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Abstract The study investigates immediate and delayed effects of different hypermedia

glosses on incidental vocabulary learning and reading comprehension of advanced foreign

language learners. Sixty-nine freshman TEFL students studying at a Turkish university

were randomly assigned to three types of annotations: (a) definitions of words, (b) defi-

nitions coupled with associated pictures, and (c) definitions coupled with associated short

videos. Subjects were asked to read an annotated text with the intention of comprehension.

The data were collected through a vocabulary pre-test, a vocabulary post-test, a delayed

vocabulary test as well as a reading comprehension test. In order to measure incidental

vocabulary learning, subjects were not told that they were going to be given vocabulary

tests. Results showed that the groups that had access to definitions along with both types of

visuals had significantly higher vocabulary scores on both immediate and delayed post-

tests than the definition only group. However, no differences were observed on the reading

comprehension test. Finally, the qualitative data revealed that hypermedia reading had

positive impact on participants’ attitudes towards foreign language reading and vocabulary

learning.
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Introduction

The use of hypermedia applications to aid second/foreign language (L2) reading has

received considerable interest. Notable numbers of multimedia software have been devel-

oped for foreign language reading activities, since multimedia is considered a promising

technology to facilitate L2 learning and teaching (Chiquito et al. 1997; Kramsch and

Andersen 1999). These applications provide tools to incorporate glosses into authentic texts,

thus making them more comprehensible for L2 learners and facilitating learning new words

while the focus is on reading, i.e., incidental vocabulary learning. Such input modifications

are more feasible than using simplified texts because they do not deteriorate the authenticity

of the text (Luppescu and Day 1993; Watanabe 1997; Widdowson 1984). In terms of

vocabulary learning, they are preferred for working out the meaning of words from the

context (Hulstijn et al. 1996; Luppescu and Day 1993; Watanabe 1997; Widdowson 1984)

because they increase the flow of reading, independence from dictionaries, and accuracy in

finding meaning (Nation 1990). Since glosses in a hypermedia environment can be provided

not only in the form of text, but also audio, picture, video, and sound, it has become crucial

to investigate whether multimodal glosses or annotations are effective in facilitating reading

comprehension and vocabulary learning. Thus, the present study explores the effects of

multimedia annotations, particularly pictures and videos, on vocabulary learning and

reading comprehension of advanced learners of English as a foreign language.

Multimedia and learning

It is suggested that multimedia can have a positive impact on L2 learning and teaching due

to its integration of different media (Kramsch and Andersen 1999; Shea 1996). The the-

oretical foundations for learning in multimedia environments have been developed within

Dual Coding Theory (Paivio 1986) and Cognitive Load Theory (Chandler and Sweller

1991; Sweller 1994; Sweller et al. 1998). Mayer (1997) integrates these two theories and

proposes the Generative Theory of Multimedia Learning.

Dual Coding Theory concerns how information is represented in the mind and assumes

that images and verbal representations exist in two separate subsystems that complement

each other in facilitating retention of information. One of these subsystems is specialized

for the representation and processing of non-verbal objects and the other is specialized for

dealing with language. Paivio (1986) calls the non-verbal system the imagery system
because its function is to analyze scenes and generate mental images. This function also

covers other sensory modalities such as environmental sounds and feel of object. On the

other hand, the verbal system deals with language-specific representations such as auditory

and visual words, and writing patterns of these words. In brief, the theory implies that

learning is facilitated when materials that involve both the imagery system and the verbal

system are used simultaneously.

On the other hand, Cognitive Load Theory suggests that the processing capacities of

visual and verbal working memories are severely limited unlike the long-term memory.

Presenting too many elements to be processed in visual or verbal working memory can lead

to cognitive overload. Thus, several messages of instruction should be coded as a single

element in ways that will minimize the chances of overloading learners’ cognitive system

(Chandler and Sweller 1991).

Mayer (1997) builds up his Generative Theory of multimedia learning integrating these

theories and provides a framework for instructional presentations. He argues that
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meaningful learning requires the selection of relevant words and images from the presented

input to be stored either in auditory/verbal or the visual/pictorial channel depending on the

type of the input. Learners, then, organize this information into a coherent piece of verbal

representation and visual representation separately. Finally, they integrate verbal and

visual representations into an already existing mental representation (i.e., schemata).

Therefore, meaningful learning occurs when learners can construct and integrate visual and

verbal representations of the material.

Mayer (2001) identifies three main assumptions underlying his theory: (a) separateness

of visual and verbal information during processing (dual channels assumption), (b) lim-

itedness of each channel (limited capacity assumption), and (c) active involvement of

learners in knowledge construction (active processing assumption). In brief, the theory

suggests that presentation of words and pictures simultaneously and eliminating extraneous

media modes leads to better learning outcomes. Studies conducted with first language (L1)

learners have provided evidence for Mayer’s theory (Mayer 2001; Mayer and Moreno

2002; Mayer and Sims 1994; Mousavi et al. 1995).

