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Abstract

In recent years there has been a growing intepascbrporate hypertext glosses into L2
reading materials and accordingly, it has provolesiarchers to uncover to what extent
and under which moderator variables a specific tgpegloss yields more effective
outcomes than other types of glossing. The prasetd-analysis attempts to examine the
magnitude of the effect of different gloss typemdle vs. multiple glosses) on L2
vocabulary acquisition along with identification tfe contextual factors that influence
between-study variation through synthetizing 34mary articles which satisfy the
inclusion criteria. The overall effect size is fauto be + 0.83 (p<0.05), indicating that
multiple glosses (text+visual) has a large, positieffect on learners’ vocabulary
acquisition than single mode of glossing (text-pnModerator analyses further suggest
that intensity of the program and L2 proficiencyde are potential moderators
influencing the heterogeneity between effect sizdereas the learning context, sample
size and research design do not have such impact.

Keywords. hypertext gloss, vocabulary acquisition, metalmis, effect size,
heterogeneity

1. Introduction

Nowadays, computers have turned to be a familgntsn the 21 century classrooms and
technology is used to enrich many educational td€ksega, 1997). Since the 1960s,
specialists in the field of educational technoldwve tried to accelerate the process of
technology-pedagogy integration through develogiregrams on the basis of Computer-

Based Instruction (CBI) to drill, instruct and ewvale students. The dream of technology
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revolution in educational settings envisaged thhoterhnology-pedagogy integration is
now almost five decades old. “Some envisage a degnveomputers will serve all children
as personal tutors: a Socrates or Plato for evieitgt of the 28" century” (Kulik & Kulik,
1991, p. 75).

In the field of ESL/ EFL, many language educatwase also tried to increasingly
incorporate CBI programs into their classes aspplement or replacement for traditional
teaching methods. In fact, due to the versatifigxibility and adaptability of computer
technology, it is viewed as a promising languagenimg tool. In this vein, because of the
importance of vocabulary acquisition as a key idgmet in the process of language
learning, considerable attention has been diretdedvestigation of techniques used to
facilitate the acquisition of new target words.

Among all, glossing has gained popularity and pdote be facilitative in the
process of L2 vocabulary acquisition. The applaatof glosses has recently become a
common approach in enriching L2 reading materidlsiypermedia or hypertext gloss
refers to “short definitions or explanations witbnfinearly linked data associated with
text, graphics, audios, and videos in computerieat’ (Kommers, Grabinger & Dunlap,
1996 cited in Yun, 2011). Compared to dictionaryirdgons, glosses seem to be more
preferable because readers are not interruptechgluhe reading process when they
consult with the available definitions in the tgX¥anguas, 2005). Moreover, based on
Schmidt’s (1995)Noticing Theory one of the prerequisites of learning is conscious
attention to target items and attempts should bedent@ make the target items noticed. In
this regard, glossing is considered to be effectoreincreasing noticing and probably
improving vocabulary acquisition among ESL/EFL tesas (Nation, 2002; Yoshii, 2006).
Glosses also enhance the learners ‘autonomy dtimnfjow of reading (Nation, 2002).

Accordingly, since there is no doubt about the athges of glossing for incidental
vocabulary acquisition, many language specialistgehshifted their focus from gloss
effect to gloss type. The review of the studiestoneffects of different gloss types (text,
visual, audio, etc.) has brought inconsistent tesiome have revealed no differences
between them (e.g. Lomicka, 1998; Ben Salem & A280,7) while others have shown the
advantages of one gloss type over the other (Chiia&s, 1996; Al-Seghayer, 2001) in
vocabulary acquisition. Clearly, there exists namsistency among the results of the

research studies investigating multiple and sirmghtess types, and the effect of different
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modes of presentation of glosses on vocabularyisitign still remains an open research
area that needs further exploration.

Regarding this dilemma, when there is a need tovdyaneral conclusions, as
Kulik, Kulik, and Shwalb (1986) emphasize it, itnecessary to integrate the results from
a variety of settings under different conditionsl ao apply tools of research synthesis to
the results of the individual studies. Taking béneff a research method known lsleta-
Analysis(Glass, 1977; Hedges and Olkin, 1985), it is giedio examine the effectiveness
of different gloss types — single vs. multiple gles — on vocabulary acquisition by
integrating and analyzing the results of numerousliss, taking into account all the
variables which might be effective. Such a syst&maview can also provide a map of the
past and current research in the field of textuaksges and vocabulary acquisition,
showing the pathway for future studies. Owing te ttonflicting findings reported by
existing research in this area, and the fact that little, if any, comprehensive systematic
analysis of the effects of different types of gkssas been done, the present study
attempts to provide a quantitative review of thieafveness of single textual glosses as
compared to multiple glosses examining methodolgamd substantive features which
are considered to be influential on the overalle@ieness of textual glosses for
enhancing vocabulary acquisition.

The following research questions guided this nesestudy:

1) What is the overall effectiveness of multiple glbgse (text+visual) on vocabulary
acquisition?

