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Abstract 

Taking into account the challenges of EFL vocabulary learning for East Asian learners, this study 
developed a set of experimental English vocabulary material with pictographic glosses which may stimulate 
students’ situational interest (with dimensions of exploration intention, instant enjoyment, novelty, attention 
demand, challenge, and total interest) in learning vocabulary and facilitate their vocabulary retention. To 
examine the effectiveness of the learning material, this study utilized a within-subjects quasi-experimental 
design. The participants were 108 graduate and college students who used the learning materials presented 
in text-only, text-with-picture, and pictographic formats in an online learning system. Results revealed that 
students’ retention performance on the pictographic materials was significantly higher than on the text-
only materials, while no significant differences were found between the pictographic and text-with-picture 
materials. The perceived situational interest in the pictographic material was significantly higher than in 
the other two formats. The results suggest that the pictographic vocabulary material could trigger EFL 
learners’ situational interest and help to promote their English vocabulary learning. It could therefore 
serve as a novel approach to designing EFL vocabulary materials for multimedia environments. 
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Introduction 

Vocabulary teaching and learning plays a crucial role in English as a Foreign Language (EFL) education. 
Meanwhile, vocabulary knowledge is an important factor in EFL learners’ reading comprehension and 
language proficiency. Although vocabulary learning encompasses a number of different and diverse 
research focuses and involves a wide range of pedagogical strategies, Schmitt (2008) pointed out that the 
very initial and fundamental task of vocabulary learning refers to the retention of the word’s form-meaning 
link. Numerous EFL vocabulary learning studies have compared the retention and recall effects of different 
vocabulary presentation strategies (e.g., introducing multimedia annotations with pictures, animation, video, 
audio, etc.) and the powerful mnemonic effects of multimedia have been discussed by several scholars (e.g., 
Al-Seghayer, 2001; Chun & Plass, 1996; Yoshii & Flaitz, 2002). There are many forms of multimedia-
assisted English vocabulary instruction in the category of intentional vocabulary learning and vocabulary 
materials with printed words and still pictorial glosses are widely used in practice, since such presentations 
are paper-based and do not need any electronic devices.  

The concept of multimedia aids facilitating vocabulary learning is inspired by a framework of cognitive 
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theories such as the Cognitive Theory of Multimedia Learning (CTML) (Mayer, 2005) and the Cognitive 
Load Theory (CLT)  (Paas et al., 2003; Sweller, 1988, 1994, 2005). A classical empirical study showed that 
multimedia-assisted vocabulary materials (using annotation of pictures and text) can lead to better retention 
of vocabulary (Chun & Plass, 1996). When learning lexical items, different modes of glosses considered 
redundant instructional materials could be retrieval cues for learners and could serve as a motivator for 
activating learners’ dual channels in multimedia environments, drawing on the ideas of the Dual Coding 
Theory (Paivio, 1990). However, there are also restrictions to multimedia material design from a cognitive 
load perspective. Notably, the redundancy effect and the split-attention effect play eminent roles in 
language learning and have produced controversial findings (e.g., Diao & Sweller, 2007; Machado & 
Luchini, 2018; Samur, 2012; Yeung et al., 1998).  It has been concluded that redundant presentation should 
be eliminated to free working memory for effective learning (Machado & Luchini, 2018). Therefore, many 
researchers have reviewed and reflected on the constraints on the use of multimedia (e.g., Abdulrahaman 
et al., 2020; Magner et al., 2014; Mayer et al., 2001; Molitor et al., 1989). Mayer (2005) stated that “all 
multimedia messages are not equally effective” (p. 31), and concluded that “presenting too many elements 
to be processed in visual and verbal working can lead to overload” (Mayer & Moreno, 2002, p. 111). Based 
on these concerns, we believe that the configuration of displaying pictorial glosses in EFL vocabulary 
materials should be reconsidered.  

On the other hand, the process of EFL vocabulary learning is generally considered boring and painstaking, 
especially for the conventional learning approaches of paper-based wordlists or pair-associations (new 
words presented with their translations). Schmitt (2008) discussed students’ engagement in learning 
vocabulary and stated, “even the best materials are little good if students do not engage with them” (p. 338). 
Some scholars have addressed the affective and motivational functions of pictures when using multimedia 
materials. Moreno (2006) extended Mayer’s CTML (2005) and proposed the Cognitive-Affective Theory 
of Learning with Media, which suggested that multimedia materials with pictures could facilitate learning 
performance by stimulating learners’ interest and positive emotion (Moreno, 2006; Park et al., 2014). 
Therefore, we had reason to investigate learners’ affective experience (e.g., situational interest, which refers 
to positive emotions in response to certain stimuli or conditions) when developing and evaluating the 
efficacy of multimedia-assisted EFL vocabulary materials.  

Considering the potential drawbacks of the traditional text-with-picture vocabulary materials, the 
innovation of this study is the development of EFL vocabulary materials with a pictographic design, as well 
as the examination of its effectiveness in terms of EFL learners’ vocabulary retention and situational interest. 
Pictographs are used in ideographic writing systems such as ancient Chinese characters and Japanese kanji, 
which include semantic features that suggest the meaning of the word to be represented. Inspired by this, 
we developed a set of pictographic EFL vocabulary material which integrated semantic-related pictures and 
target English words into one compound (see Figure 1). The materials were originally designed for East 
Asian and especially Chinese-speaking EFL learners, as we believe that those who are familiar with 
ideographic writing systems have natural advantages that would allow them to grasp such presentation, 
since most Chinese characters carry a component of the meaning of the character according to the six 
categories of Chinese characters (Chen, 1993; Shen, 2010). Therefore, the concept of pictographs in this 
study may accord with their linguistic habits and cognitive mode. However, we did not want to 
underestimate the cognitive and affective effects of the pictographic glosses on those with other cultural 
backgrounds.  