Research on the effectiveness of electronic glosses for L2 incidental vocabulary

learning

The popular view that L2 vocabulary is mostly gained incidentally within a meaningful

context is rooted in Krashen’s (1982, 1994) Input Hypothesis and acquisition-learning

distinction. Input Hypothesis claims that exposure to input at the right level of difficulty is

both necessary and sufficient for L2 acquisition to take place. If input is comprehensible

and there is enough of it, learning automatically occurs. Krashen (1982) proposed that

there are two distinct knowledge systems available in L2 settings: acquisition and learning.

Broadly defined, acquisition refers to implicit learning since the process operates inci-

dentally and results in implicit or intuitive knowledge (Zobl 1995). This type of learning

involves acquiring rules and structures through a subconscious process (Krashen 1982). On

the other hand, learning is a conscious process involving conscious awareness of the rules

and structures in a language.

Within the context of acquisition-learning distinction, incidental vocabulary learning is

defined as acquiring vocabulary items as a by-product of language use when the focus of

learners’ attention is the meaning to be conveyed rather than the linguistic structure (Wesche

and Paribakht 1999; Wode 1999). Thus, incidental vocabulary learning takes place when

the focus of the main cognitive activity is not on learning words, but on understanding the

message of the oral or written exchange. On the other hand, intentional vocabulary learning

takes place when the explicit goal of the learning activity is to acquire the form and meaning

of a word (De Ridder 2003). Incidental vocabulary learning is preferred to intentional

learning since (a) it is individualized, (b) it occurs in a contextualized form giving learners a

sense of words’ use in real situations, (c) it is more permanent, and (d) it enables vocabulary

acquisition and reading to occur simultaneously (Huckin and Coady 1999).

While it is difficult to distinguish the two types of learning, Laufer and Hulstijn (2001)

suggest that intentional learning is triggered when learners are pre-announced of a reten-

tion test to be given after the completion of a reading task. In the absence of such

forewarning, incidental learning is induced. Most of the studies on incidental and inten-

tional vocabulary learning base their design on this methodological distinction (De Ridder

2003; Horst et al. 1998; Hulstijn 1992; Joe 1995; Laufer and Hulstijn 2001; Newton 1995;

Paribakht and Wesche 1999; Rott 1999).
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Using a similar methodology, Knight (1994) explored incidental vocabulary learning

from access to an electronic dictionary. She found that dictionary access enhanced the

performance of both low and high verbal ability learners on the unannounced vocabulary

tests where they were required to select definitons of words as well as to supply definitions.

She also found that the low verbal ability learners especially benefitted from access to the

dictionary because they learned as many words as the high verbal ability learners.

Chun and Plass (1996) took a step further and explored the effectivess of different types

of multimedia glosses for incidental vocabulary learning. One hundred and sixty American

university students of Spanish were asked to read a story that contained a variety of

annotations for words in the form of text, pictures, and videos. In vocabulary post-tests,

students were asked to provide L1 equivalents of the targeted items and select the L2

equivalents of them in a multiple-choice test. Results showed a high rate of incidental

vocabulary learning (25% accuracy on production tests, 77% on recognition tests).

Moreover, words that were annotated with text along with pictures led to higher scores in

comparison to those that were annotated with text along with videos and with text only.

Seghayer (2001) conducted a similar study with 30 intermediate L2 students who were

asked to read a narrative English text, where words were annotated with text, picture, and

video. Participants were measured under three conditions: definitions alone, definitions

coupled with pictures, and definitions coupled with videos. Immediate recognition and

production tests indicated that a video clip is more effective in teaching unknown words

than a still picture as opposed to the findings of Chun and Plass (1996).

Yoshii (2006) investigated the effectiveness of pictures on incidental vocabulary

learning as well. One hundred and ninety-five Japanese university students were randomly

divided into four groups using four different annotation types in an English text: L1 text-

only annotations, L2 text-only annotations, L1 text coupled with pictures, and L2 text

coupled with pictures. Findings showed no significant differences between L1 and L2 text-

only annotations. However, participants that were exposed to pictorial annotations were

more successful in terms of definition-supply tests. Finally, an interaction between the

language and the use of pictures was found, that is, L2 annotations seemed to benefit

more than L1 annotations did when supported with a picture.

These studies suggest that multimedia annotations with word definitions and visuals

(e.g., pictures and videos) help learners learn vocabulary more efficiently than annotations

with word definitions alone. However, findings are inconclusive regarding the relative

importance of the type of visual annotations (i.e., pictures and videos). Studies of Chun and

Plass (1996) and Seghayer (2001) had within-subject designs, that is, the same group of

students are exposed to different types of glosses for different words. Thus, differences in

learning outcomes might be attributed to learning difficulties imposed by different words

rather than the annotation type. The present study employs a true experimental design

where different annotation types for the same group of words were tested separately with

randomly assigned experiment groups.