2) Is there a statistically significant heterogeneaityong effect sizes of the studies
investigating the effect of different gloss types wocabulary acquisition in the
present meta-analysis?

3) In the case of statistically significant heteroggnamong effect sizes, what are the
potential moderators to systematically accounttf@ heterogeneity among the
effect sizes of primary studies investigating tlfifect of different gloss types on

vocabulary acquisition?

2. Literaturereview
In recent years, the application of glosses has@ased tremendously, fueling a debate
over whether or not they are an effective meandngidroving students’ vocabulary

acquisition. Even though a large body of reseaxtst® investigating the effectiveness of
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hypertext glosses (Ariew, 2006; Nagata, 1999; AuhW007; Al-Seghayer, 2001; Chun &
Plass, 1996; Lomicka, 1998; Robin, 2007; Nikolo2804; Khan, 1997; Plass, Chun,
Mayer & Leutner, 1998), there remains one importganéstion, namely whether the
meanings, when provided, should be presented imglesmode (text-only) or with a
combination of multimedia-embedded features suchde, picture, sound, etc.

The results of many research studies concerningtheh different types of
hypertext glosses enhance vocabulary acquisitioh2ofearners have been somewhat
inconclusive. Plass et al. (1998), for instanceestigated the effect of different modes of
glossing on vocabulary acquisition in a multimeel&ironment. It was found that subjects
who had selected verbal and visual glosses pertbsignificantly better than those who
had selected one mode of glossing.

In a similar study, Kost, Fost and Lenzini (1988amined the effect of textual and
pictorial glosses on vocabulary acquisition in fgthtexts. They found that learners who
had access to textual and pictorial glosses owpadd their counterparts who had access
to textual glosses alone. They hypothesized thiat fihding is the result of different
degrees of cognitive effort employed by learnergrtocess information. They remarked
that “the mapping of pictures onto the mental mgaelides and stronger bond than the
mapping of words due to the different represemtatiof their information (analog vs.
symbolic)” (p. 94).

In another study conducted by Al-Seghayer (20@1g, effect of different gloss
types on L2 vocabulary retention was examined. Resfithe study showed that subjects’
performance on text-plus-video was significanthyttére than their performance on the
single mode of glosses.

Yoshii & Flaitz (2002) further investigated thdesit of different gloss types on L2
vocabulary acquisition in a multimedia reading eonment. They found that the text plus
picture group significantly performed better thdre tgroup who had access to textual
glosses alone.

Yeh and Wang (2003) examined the effect of threelea of multimedia glosses:
text only, text plus picture, and text, picturedaound. They reported that text plus picture
was the most effective gloss type for vocabulaugsstion.

More recently, Akbulut (2007) compared the perfante of subjects who had
access to text-only glosses with those with actessxt+visual glosses on vocabulary test.

The findings of the study revealed a significanffedence between text-only and
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text+visual gloss groups on vocabulary test; howewe significant difference was found
on reading comprehension performance of the twaggo

Despite such positive outcomes of applicationiiéent modes of glosses, some
researchers report no significant differences beitwbe performance of the groups using
text-only versus text+visual glosses on L2 vocatyulests.

In a study conducted by Ben Salem and Aust (200Was found that learners who
used glosses had significantly higher reading cefmgmsion and vocabulary acquisition
scores than non-gloss users; however, no signtfiddierence was reported between the
performance of text-only and text+visual gloss sser

Furthermore, the results of the study conducted_dyicka (1998) revealed no
significant difference between the vocabulary ssod those who consulted with
text+visual glosses as compared to those who hagbado text-only mode of glosses.

To sum up contradictory evidence provided by @éxgsstudies in this area and
reach general conclusions, conducting the curreaetaranalytic review seems to be
promising. The results of the present meta-analysy also shed light on the variation
between primary studies’ results more explicitlyotigh examining methodological and
substantive features considered to be influentiath@ overall effectiveness of single and
multiple glosses for enhancing vocabulary acquisiti

3. Method

3.1. Literatureaccumulation

A literature search was run using Scopus, Web @rfse, and Google research databases
in order to identify almost all relevant studiesaemning the relative effectiveness of
glosses either in single (text-only) or multiplexttvisual) mode of presentation on
enhancing learners’ vocabulary acquisition, pulglghintil 2014 when this meta-analysis
was conducted. After obtaining a preliminary set asficles including 95 studies,
references used in the selected journals and artditions were also examined.
Concurrently, specialists in the field of CALL weaitso consulted for articles that had not
been gathered by the primary search procedures. e process resulted in the
identification of 105 articles which were of potehtrelevance to the present meta-
analysis. Subsequently, all gathered articles weratinized to see whether they satisfied

the following inclusion criteria to be includedtime final analysis.
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3.2. Inclusion and exclusion criteria
Studies which are included in the present metayaizablata set were required to satisfy
the following inclusion and exclusion criteria:

» Studies should have a quasi-experimental or exgeiah design, investigating
experimentally the effect of single and multiplepbytext glosses on vocabulary
acquisition in an ESL/ EFL context.

