 nafiproduct/ 1
additional contribution / 1  convenient technique / 1 financial penalties / 1
additional restriction /1 conventional definition / 1 fixed period / 1
alternative expressions /1  cooling methods / 1 xilfle operation / 1
appreciable amount / 1 correct recovery / 1 foundation design/ 1
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fundamental principle / 1 personal computer / 1 rtisig period / 1
fundamental properties /1 philosophical point /1 sufficient information / 1
fundamental understanding / 1 physical characteristics /1  temporary state / 1

general design/ 1 physical component / 1 total energy / 1

generated minority / 1 physical dimensions / 1 Troubleshooting sectidn /
good approximation / 1 physical laws / 1 typical residence / 1
heating element / 1 physical separation/1  unstable condition/ 1

humid environment / 1 physical shape / 1 unstable state / 1

illuminated area / 1 popular approach / 1 useful devices / 1
illustrative purposes /1 power requirements /1 usual approximation / 1
important components / 1 practical approach /1 riovia implementations / 1
important feature / 1 practical benefit / 1 visible light / 1

important specification / 1 practical criterion / 1 visual observations / 1
important version / 1 practical implementation / lannual electric bill / 1
improper design/ 1 preceding section / 1 avepmyeer consumption / 1
individual dwellings /1 precise definitions / 1 uilding design process / 1
individual components /1 preferred structure/ 1 certain minimum standards / 1
individual customers / 1 principal choices /1  adtisg engineering firms / 1
individual ducks / 1 principal components /1 corresponding decrease / 1
Institutional buildings / 1 principal ways / 1 elec utility bill / 1
instructive way / 1 priority level / 1 given average energy / 1
interior designer / 1 project manager /1 giveagyaphical region / 1
intermediate position/1 properdesign/1 industrial manufacturing facility / 1
loaded vehicle / 1 proper maintenance /1  indhlstranufacturing process / 1
Local authorities / 1 pseudo-random / 1 major leegories / 1
logical introduction / 1 real portion /1 manufaexs’ web sites / 1
louder version / 1 receiver's design / hew-generation communication / 1
main function / 1 red component/ 1 per-unit apphoal

major advantage / 1 registered trademarks / 1properly designed structures / 1
major directions / 1 relative concentrations / 1standard English text / 1
material selection / 1 required disciplines / 1 rtstigp period / 1

maximum temperature / 1 residential customers / 1 typical image / 1
normal conditions / 1 restricted space / tremendous technological challenge

normal course / 1 safety feature / 1 building deseam's work / 1
normal direction / 1 same sequence /1 stapergpd / 1

normal incidence /1 second symbol / 1 economic and environmental impact / 1
normal operation/1  seriesterm/1 experimeamal theoretical work / 1
open areas /1 short periods / 1 gas distributnmhcantrol / 1
original image / 1 significant implications / 1 feamd imaginary parts / 1

original objective / 1  significant improvement /1 specific connection / 1
overwhelming majority / 1 tates and the federal government / 1
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