Research on the effectiveness of electronic glosses for L2 reading

Research on the effectiveness of electronic glosses on L2 reading has revealed inconclu-

sive results. In an early study, Leffa (1992) compared the effectiveness of traditional

dictionary with electronic glossary to aid the comprehension of an authentic text for

beginning level learners. The task used as the reading comprehension measure was

translation of the English text to Portuguese. The results revealed that subjects who had
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access to electronic glosses did not only take significantly less time to read the text but also

performed significantly better on the reading comprehension task. On the other hand, Roby

(1991 cited in Roby 1999) who compared the use of dictionary and glosses on paper and

computer observed no differences among the four experimental groups (i.e., paper dic-

tionary, paper dictionary and glosses, computer dictionary, computer dictionary and

glosses) in terms of reading comprehension. Similarly, Davis and Lyman-Hager (1997) did

not find a meaningful relationship between access to annotations and reading compre-

hension. In contrast, Lomicka (1998) found that participants in full glossing condition (i.e.,

L1 translations, L2 definitions and pronunciations, images, references and questions)

scored significantly higher in reading comprehension than participants in limited glossing

(i.e., L1 translation and L2 definitions) and no glossing conditions.

Knight (1994) considered an important variable (i.e., verbal ability) in her investigation

of the effect of annotations on reading comprehension. One hundred and five intermediate

students were divided into high and low verbal ability groups. She found a substantial

relationship between reading comprehension and access to annotations for low verbal

ability group (r = .68), however, the relationship was low for high verbal ability group

(r = .17). This suggests that low verbal ability learners may benefit more from annotations.

The effect of verbal ability was also explored by Chun (2001), who conducted a study with

L2 learners of German who were exposed to two versions of an electronic text: the first text

had an internal dictionary (i.e., glossary) and an external dictionary (online), whereas the

second text had only an external bilingual dictionary. Findings confirmed those of Knight

(1994). That is, the low ability group benefited more from an external and internal bilingual

dictionary than the high ability group.

Studies conducted by Ariew and Ercetin (2004) and Şakar and Ercetin (2005) shed

doubts on the usefulness of annotations for L2 reading. These studies investigated sound,

picture, and video annotations in addition to textual annotations. In the Ariew and Ercetin

study, 84 intermediate and advanced adult ESL learners were exposed to an electronic

expository text, which included multimodal annotations that provided both lexical and

topical information. Results indicated that annotation use did not correlate with reading

comprehension for the advanced group. Moreover, there were negative correlations

between reading comprehension and picture and video annotations, and no correlations

between reading comprehension and other types of annotations for the intermediate group.

This study was replicated with 44 intermediate EFL students in Şakar and Ercetin’s study.

They found that audio and video annotations correlated negatively with reading compre-

hension where as no relationship was observed between reading comprehension and other

types of annotations.

Plass et al. (2003) suggest that the effects of annotations may interact with learning

styles. Learners of German were given a story that contained verbal annotations (trans-

lation of words) and visual annotations (picture or video representing the word). The

subjects were categorized as verbalizers and visualizers based on their use of annotations.

It was concluded that the subjects recalled propositions better if they involved their pre-

ferred mode of annotation.

Ko (2005) investigated the effectiveness of the language of annotations on reading

comprehension. One hundred and six Korean undergraduate students read an English text

under three conditions: no gloss, L1 gloss, and L2 gloss. Qualitative analysis revealed that

both types of glosses made reading comprehension smoother and faster. On the other hand,

quantitative analysis indicated that only L2 glosses affected students’ reading compre-

hension. Moreover, 62% of learners favored L2 glosses for their reading material.

However, as Taylor (2006) suggests, the results might be attributed to the level of the
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learners. That is, glossing could have differential effects on reading comprehension

depending on the level of the learners.

To sum up, easy access to annotations may reduce study time, but it is not clear whether

they facilitate reading comprehension. The issue gets more complex when it is investigated

in relation to individual difference variables such as proficiency level, verbal ability, and

learning styles.

Studies reviewed above have mostly employed quasi-experimental designs, thus did not

have control over significant learner variables such as language proficiency, prior

knowledge, individual learning styles, topic interest and so forth. The current study has

employed a true experimental design where the participants were randomly assigned to

different types of annotations. Moreover, studies on incidental vocabulary learning have

not investigated retention; it is essential to examine how long the vocabulary gains will last

(Waring and Takaki 2003). Therefore, the current study explores the effects of different

types of multimedia annotations on incidental vocabulary learning of advanced learners of

English through immediate and delayed measurements.

The research questions of the study are as follows:

1. What types of multimedia annotations is more effective in facilitating L2 incidental

vocabulary learning?

2. What type of multimedia annotation leads to better retention of vocabulary?

3. Do multimedia annotations have an impact on reading comprehension?

Experimental design

Participants

The study was conducted in a foreign language education department at a Turkish uni-

versity where the medium of instruction is English. Sixty-nine freshman students (22 males

and 47 females) participated in the study. These learners can be considered advanced

learners of English since they were required to have either a minimum score of 213 on the

computer-based TOEFL, or a minimum score of seven on the IELTS, or a minimum score

of C (i.e., equivalent of seven on the IELTS) on the university’s English proficiency test to

be admitted to the freshman class. They all possessed basic computer skills such as con-

ducting web searches, using e-mail, Microsoft Word, Microsoft Excel, and Microsoft

PowerPoint.

Materials

Apparatus: hypermedia reading software

Using the reading software designed by Ariew (1999), a hypermedia text was generated.