» Studies written in English and published until 2@di# be included in the data set.

e Studies should include sufficient data for caldakat the effect size like
combinations of means, standard deviations, tdesANOVA statistics, group
sizes, etc.

* The study must be available in its full text form.

* Uncontrolled experiments and anecdotal reportelitassessment of improvement
will be excluded.

e Studies should be free from serious methodologiaaknesses like a) unfair
teaching of the content assessed in the posttesig®mf the groups (experimental
or control); b) non-randomly assigning participatiscontrol and experimental
groups; c) neglecting the pre-existing differenioesveen the groups, etc.

Following these criteria, the abstracts of thengedd articles are scrutinized in the
first instance to determine if the experiments Iagd the application of text+visual and
text-only glosses for vocabulary acquisition. Utesblie abstracts (no textual gloss or no
vocabulary acquisition, 38 articles), non-reseaacticles (5 articles), publications in
languages other than English (4 articles) are ndhér reviewed. The full texts of all
remaining articles were comprehensively checkeedas the identified inclusion and
exclusion criteria to assess their qualificatiorb&included in the present meta-analysis.
Out of these, articles lacking the minimum inforioat(e.g. sample size, mean, standard
deviation, etc.) were excluded from the analys#& 4&icles). In total, 34 primary articles

satisfied all the inclusion criteria and went unther systematic analysis.

3.3. Réliability of coding

After gathering the relevant studies and excludingse that did not satisfy the pre-
determined criteria for being included in this matelysis, the next step was to prepare a
coding table, based on which the common featuresngndifferent studies can be

identified and organized. Cooper (2010) has progppesene common features that should
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be included in every coding scheme. According t® tbsearcher, “every coding sheet
should include the variables of investigation, ggvants’ characteristics, research design
and statistical information of every individual @i (Alsadhan, 2012, p. 43).

To increase the reliability of coding, two indedent coders coded each individual
study involved in the data set. Then, the two cegeintly reviewed their coding forms

and, in the case of some disagreements, they taaged the points of dispute.

3.4. Data analysis

3.4.1. Effect size

If continuous measures are used in meta-analysiadardized difference between the
means of the experimental and the control groufgnotalled Hedges'sg (Hedges &
Olkin, 1985, p. 78) is typically used as a measireffect size to summarize the finding of
each individual study. The underlying reason ist i quantitative results from the
different primary studies are converted into a dtadized metrics that allows for
meaningful numerical comparison across studies.

X1 — Xy
e

= Sp
Where ¥, is the mean of the experimental condition (texstiai) anct, is the
mean of the controlled condition (text-only), Jisorrection factor for small sample bias,
and $ is the pooled standard deviation calculated baseithe following formula where;n
and S stand for experimental group sample size and stdrilviation and nand g for
control group sample size and standard deviatiepeively. The reason underlying such
correction is that effect size of a treatment foal samples tends to be overestimated. To

avoid this, the formula is multiplied by J factordorrect the upward bias.

. - I‘.-‘m] 1)s2 4 (na — 1)s?
v M +nz—2

3
J=1 4(ny +n3—2) -1

Effect sizes are evaluated with reference to t®&#% confidence interval and
relatedp values. A 95% confidence interval indicates tlidhé same study is replicated
several times, the effect size estimate would keiwithat range 95% of the time. True
effect size is estimated to be included in thiggearConfidence interval ranges that include
zero show that the obtained effect sizes are cereidto be statistically non-significant
(Norris & Ortega, 2000); if the confidence intervahges do not contain the value zero,

they are considered as statistically significans #he confidence interval becomes
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narrower, more trustworthy effect size is revealedthis meta-analysis, Cohen’s (1988)
rules were used to interpret the magnitude of eexe: .20 is considered a small effect,

.50 a moderate effect and .80 a large effect.

3.4.2. Estimation and test of residual heter ogeneity

In primary studies, the dispersion among scorepiantified based on standard deviation
and variance of the scores. In a meta-analysisptbeess of identifying and quantifying
the heterogeneityn effect sizes is quite similar since it is désed based on the standard
deviation and variance. The only factor that makesprocess more complicated is that in
a meta-analysis the variance is intended to beddaetweertrue effect sizes, while the
variation that we actually observe is a combinatainboth (true) heterogeneity plus
random error.

In the cases that all studies share the samestfeet sizes, the (true) heterogeneity
is zero. In such cases, if we deal with differelnserved effect sizes, it may be due to the
within- study error. In a random- effects model, assume that thieue effect size does
vary from one study to the nekt.this case, if we deal with different observefief sizes,
it may be due to the (true) heterogeneity in efseénes as well as within-study error.

For comparability reasons’ dalue seems to be more informative, revealing the
percentage of heterogeneity between effect sizmass that is due to the between-study
level variation rather than random error alone (Jihg et al., 2003; Higgins & Thompson,
2002), having3= 100% - (1 - df/Q). While Q-value is used to tét null hypothesis that
there is no dispersion across effect sizequantifies this dispersion and can be compared
across various meta-analyses with different numlmdrstudies and different set of
moderator variables. To interpret the degree ofterogeneity between effect sizes, the
following rule can be used? E 0% stands for no heterogeneity= 25% stands for low
heterogeneity|? = 50% stands for moderate heterogeneity &nd 75% stands for high
heterogeneity (Higgins, Thompson, Deeks, & Altmze03).