The software allowed integrating glosses to an electronic text and collecting data with its

built-in tracking tool. Thus, the frequencies of access to annotations, the order in which they

were accessed, and the amount of time spent on reading were recorded by the tracking tool.

The primary text came from an advanced reading book by Smith and Mare (1997). In

order to choose the text, subjects were given a list of topics and were asked to rate them on

a 5-point scale for interest. Four topics that had an average rating of 3.5 and above (out of

5) were selected and the one that was the most suitable to annotate based on the available

504 Y. Akbulut

123



resources, ‘‘Playing with Fire’’ was determined as the text of the study. The text consisted

of 1,330 words.

A hardcopy version of the original text was piloted with 20 senior students who did not

participate in the original study in order to determine the words to be annotated. Students

were asked to read the text and underline every single vocabulary they did not know. They

were not given a time limit and it took them approximately 10.5 min to complete the task.

A total of 42 words were underlined as unknown vocabulary all of which were included in

the final version of the software.

Beside the researcher, two people were hired to search for digital pictures and videos to

include in annotations. For each annotated word, the researcher had at least four picture

and three video options to choose from. The pictures and videos were collected in a CD

and four English teachers were asked to choose the most suitable pictures and videos for

given words. Beside the contents of the images, the quality was also taken into consid-

eration and pictures with high resolution were preferred. Then, each picture was stan-

dardized to a size of 450 pixels width and 303 pixels height. The videos used were similar

to each other in length and quality. The mean length of the videos was 13.7 s (SD: 1.07).

For definitions of words, the American Heritage Dictionary (2000) was used as the source

of all the word definitions. After the annotations were integrated into the software, six

English teachers verified the electronic text for user-friendliness and quality of image

annotations. According to their comments, three of the videos and five of the pictures were

changed since those were not found to be clear enough to describe the target word. Figure 1

illustrates a screen shot showing the layout of the software.

Annotated words were highlighted in blue. When the reader clicked on a highlighted

word or phrase, a small box appeared that contained the annotation type or types available

(i.e., text, graphics and movie). The reader could choose from available annotations in the

software.

Three parallel forms of the very same text were prepared. The first form included only

textual definitions, which provided the definition of a word or phrase, and its grammatical

form—noun, adjective, verb, etc. The second form included an associated picture of the

highlighted word in addition to the very same definition provided in the first form. The

third form included an associated video and the very same definition provided in the other

groups. When the relevant links were clicked, definitions, pictures, and videos were pre-

sented at the top-left side of the screen. In picture and video groups, participants were free

to choose either one type of annotation or both types provided. Annotations were presented

successively when they were clicked rather than simultaneously.

The text was presented in a linear order in nine pages and students were allowed to go

forward and backward in the text by clicking on one of two arrow-buttons provided at the

bottom of the screen. A navigation map was provided at the top-left side of the screen in order

to indicate which page the student was reading and how many pages there were left to read.

Vocabulary tests

Three types of vocabulary tests were developed: form recognition, meaning recognition

and meaning production based on the tests used by Knight (1994), Rott (1999), and Waring

and Takaki (2003). The tests were piloted with 26 third-year students who did not take part

in the experiment.

Form recognition test. This test included a checklist in which students were asked to

indicate the words they remembered from the text. The checklist included 42 target items

and 30 fillers. Thus, the highest possible score was 42. After the pilot study, items were
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reordered from the easiest to the most difficult according to their item facility1 values.

Fillers were also modified after a distractor efficiency analysis. The first section of the test

took 6.5 min to complete in the pilot group, so the time on task was determined as 7 min.

Meaning production test. This test involved students writing the L1 equivalents or

synonyms of every target word. The students were free to answer in either L1 or L2. Each

Fig. 1 A screenshot showing the layout of annotations

1 Item facility is the proportion of students who answered a particular item correctly (Brown 1996). Thus, if
nine students out of 10 answered an item correctly, the item facility value is 90%, which means that the item
is very easy.
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correct answer in this section was awarded two points and incomplete answers were

awarded one point. Thus, the highest possible score was 84. It took 10 min for the pilot

group to complete the section, so the time on task for this part was determined to be

11 min. Two independent raters scored the test and an inter-rater reliability of .95 was

found for the pre-test, .98 for the immediate post-test and .97 for the delayed post-test.

Meaning recognition test. This part was a multiple-choice test whose first half involved

synonym recognition and the second half involved definition recognition. This part in-

cluded every single word that was annotated in the text. The American Heritage Dictionary

(2000) was used for word definitions and Roget’s thesaurus was used for synonyms. In the

pilot study, junior students were asked to read the hardcopy version of the text, since the

development of the software was not completed yet. Annotated words were given in bold

and they were numbered. The definitions were provided as a glossary at the end of the text.

Then the group was given the test, which took 10.5 min to complete. The item facility, item

discrimination2 and distractor efficiency analyses were conducted and inefficient items

were modified. Cronbach’s alpha values in the actual data collection were .76 for the pre-

test, .72 for the post-test and .69 for the delayed post-test.

The first and third sections of the test were piloted twice, since they required item

development. However, the second part had an already reliable format in the literature.

Thus, it was piloted just once in order to determine ideal timing. The first part of the

vocabulary test required readers to have read the passage beforehand. Thus, it was not

given as the pre-test. However, the second and the third parts were given as pre-tests

approximately 2 weeks before the experiment as suggested in Horst et al. (1998).

Reading comprehension test

The reading comprehension test consisted of a multiple-choice and a true–false section.

The test aimed to measure global and local comprehension (Urquhart and Weir 1998, p.

115). The true–false contained 22 questions and each question had a third choice called

‘‘no information’’. This reduced the chance of getting the right answer by guessing alone

from 50% to 33%. The multiple-choice part consisted of 12 questions, four distractors for

each. The test was developed by the researcher with the assistance of an expert, and was

edited by a native speaker to eliminate odd structures or unidiomatic language. Admin-

istration procedures including speed and time control were determined after a pilot study.

The pilot group, 22 junior students, completed the test in 14 min. Items with inappropriate

item facility and item discrimination values were modified. Cronbach’s alpha for the

multiple-choice part was .79 and that of true–false part was .70.

Background questionnaire and semi-structured interviews

Immediately after the administration of the software, a background questionnaire was

administered to gather demographic information about the subjects. The questionnaire also

had a section asking the subjects to rate the usefulness of annotations. Within 4 days after

the administration, semi-structured interviews of 6–8 min were conducted with 91% of the

subjects (63 of 69). The goal was to gather supplementary data about their experience with

2 Item discrimination is the difference between the item facility values of the high achievers (usually the top
33%) and the low achievers (usually the bottom 33%) in a class (Brown 1996). If this difference is high, it
means that the item can efficiently differentiate between students who know the answer from those who do
not.
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hypermedia reading and their opinions of the effectiveness of annotations. The researcher

asked for clarification and elaboration when the subjects responded with short answers or

nods.

Procedure

Students were randomly assigned to three groups and those groups were randomly assigned

to three forms. Each group consisted of 23 subjects. Eleven days before the administration

of the software, students were given two sections of the vocabulary test (i.e., meaning

recognition and meaning production). The software was administered successively on the

very same day. Before the reading session, students were provided with a demonstration on

how the software worked. The groups were told to read the text carefully since they would

have a reading comprehension test after reading. Due to laboratory limitations, subjects did

not have a chance to go back to the passage while answering the questions. Therefore, they

were allowed to take notes on a piece of paper. Immediately after the reading session,

students moved to a large classroom and were given the unannounced vocabulary test, the

reading comprehension test and the background questionnaire successively. Subjects

were not allowed to use their notes during the vocabulary test. Within 4 days following the

administration of the software, 20 students from the first group, 22 students from the

second and 21 students from the third were given semi-structured interviews. Exactly

3 weeks later, again unannounced, all students were given the vocabulary test again.

Data analysis

Since the subjects were randomly assigned to the groups, the groups were considered to be

equal in all respects. However, a further comparison of the groups on grade point average

(GPA), prior topical knowledge, topic interest, L2 reading ability, PC aptitude, Internet

use, learning style, language proficiency, gender and frequency of access to annotations

was conducted in order to determine whether the groups differed from each other in terms

of these confounding variables at a probability value of .05 or below. One-way between-

groups ANOVA was conducted for the analyses and the Kruskal–Wallis Test was used

when the assumptions of the ANOVA were not sustained. The results of these analyses

revealed that the groups did not differ from each other on any of the variables listed above.

The vocabulary and reading comprehension test scores were analyzed using analyses of

variance. The normality and homogeneity of variance assumptions of the ANOVA were

checked before running the analyses. Whenever there were more than two levels in the

repeated measures variable of a two-way ANOVA, Mauchly‘s Test of sphericity was used.

When the sphericity assumption was not sustained, Geisser-Greenhouse correction was

applied to control for Type I error. Significant F values were followed up by using the

Scheffé post-hoc comparison in order to have a high degree of control over Type I errors.

When the assumption of equal variances was not sustained, the Tamhane method of

posteriori comparison was used.

Since the analyses were conducted on four different dependent variables, a Bonferroni

adjustment was applied in order to avoid inflated Type 1 error rate. Thus, the p-value was

set at .01. After each analysis, effect size and power indices were also reported to examine

the practical significance of any detected statistical significance.

The interview data were coded and analyzed via content analysis. The inductive coding

technique suggested by Strauss and Corbin (1990) was particularly helpful. More
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specifically, initial data were audio-taped, transcribed, and reviewed sentence by sentence.

Then, frequent or dominant themes inherent in statements were listed. The list of the

statements that emerged from this analysis was also reviewed by another independent rater,

and a consensus on the statement patterns between the researchers was built.

Results

Effects of multimedia annotations on L2 vocabulary learning

Separate analyses were conducted for form recognition, meaning recognition, and meaning

production.

Form recognition

Means and standard deviations of the groups on immediate and delayed observations of

form recognition task are provided in Table 1.