3.4.3. Outlier analysis

If the variances observed between the effect sizdse data set seem to be approximately
large as compared with the error variances, oneilplesunderlying reason for such
heterogeneity may be due to the existence of ositlieo detect any outlier in the data set,

the stability of the results can be investigatewugh leaving out some studies one at a
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time and re-doing each meta-analysis for the redldes¢a set. Accordingly, outliers which

have particular impact on effect size estimatesbeaitentified and analyzed.

3.4.4. Publication bias

The existence of publication bias in any meta-agialys usually assessed using funnel
plots. A funnel plot provides scatter plots of theatment effects obtained from individual
studies against a measure of study size or stareterd (Sterne, Becker, & Egger, 2005).
In cases where publication bias does not exist, dffect size estimates will be
symmetrically distributed around the overall me#irat size. In such cases, more precise
effect size estimates tend to cluster more cloasynd the mean effect size. Ignoring the
studies which report the most positive or negasffect sizes and even non-significant
ones due to publication bias would undoubtedlyltesuhe asymmetry in the relationship

between effect sizes and related standard errazarople sizes.

3.5. Instrument

The software used for the systematic analysis dab da the current study was
Comprehensive Meta-Analysis, versianA2 a program developed by a team of the most
famous experts in the field of meta-analysis, itexsf various options for data entry,
analysis, and display. Data in more than 100 fosmedr example, can be entered for
calculating the effect size estimate. Moreover, tipl@ study designs can be included in
the same analysis. That is, data from studiesued independent groups, paired/matched
designs can be entered into the program, whichth@spotential to analyze different

design simultaneously.

4. Findings

The comprehensive literature search yielded 10Bn@ily qualified primary studies on
the comparative effects of single and multiple g&sson vocabulary acquisition. Among
these, 34 articles could satisfy the inclusiorecidt for being included in the present meta-

analysis.

4.1. The overall effect size estimate
To measure the magnitude of effects of differensgltypes on L2 vocabulary acquisition,

two groups — a treatment (text + visual) and a robrftext-only) group — were compared
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together in the present meta-analysis and effeesdsior individual studies as well as the
overall effect size estimate were calculated. Theral weighted mean effect size of 34
weighted effect sizes (Hedgey was +0.839 (Table 1). According to Cohen’s rufe o
interpretation of the effect size magnitude (1988g reported effect size was largely

positive for L2 vocabulary acquisition.

Table 1. Overall effect size estimate based on 34 primargliss.

Model Effect size and 95% confidence interval Test of null (2-tail) Heterogeneity Tau-squared
Model Number point  standard variance lower upper Z-value P-value Q-value df(Q) P-value |2 Tau variance tau
Studies estimate error limit  limit Squared
Fixed 34 0.63 0.04 0.002 0.54 0.71 14.32  0.000 327.46 33 0.000 89.91 0.59 0.03 0.77
random 34 0.83 0.14 0.02 0.56 1.11 5.93 0.000
*p<0.05

As reported above, a 95% confidence interval rafrges 0.562 to 1.116. This confidence
interval range does not include the value zerogssiing that multiple-gloss hypertexts
(text + visual) did improve acquisition of L2 voaeabry items. That is, the group which
was provided with multiple hypertext glosses (texstial) outperformed the control group
with access to a single gloss (text-only) on a botay test.

To present a more informative picture of each vimdial study’s statistics, the
following forest plot (Figure 1) has been depictiéds worth mentioning that points to the
left of the line show the outperformance of theghngloss (text-only) group, whereas
points to the right of the line reveal the perfonoa of the multiple glosses (text+visual)
group. The upper and lower 95% confidence inte(@) range for each effect size is
represented through the upper and lower limit eflitie. At the right side of the figure, the
weight assigned to each study is shown pictoridllye size of each square shows the
relative weight of each study to the overall effstde estimate, where larger squares

indicate greater weight.