As the table shows, all groups got lower scores on the delayed post-test. Moreover,

groups that received definitions along with visual annotations seem to have performed

better than the definition-only group on both the immediate and delayed post tests. In order

to determine whether these differences were statistically significant, a 3 (Annotation

type) · 2 (Time: Post-test and delayed post-test) mixed-design ANOVA was conducted. A

main effect for annotation type (F2, 66 = 6.343, p < .003, n2 = .161) and a main effect for

time (F2, 66 = 54.137, p < .001, n2 = .451) were found along with large effect sizes. The

interaction between time and annotation type was not significant. The main effect of

annotation type was further examined via post-hoc comparisons using the Tamhane pro-

cedure. Multiple comparisons indicated that the picture and the video group performed

significantly better than the definition only group on form recognition test in both

immediate and delayed post-test.

Meaning recognition

Table 2 provides the means and standard deviations of the groups on pre-, post-, and

delayed post-test for the meaning recognition test.

The means suggest that the groups performed similarly on the pre-test. However, the

differences among the groups were larger on the immediate post-test. On the delayed post-

test the means of the video and picture group were almost the same but both means were

higher than the mean of the definition group. In order to determine whether these differ-

ences were statistically significant, a 3 (Annotation type) · 3 (Time: Pre-test, post-test, and

Table 1 Means and standard deviations of immediate and delayed post-tests: form recognition test

Observation Groups

Definition Definition & Picture Definition & Movie

Mean SD Mean SD Mean SD

Immediate 30.17 6.76 35.30 5.04 36.96 4.68

Delayed 26.48 7 30.43 7.39 30.48 5.86
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delayed post-test) mixed-design ANOVA was conducted. The interaction between

annotation type and time of measurement was significant (F4, 132 = 3.662, p < .01,

n2 = .10), suggesting that means of the groups differed depending on the time of mea-

surement. Whenever there is a significant main effect for interaction in a two-way

ANOVA, simple main effects are not taken into account and the interaction is interpreted

(Huck 2000). The interaction is illustrated in Fig. 2.

The figure suggests that all of the groups were more successful on the immediate post-

test than the pre-test. The interaction between time and annotation type was significant on

the immediate post-test (FImmediate = 4.797, p < .01); the video group got the highest scores,

the picture group ranked second and the definition group got the lowest scores. On the

delayed post-test, the interaction was not significant according to our adjusted p-level

(FDelayed = 4.01, p < .023). However, orthogonal contrasts revealed that the combined mean

of the visual groups was significantly higher than that of the definition-only group

(T67 = 2.553, p < .01) whereas the mean difference between the video and the picture group

was not significant (T44 = 1.534, p > .05). Thus, this suggests that retention was better in

the visual groups in terms of meaning recognition.

Meaning production

Table 3 provides the means and standard deviations for the meaning production test.

As the table indicates, all groups demonstrated the best performance on the immediate

post-test. Even though they got lower scores on the delayed post-test, these scores are still

Table 2 Means and standard deviations for vocabulary immediate and delayed post-test: meaning
recognition test

Observation Groups

Definition Definition & Picture Definition & Movie

Mean SD Mean SD Mean SD

Pre-test 20.44 4.43 20.52 4.85 21 4.17

Immediate post 26.78 6.45 28.91 4 31.17 4.16

Delayed post 24.13 6.22 27.17 5.23 27.04 5.36

Fig. 2 Estimated marginal means for meaning recognition part
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higher than the pre-test scores. The video group had higher scores than the other two

groups in both immediate and delayed post-tests. To determine whether these differences

were statistically significant, a 3 (Annotation type) · 3 (Time: Pre-test, post-test, and

delayed post-test) mixed design ANOVA was conducted. All the main effects were

statistically significant with large effect sizes. The interaction was also significant (F4,

132 = 6.277, p < .001, n2 = .16), so the simple main effects were ignored. The potential

source of the interaction can be deduced from Fig. 3.

As the figure suggests, the video group seemed to have the best performance on both

immediate and delayed post-tests, while the picture group ranked second and the defini-

tion-only group ranked last. The interaction between time and annotation type was

significant on both the immediate and delayed post-tests (FImmediate = 7.022, p < .002;

FDelayed = 12.318, p < .001). Orthogonal contrasts on the immediate post-test revealed that

the difference between the definition group and the combined scores of the visual groups

was statistically significant (T67 = 2.693, p < .009), while the difference between the video

and the picture groups was not significant (T44 = 1.327, p < .19). On the delayed post-test,

similar results were observed. The difference between the combined scores of the visuals

and the definition-only group was significant (T67 = 3.121, p < .003), whereas the differ-

ence between the video and the picture group was not significant (T44 = .737, p < .464).

To sum up, these results suggest that glosses facilitate both incidental vocabulary

learning and retention. However, providing visual glosses along with definitions seem to

lead to better learning. Moreover, there seems to be no superiority of the one type of visual

Table 3 Means and standard deviations: meaning production test

Observation Groups

Definition Definition & Picture Definition & Movie

Mean SD Mean SD Mean SD

Pre-test 15.96 6.73 16.30 7.65 16.43 7.97

Immediate post 32.48 15.77 40.13 13.71 46.22 17

Delayed post 26.04 12.06 35 12.44 37.83 14.41

Fig. 3 Estimated marginal means for meaning production part
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annotation on the other. Both pictures and videos seem to facilitate vocabulary learning

equally well.

Effects of multimedia annotations on L2 reading comprehension

As stated in the data analysis section, the groups did not differ in terms of prior knowledge

of the topic (F2, 66 = .656, p > .52). Thus, reading comprehension scores were analyzed

using a one-way ANOVA instead of an ANCOVA. An examination of the means revealed

that the picture group had the highest mean, followed by the video group and the definition

group (Table 4).

To determine whether these differences were statistically significant, a one-way

ANOVA was conducted. The ANOVA summary table is provided in Table 5.

As the table suggests, the reading comprehension scores of the groups did not differ

significantly (F2, 66 = 2.054, p = .136). However, this result should be considered with

caution since the power of the test was .41, which is less than the desirable power of .80.

This suggests that the sample size was not large enough to detect a significant effect of the

apparatus in the population.

The quantitative findings are summarized in Table 6.

Table 4 Means and standard deviations for reading comprehension test

Group Mean SD

Definition (D) 15.30 3.57

Definition & picture (DP) 17.43 3.69

Definition & movie (DM) 16.09 3.55

Table 5 ANOVA summary table for the reading comprehension test

Source SS df MS F

Between groups 53.420 2 26.710 2.054

Within groups 858.348 66 13.005

Total 911.768 68

Table 6 Summary of the quantitative findings

Effects of multimedia
annotations on:

Finding

Form recognition Video group performed the best. Both the picture and the video group
performed better than the definition-only group in immediate and delayed
post-tests. No difference between the visual groups was found

Meaning recognition Video group performed the best. Visual groups performed better than the
definition-only group. Moreover, retention was better in the visual groups.
No difference between the visual groups was found

Meaning production Video group performed the best. Visual groups performed better than the
definition-only group in both immediate and delayed post-tests. No
difference between the visual groups was found

Reading comprehension No differences were observed among the groups on the reading
comprehension test
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Insights from the interviews and questionnaires

In the interviews, subjects’ responses to the questions regarding the usefulness of anno-

tations for vocabulary learning and reading comprehension were investigated. A total of 92

statements regarding the usefulness of annotations for vocabulary learning were listed.

In 48% of the comments, subjects indicated that the annotations were quite useful for

vocabulary learning. Most of the students listed the vocabulary items they learnt from the

hypermedia reading material in order to show that they learnt new words. In 13% of the

comments, subjects reported that they were aware of the improvements in their vocabulary

knowledge from the pre-test to post-test. They indicated that they were more self-confident

and successful on the post vocabulary tests. Sixteen percent of the statements, which were

made by the groups that had visual annotations along with the definitions, suggested that

visuals made target words more ‘‘memorable.’’ In 15% of the statements, subjects claimed

that they did not directly remember or produce the target words; however they became

familiar with them. They also reported that they would try to remember or learn them if

they were again exposed to the material. Most subjects claimed that they would remember

the words if they saw them again.

Only 8% of the comments on annotations were either neutral or negative. In 6% of the

comments, subjects indicated that they did not need annotations since they could work out

the meaning from the context. Finally, in 2% of the statements subjects claimed that the

annotations were neither relevant nor useful.

As for the questions regarding the usefulness of annotations for reading comprehension,

a total of 67 statements from 63 students were listed. In 74% of the statements, subjects

indicated that they would not have understood either some of the material or most of the

material if the material had not been supported with annotations. Fifteen percent of the

comments indicated that annotations saved time and made the reading process easier. Six

percent of the statements made by the subjects in the visual groups indicated that the

reading process would have been boring without annotations. However, no such comment

came from the subjects in the definition group. Out of 67 statements, only three statements

regarding annotations (4.8%) were either negative or neutral. In two of those statements,

subjects complained that annotations interrupted their reading pace and made them lose

concentration. Finally, one student reported that she did not need annotations at all.

Subjects were asked to rate the usefulness of annotations in the background question-

naire, too. A Kruskal–Wallis one-way ANOVA revealed that the groups did not differ in

terms of the ratings they gave for the usefulness of definitions (H2, 65 = 1.508, p > .471).

The majority of the subjects (93%) rated definitions as ‘‘useful (23.5%)’’, ‘‘very useful

(48.5%)’’ or ‘‘essential (20.6%)’’. Seventy-three percent of the subjects who were exposed

to visual annotations rated visual annotations either ‘‘useful (22.7%)’’ or ‘‘very useful

(36.4%)’’ or ‘‘essential (13.6%)’’.

Discussion

Findings of the study suggest that combining definitions of words with associated visuals

regardless of the type of visual used is more effective in facilitating vocabulary learning

than providing only definitions of words. This finding was observed in all vocabulary tests,

namely form recognition, meaning recognition, and meaning production. The facilitative

effects of combining visuals with word definitions were especially observed in meaning

recognition and meaning production tests where participants performed significantly better
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not only on the immediate post-test but also on the delayed post-test. In other words, the

effect of visual annotations on retention tasks is more obvious in meaning related tasks in

comparison to mechanical tasks involving recognition of vocabulary form.