Teaching English with Technology6(1), 3-25http://www.tewtjournal.org 13
Study name wswllliiijr??trdpy Comparison Outcome Statistics for each study Hedges's g and 95¢ CI ‘wheight (R andom)
H q Standard . . .
edges's g o Wariance | Lowerlimit | pVaue | Upperlmit Z¥alue -4.00 200 0.00 200 4.00 Relative weight
Ahangari & annotation  multiple gloss vs. vocabulary 0196 0.348 0119 -0.481 0570 0.873 0.567 — 278
Gan[2014] annotation  multiple gloss vs. wvocabulary 0.702 0.287 0082 0140 004 1.265 2446 — 294
Moazzeni & annatation  multiple gloss vs vacahulam 1564 0287 00s3 1.000 0.o0n 2127 5440 — 294
Poole annotation  multiple gloss ve. wvocabulary 0.738 (1,466 0217 0174 0113 1.651 1.5686 T 244
Tabatabaei annotation  multiple gloss vs. wvocabulary 1.060 0.3 0145 034 0.005 1.806 27685 —_— 269
Tabatabaei annotation  multiple gloss vs. wvocabulary 0.907 0,374 0140 0173 005 1.640 2424 — 27
Yanguas  annotation  multiple gloss vs. wvocabulary 0.435 0.298 0.083 0150 0145 1.020 1.459 T— 291
Yanguas 1 annotation  multiple gloss vs. vocabulay 0.01e 0.295 oog? -0.562 0357 0533 0.053 b 292
Zarei & annotation  multiple gloss ve. wvocabulary 0214 0,336 0113 0446 0525 0.873 0635 —_1+— 281
Aljabri annotation  multiple gloss vs. vocabulary 0.857 024 0049 0424 0.000 1.290 3678 — 310]
Alabri 1 annotation  multiple gloss ve. wvocabulary 0.477 0214 0.045 0.057 0.026 0.857 2205 —— 311
“Yashi annaotation  multiple gloss vs vacahulam 0.302 0144 0o 0020 0036 0583 21 — 324|
AlMuzallam annotation  multiple gloss vs. wvocabulary 0.752 0nz 0100 01x nos 1372 2373 — 286 |
Gorjian annotation  multiple gloss ve. wvocabulary 0.485 (0.255 [0.065 0.m3 0.057 0.984 1.907 —— 302
Khipabani & annotation  multiple gloss v, wvocabulary 0.002 0.264 [0.063 0515 0995 0518 (.006 —_ 300
Shabani  annotation  multiple gloss vs. wvocabulary ZE1E (.426 0182 1781 0.000 3.451 6139 -+ 256 |
AbuSeileek annotation  multiple gloss vs. vocabulay 0.795 0.263 0.0e3 0279 0oz 1 3020 — 300
AlGhafli annotation  multiple gloss vs. wvocabulary -0.078 0164 0027 -0.398 0E35 0.243 -0.475 — 321
Al annotation  multiple gloss vs. vocabulary 1.063 0273 0074 0528 0.000 1597 3897 — 298|
Chen [2006] annotation  multiple gloss vs. wvocabulary 0630 0.230 0053 0180 0.006 1.081 2742 — 308
Chen 1 annaotation  multiple gloss vs vacahulam 0733 0232 0054 0278 o2 1187 3182 —— 307
Denidder  annotation  multiple gloss vs. wvocabulary 0.287 0182 0033 0.07 0116 0.644 1573 —— 318
Denidder 1 annotation  multiple gloss vs. wvocabulary 0.090 0182 0033 -0.266 0621 0.445 (1.494 —— 318
Faramarzi & annotation  multiple gloss vs. wvocabulary 1.709 [.242 0.059 1234 0.000 2183 7087 — 305
Hzu [2011]  annotation  multiple gloss vs. wvocabulary 0.4339 0,224 0.050 -0.000 0.050 0.879 1.958 —— 309
Kim & annotation  multiple gloss vs. vocabulay 0152 0.252 0064 0343 0543 0.E4E 0.EM —— 303
Lin Tseng annotation  multiple gloss vs. wvocabulary 0.329 0.253 [0.064 0166 0193 0.824 1.302 T+ 303
Lin & Yy annotation  multiple gloss vs. vocabulary 0.108 0.247 0061 0377 0664 0552 0435 —f— 3.04]
Shahrokni  annotation  multiple gloss vs. wvocabulary 2489 0341 NN 1.820 0.000 31858 7290 T— 280
Srichamnon annatation  multiple gloss vs vacahulam 1462 033 0110 0813 0.o0n 21 4417 — 282|
Yeh [2003] annotation  multiple gloss vs. wvocabulary 0167 0.266 oo 0,669 0531 0.355 0627 —H 299
Yoshil (Y] annotation  multiple gloss vs. wvocabulary 0812 0.351 0123 0125 0021 1.500 236 — 277
Yousefzade annotation  multiple gloss vs. wvocabulary 1523 0.252 [0.064 1.029 0.000 207 6.041 — 303
Zainal annotation  multiole oloss vs. vocabulam 5.530 0.400 0160 4746 0,000 6315 1381 2831

Figure 1. Forest plot of the effects of single vs. multiglesses on vocabulary acquisition.

As is evident, all effect sizes reported in thespré meta-analysis were not positive,
indicating that the combination of different gldgpes had sometimes a negative impact on
student learning. This analysis also reveals th@t0%0) of the 34 studies had an effect size
equal to 0.5 or greater, showing that the effeatnatftiple glosses on vocabulary acquisition
was approximately moderate. 14 (42%) studies hadffaat size 0.2 or less and 13 (38%)

effects sizes were 0.8 or larger, showing a snmalllarge effects respectively.

4.1.2 Outlier analysis

To examine the effect of any possible outlier thety cause extraordinary changes in the
weighted mean effect size, an outlier analysis mias Administering a “one-study removal”
analysis, the weighted mean effect size did notngba(ES= 0.839) within the 95%
confidence interval. This implies that there is aglier among primary studies which can
affect the overall effect size estimate.