These findings are in line with the Generative Theory of Multimedia Learning, par-

ticularly with the dual channels assumption, which suggests that it is better to present an

explanation in words and visuals than solely in words. Mayer (2001) claims that a sound

evaluation of whether a multimedia presentation works is based on the measures of

transfer and retention. Transfer refers to the ability to use the material in the multimedia

presentation to solve new problems, and retention refers to the ability to remember the

important verbal material in the multimedia presentation. In this study, evidence for

transfer was obtained by the use of multiple vocabulary tasks. Moreover, evidence for

retention was obtained by the use of a delayed post-test. Thus, the results suggest that a

combination of definitions with visuals leads to better performance not only on multiple

tasks but also on retention tasks with regard to vocabulary learning.

Findings of the study also support the findings of other studies (Chun and Plass 1996;

Seghayer 2001) to some extent. While Chun and Plass found that definitions combined

with pictures were more effective in facilitating incidental vocabulary learning, Seghayer

(2001) found that definitions combined with videos led to better incidental vocabulary

learning. Even though the video group had the highest scores in all vocabulary tasks,

findings did not favor either videos or pictures with statistically significant results, and

suggest that videos coupled with definitions can be as effective as pictures coupled with

definitions in facilitating incidental vocabulary learning. In sum, the availability of visual

annotations along with word meanings helped L2 learners perform better on vocabulary

tests than a single type of textual annotation.

As for L2 reading comprehension, the results of this study confirm Ariew and Erçetin’ s

(2004) findings, which suggested no relationship between annotation use and reading

comprehension for advanced L2 learners. On the other hand, similar studies conducted

with intermediate learners revealed contradictory results. While Davis and Lyman-Hager

(1997) found no relationship between annotation use and L2 reading comprehension,

Ariew and Erçetin (2004), and Şakar and Erçetin (2005) found that certain types of

annotations had negative effects on reading comprehension of intermediate L2 learners.

Thus, it can be concluded that the type of annotations to be incorporated into electronic

texts must be carefully selected depending on the proficiency level of learners.

To sum up, this study provided evidence for facilitative effects of multimedia anno-

tations for L2 incidental vocabulary learning. Even though these annotations may not

necessarily facilitate L2 reading comprehension for advanced level learners, they do not

have negative effects, either. Especially considering the positive reactions of students to

hypermedia reading, it seems plausible to integrate visual annotations in hypermedia

reading texts.

Findings of the study suggest important pedagogical implications for the use of hy-

permedia in L2 vocabulary learning and reading. In hypermedia reading environments,

interaction between the reader and the text provides individualized learning and promotes

learner autonomy. More specifically, learners can have control over their learning process

and learn at their own pace. Therefore, both slow learners and fast learners can make use of

hypermedia environments efficiently because of the interaction they provide.

Another advantage of the integration of hypermedia in the reading curriculum is that the

presentation of authentic input is made easier with hypermedia software. Besides, learners

are not only presented with real language, but also with original means to deal with the

authentic language. Thus, multimedia are more feasible in creating natural and ideal L2
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learning tasks than text simplification methods that may result in inauthenticity. In addition

to the integration of authentic language and authentic means, the speed of access to

information is quite high in hypermedia reading environments in comparison to traditional

reading environments.

The qualitative data suggested that subjects found hypermedia highly useful for their

reading comprehension and vocabulary learning regardless of the type of annotation they

were exposed to. However, in order to make better use of hypermedia environments, L2

readers need to add new strategies to their repertoire to be independent during the reading

process, such as distinguishing relevant information, making connections between discrete

bodies of information, deciding when to use a specific type of multimedia mode, and

interpreting textual information in the presence of other multimedia modes. In this respect,

familiarizing L2 learners with hypermedia experience and training them can be quite

feasible.

Limitations and suggestions for further research

This study poses several limitations; thus, the findings should be considered with caution.

First, the target population of the study consisted of advanced level language learners

attending an English-medium Turkish university to learn English for academic purposes.

This study should be replicated in other learning contexts with students from different

proficiency levels to generalize findings to a larger target population and to different

learning environments. Second, the use of a pre-test further affected the generalizability of

the results. In other words, the results cannot be generalized to people who are not pre-

tested. In order to eliminate the interaction of pre-testing and the experimental instrument,

a Solomon Four-group Design may be employed in a further study. Such a design com-

bines pre-test and post-test control group design with post-test-only control group design.

Thus, it eliminates external validity threat of pre-testing along with all internal validity

threats. Third, this study did not have enough power to detect a significant effect of

multimodal annotations for L2 reading. Further studies with larger sample sizes must be

conducted to investigate whether a significant effect existed in the population. Finally,

subjects were exposed to a non-traditional instrument, but were tested with traditional

testing methods in the current study. Tests were given on pen and paper rather than on-

screen and the text utilized visual elements whereas the tests did not. Employing on-screen

tests where visual elements are incorporated would be more suitable for use in hypermedia

environments.

In order to scrutinize the impact of hypermedia on foreign language teaching, further

research need to examine the effectiveness of different pictorial annotations taking

language proficiency and learner styles into consideration. We need to know whether high-

level learners benefit more from pictures and videos than low-level learners. Besides,

reading and vocabulary learning strategies employed at different proficiency levels should

be examined. Finally, it would be interesting to see whether visuals have differential

effects on learning different types of words.
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