4.1.3. Publication bias

To detect any publication bias inherent in the entrrmeta-analysis, the funnel plot of the

primary studies was examined. As shown in Figuraldile smaller studies tend to spread
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more widely around the mean effect size at theobowf the funnel (ES= 0.839) due to their

larger standard error , larger studies mainly spagatop of the funnel.

Funnel Plot of Standard Error by Std diff in means

0.0

0.1

0.2

0.3

Standard Error

0.4 [

0.5

Std diff in means

Figure 2. Funnel plots of the effectiveness of single (temly) versus multiple (text+visual) glosses on
vocabulary acquisitione( Represent imputed studies an&how the observed ones included in the meta-

analysis).

As it appears, the effect sizes are not symmelyiadistributed around the vertical line
shaping the funnel plot to an asymmetrical oned@&tect the sources of bias in the present
meta-analysis, the imputed studies were insertékeriunnel plot, revealing a clear tendency
for the smaller studies to give more positive risstihan the larger studies. This can be
accounted for as a sign of publication bias resglfrom the publication of small studies if
their results are significant and positive thathéir results are negative or non- significant.

To calculate the number of unpublished studie$ wibn-significant results which
were considered to be necessary to nullify the alveffects reported in the current meta-
analysis, two tests were run, Orwin’s Fail-safedsts and Classic Fail-safe N. The classic
Fail-safe N test estimated that totally 2318 staidieth null results are needed to nullify the
overall effect size. The Orwin’s Fail-safe N teloaestimated that 395 missing null studies

are needed to make the mean effect size closketoritical value of 0.05.

4.1.4. Analysis of residual heterogeneity

To explore the degree of homogeneity among effee sstimates included in the present
meta-analysis, the test of homogeneity of variandbe Q-test — (Lipsey & Wilson, 2001)
was run. The resulting Q value (Q=327.14, df= 38).p5) as shown in Table 1 rejected the
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hypothesis of homogeneity and showed that varidigtween the effect sizes may not be due
to the sampling error alone and other variables roagtribute to such heterogeneity.
According to the 4 value (the percent of variance between effectssimet caused by chance
alone), 90% of the observed variance between stusdidue to real differences in the effect
size or between-study level variability. Only abdG€6 of the observed variance would have
been expected based on random error. Moderatoysasathat follow might be able to help

clarify this unexplained variability.

Contextual factors affecting the variation between the effects of different gloss types on
vocabulary acquisition

Regarding the significant heterogeneity found betweffect sizes and the possible influence
of some moderator variables, the following methodadal and substantive variables were
considered to be related to the overall effectditbérent types of glossing for L2 vocabulary
acquisition: research design, sample size, L2 geofcy levels, the duration of the program,
second vs. foreign language environments (SL andddpectively), and the publication year.
The overall mean effect sizes (Hedgps 95% confidence interval ranges and the Q-vatue f
all studies as well as subcategories which involtlesl different contextual factors were
calculated (Table 2) and discussed in detail int 3extions. The findings help to see which
contextual factors influenced the effectiveness nuiiltiple and single gloss types on

vocabulary acquisition in these studies.
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Table 2. Summary of moderator analyses

16

Moderator Variable
level

Numb. of Effect
Size (INes)

Effect Size

Lower
() Confidence

Upper
Confidence

Q-value p-value

1. Research design
Randomized
Matched

2. sample size
More than 60 (large)
Less thamn 60 (small)

3. Proficiency lewvel
Advanced
Intermediate
Elementary

4. Duration of the program

High
Lowar

5. Context of learning
EFL
ESL

6. Publication year
2000s
2010s

10
24

0275
0475

0.513
0.378

0.343
0.521
0130

0.602
0363

0.535
0 204

0.312
0.566

2.059
0.955

1.249
1.077F

1.290
1178
1380

2 363
0779

1195
1.150

0817
1.527

D920

0.337
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4.1.5. Research methodological characteristics

4.1.5.1. Research design

According to some researchers (e.g., Abrami & B&tn2006), different research designs are
considered to act as potential sources of varidbemveen effect size estimates. To further
investigate this, all studies analyzed in the aurmmeta-analysis were classified into two
subcategories based on their research design; mapeld experiments (N= 9) in which
subjects were randomly assigned to multiple (teisttad) and single (text-only) hypertext
gloss groups, and matched studies (N= 25) whichewvibose in which subjects in both
experimental (text+visual) and control (text-onlgjoups were matched based on key
variables in the pretest.

As presented in Table 2, the results reveal thaltipe hypertext glosses had a
moderate impact in matched experiments €£31) and lager impacts in randomized studies
(ES= 1.16). Considering the two 95% confidence intlned the two mean effect sizes, both
were statistically significant since they crossetoz However, based on the Q value (Q=
0.92, p>0.05) reported in Table 2, the differenetveen the two effect sizes of subcategories
of research design was not statistically significan

4.1.5.2. Samplesize

To address the variation of learners working eithesmall groups or large ones, the weighted
mean effect sizes for the subgroups were calculdtedhe current meta-analysis, studies
including sample size greater than 60 were grougedarge (n=21) and those who had
participants less than 60 were considered to bdl smas (N=13). The calculation results
show that multiple glosses had large, positive ot$feon large studies (ES= 0.88), but a
medium effect on the small subgroup (ES = 0.72)weéieer, the difference between the large
and small studies effects sizes proved to be statly non-significant (Q= 0.35, p> 0.05).

4.1.6. Substantive features

4.1.6.1. Proficiency level

In order to check the homogeneity of effect siza®ss three proficiency levels of learners,
the weighted mean effect sizes for elementary (Nintermediate (N=25) and advanced (N=
2) proficiency levels were calculated. The ressitew that the treatment had moderate effects

on the subgroup of elementary learners (E5%5), but large effects on the subgroup of
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intermediate (ES .85) and advanced (ES.81). Based on the 95% confidence intervals, the
overall mean effect sizes for the three proficieteyels of learners were shown to be
statistically significant. Moreover, as presentedTable 2, the Q-value (Q=6.53, p<0.05)
showed that heterogeneity between effect sizesadhwee proficiency groups is statistically
significant, shedding light on the hypothesis thatltiple hypertext glosses seem to highly
benefit advanced and intermediate learners in casgato their counterparts in elementary

group for L2 vocabulary acquisition.

4.1.6.2. Duration of the program
To examine whether the intensity of treatment mficed the effectiveness of multiple
hypertext glosses for enhancing L2 vocabulary aitjom, the effect sizes were calculated for
the two subcategories of treatment duration: higt Bw intensity of intervention. It was
revealed that the treatment had a moderate, pesfiect when the treatment duration was
low (ES = 0.57) and a large, positive effect whiea treatment period was high (ES = 1.48);
both of these findings were statistically signifita

Based on Table 2, the test of heterogeneity diowsla statistically significant
difference between the effect sizes of two treatrdenation subcategories (Q= 3.89, p<0.05),
suggesting that more technology use can probabtytie better outcomes.

4.1.6.3. Context of learning

To investigate the effect of multiple hypertextgges in different language learning contexts,
the overall mean effect sizes for second and fardamguage learning conditions were
calculated. The results indicate that the treatnfaiat a medium impact when the learners
learnt a language in an ESL contekBE .67) and large impacts when the participants were
acquiring target vocabulary items in an EFL cont®dth 95% confidence intervals of the
two mean effect size were statistically significahhe analysis of the Q-value (Q= 0.40,
p=0.52) also showed that even though learnersviaegethe treatment in an EFL context
performed slightly better than their counterpartsan ESL context, the difference between

effect sizes in two conditions was not statisticalpnificant.

4.1.6.4. Publication year
Some researchers (e.g. Cheung & Slavin, 2011; Hdeteinn & Gravatt, 1995) have
hypothesized that parallel to the development afcational technology, its effectiveness

improves remarkably too. To test this hypothedisdies which were included in this meta-
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analysis were subcategorized into two time spai®020and 2010s. The mean effect size
estimates for these two time periods were foundet®.56 and 1.54, respectively. Although
the test of heterogeneity show that the differelne®veen learning outcomes resulting from
multiple hypertext gloss application was not stet#ly significant, the present review

provides support for more positive results attaimectcent years.

5. Discussion

Pre-defined inclusion criteria yielded 34 qualifistdidies to be analyzed. The first goal of the
current meta-analysis was to examine the effectdiftdrent hypertext gloss types (multiple
vs. single gloss) on L2 vocabulary acquisition. &dmg this, it was found that multiple
glosses had a large positive effect (ES= 0.83)arabulary acquisition. Like previous meta-
analyses conducted in the same trend, the restlttheo current study reveal that a
combination of different types of glosses (texttpie, video, etc.) generally lead to better
learning outcomes in comparison to traditional Engloss type. The overall effect size
obtained in this study is much larger than thabregal in a recent meta-analysis conducted by
Yun (2011), investigating the effect of multiple geytext glosses on different vocabulary
knowledge (ES= 0.46).

The heterogeneity Q-value obtained in the preserta-analysis proved to be
statistically significant, revealing that the vaioa between effect sizes may be due to factors
other than sampling error alone. To explain thexptaned variation, it was required to
conduct sub-analyses to further investigate thearaidr variables which were hypothesized
to influence the effectiveness of multiple hypettghosses. To discuss the points more deeply,
methodological features like research design amdpkasize as well as some substantive
features such as learners’ proficiency level, lie@rncontext, intensity of intervention,
publication year have been scrutinized to uncowenes potential moderators that contribute
to the variation between effect sizes in the preseta-analysis.

With regard to research design, it appeared t@ mavstatistically significant impact
on the variation between studies although studiés rendomized design had a better mean
effect size (ES= 1.16) than matched studies (ES%)0This finding is in contrast with the
study conducted by Cheung and Slavin (2011), whantphasized the fact that different
research designs yield different outcomes to thergxhat the mean effect size for the quasi-
experimental studies was revealed to be approxiynawdce the size of the effect for

randomized studies.
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When it comes to sample size of studies, somearelsers like Slavin and Smith
(2009) emphasize that small sample size studiemare likely to provide larger effect sizes
compared to those of larger studies. Contrary i® ghggestion, the present study yielded a
larger mean effect size for large studies compa#wetthat of the small ones. That is to say,
studies with small sample size had less statispoaver than large sample size studies: a
small sample size tends to yield a small overaightewhile a large sample size produces a
larger weight. This finding was not in line withaa (1999) and Cheung and Slavin’s (2011)
results, showing that studies with larger sampled less statistical power than those with
small samples. They asserted that hypertext glifsst® on learners’ achievement should be
reported cautiously in cases where sample sizénefstudies is small or medium. Future
research may shed light on confirming or rejectlmg contrasting finding.

Regarding learners’ proficiency levels, the firgnrevealed that multiple hypertext
glosses had larger impact when participants weeaimtermediate and advanced proficiency
level. One justification may be that beginners piai lack enough L2 proficiency to search
through hypertext nodes. As Loewen and Erlam (2@0&)n, learners may encounter some
target items which are beyond their developmemngestavhile they consult with hypertext
glosses. Besides, based on the cognitive load ythé&weller & Chandler, 1991), less
proficient language learners may be unable to Uisdemefits of multimedia glosses in
vocabulary acquisition and reading comprehensia@alee of the high cognitive load of such
multimedia tools (Plass et al., 2003; Sweller, )9%ence, when learners who are at the
intermediate level of language proficiency are cared with beginners, they seem to benefit
more from certain types of glosses. The findinghaf present study is in contrast to Yun’s
(2011) study, reporting that out of all learnersvds beginners with access to multiple types
of glosses that benefited most from multiple glssse reading. The current finding also
supports the results of recent study conducted doy 8alem (2006), showing that due to the
high cognitive load inherent in multiple hypertegibsses, advanced learners took most
benefit from such glosses as compared with leatdmwv or intermediate proficiency level.

As for the intensity of the treatment, the resdt®wed that long duration of the
programs had higher mean effect size estimatesdhart one. It seems to suggest that more
exposure to glosses can lead to better learnirgpmss.

With regard to the learning conditions, it was idee that the treatment had a
moderate impact for the subgroup of ESL contexd, @so large impact for the subgroup of
EFL context. It is worth mentioning, however, thiaé sample size of some subgroups was

quite small, affecting the overall effect size lo¢ treatment. Further analyses including larger



Teaching English with Technologh6(1), 3-25,http://www.tewtjournal.org 21

number of samples especially in ESL/ EFL contextasded to reach a better understanding
of how language learning context affect the effestess of different types of hypertext
glosses.

As for the year of publication, the results showleat studies conducted recently in the

2010s yielded higher mean effect size estimatesapared to those conducted in the 2000s.

6. Conclusion

The current meta-analysis examined the resultglgirBnary studies that compared learners’
target vocabulary acquisition under two conditiomsiltiple glosses (text+visual) and single

gloss (text-only). The overall mean effect size ¥easd to be + 0.83 (p<0.05), indicating that

multiple glosses (text+visual) had a large, positdffect on learners’ vocabulary acquisition

than single mode of glossing (text-only). Moderaoalyses further suggested that intensity
of the program, L2 proficiency level and sampleesizere potential moderators influencing

the heterogeneity between effect sizes, whereake#nring context and research design did
not have such an impact.

The present meta-analysis, like most others, lea®ral limitations. First, some
sources of bias such as publication bias mighbbed in the present meta-analysis resulting
from the great number of unpublished papers anddtle of access to such unpublished
sources. In addition, a great number of significstioidies may be extracted in the present
meta-analysis due to the lack of the availabilitywatical statistical data for the analysis and
inaccessibility of the authors. Besides, few stadanly 9 out of 34 in this study) included a
delayed posttest; therefore, the long-term effectdifferent gloss types on vocabulary
retention is impossible to be determined. Furtlesearch is expected to be conducted having
a design including both immediate and delayed pesttevaluations. Third, besides learners’
proficiency level, learners’ learning styles (vdibers or visualizers) seem to be a critical
moderator variable affecting the final learningamhe. Thus, the learners who prefer verbal
type of glosses (text-only) tend to benefit mosirira single gloss type in the form of text
only gloss when given a chance to select eithardeby or text + visual glosses, while the
learners who prefer visual type gloss tend to bhemebst from a combination of different
gloss modes such as text + visual gloss. Investgatuch moderator variable was not
possible in this study since none of the primand&s provided the detailed information
about the learners’ learning preferences. Futwseareh is needed to fill this gap.

The present study has some pedagogical implicatibirst, hypertext glosses can

yield better learning outcomes if learners are ed with opportunities to acquire essential
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skills to study individually and use their timeetively in a computer environment in which
there is less teacher control as compared to imaditclassrooms. Training sessions can make
students gradually familiar with the CALL environmigshowing how to make more effective
use of glosses. Furthermore, teachers should alsonte aware of the potential of hypertext
glosses and their different types as learning taelsvell as the ways through which different
gloss types can promote efficient language learning
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