To our knowledge, no existing studies had been found that used a similar concept of pictographic glosses 
we proposed to aid EFL vocabulary retention performance. Besides, to gain a more comprehensive 
understanding, there is an urgent need to explore experimental pictographic glosses used in the EFL 
vocabulary learning context with a particular focus on its affective perceptions. We hoped that the 
pictographic glosses could avoid being merely decorative and deemed as irrelevant information for 
complete vocabulary retention, in accordance with the seductive details effect (Garner et al., 1989; Harp & 
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Mayer, 1998; Mayer et al., 2001), which refers to the hindering effect on learning induced by topical-
relevant decorative elements in learning materials, and the coherent effect (Mayer, 2005; Reimann, 2003), 
which indicates that students learn more deeply when extraneous materials are excluded. In addition, we 
expected that the pictographic EFL vocabulary materials could trigger higher situational interest than either 
text-only glossing word lists or traditional text-with-picture vocabulary materials, leading to deeper 
processing during vocabulary learning. This study aimed to evaluate the pictographic EFL vocabulary 
materials using an immediate recognition test and situational interest self-report scale, hoping to provide 
insights into the theoretical research of multimedia instruction design. The following research questions 
were investigated:  

RQ1: Can pictographic vocabulary materials enhance EFL learners’ situational interest in comparison with 
text-only and text-with-picture vocabulary materials?  

RQ2: Can pictographic vocabulary materials improve EFL learners’ retention performance in comparison 
with text-only and text-with-picture vocabulary materials? 

 

Figure 1  

An Example of a Pictographic Vocabulary Design 

 
Note. The pictographic item “pollution” depicts an image of exhaust fumes polluting the air. This example is only to 
convey the concept and was not included in the experiment materials. 

Literature Review 

Multimedia and Pictographic Design in Vocabulary Learning 
Multimedia-assisted EFL vocabulary materials and tasks were developed using a cognitive approach and 
based on the understanding of learners’ cognitive processing of information. The mechanism by which 
pictorial information promotes vocabulary learning can be explained by Paivio’s Dual Coding Theory (1990) 
and Mayer’s Cognitive Theory of Multimedia Learning (2005). The dual coding theory assumes that 
humans have verbal and nonverbal cognitive subsystems that are specialized for the processing of verbal 
(or linguistic) and nonverbal (or imagery) stimuli, respectively. Recall and recognition are enhanced when 
information is presented in both visual and verbal form and associatively processed (Clark & Paivio, 1991; 
Paivio, 1990). Dual Coding Theory has been fruitfully applied to a wide range of educational issues, of 
which learning foreign vocabulary is an excellent example (Reed, 2006). Based on the dual-coding 
assumption, Mayer analyzed multimedia-based learning environments and proposed the Cognitive Theory 
of Multimedia Learning, which stated that multimedia with verbal and pictorial messages can facilitate 
problem-solving/transfer and recall/retention achievements (Mayer, 2005). To be more specific, CTML 
suggested that learners remember better from multimedia materials that combine words and relevant 
pictures than learning from words alone (see Mayer, 2005; Reimann, 2003). When presented with 
multimedia materials, learners can process verbal and pictorial information with visual and verbal channels, 
and organize selected information into coherent representations, which may optimize the use of working 
memory and facilitate retention performance (Mayer, 1997, 2005).  

In the field of language learning, Plass and Jones (2005) proposed a model of second language acquisition 
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that incorporates elements of CTML, and emphasizes the important role of images in the process of 
language acquisition. According to this model, learners select relevant verbal input and pictorial input, and 
follow the procedure of apperception, comprehension, and intake. They construct verbal and visual mental 
models and integrate them into their linguistic system (see Figure 2). The formation of the integrated 
coherent mental model optimizes the use of learners’ cognitive architecture, and provides learners with two 
types of retrieval cues of the learned material compared to only one when they learn with text alone; as a 
result, learning performance is enhanced.  

Figure 2 

The Integrated Model of Second-Language Acquisition with Multimedia 

 
Note. From The Cambridge handbook of multimedia learning (p. 471), by J. L. Plass and L. C. Jones, 2005,      
Cambridge University Press. Copyright 2005 by the Cambridge University. 

Applying vocabulary learning, several studies have consistently shown that students acquire vocabulary 
better when both visual and verbal annotations are displayed rather than when only verbal annotations are 
shown (Ahangari & Abdollahpour, 2010; Al-Seghayer, 2001; Chun & Plass, 1996; Emirmustafaoğlu & 
Gökmen, 2015; Jones, 2004; Kost et al., 1999; Yoshii & Flaitz, 2002). It is well-established that pictorial 
aids in vocabulary materials can facilitate learning, yet the positive effect only appears when the multimedia 
materials are properly designed. However, in several studies, some drawbacks of multimedia material that 
hinder vocabulary learning, reading, and comprehension processes emerged in certain circumstances (Acha, 
2009; Boers et al., 2017; Samuels, 1967, 1970; Saunders & Solman, 1984; Solman et al., 1992).  

One possible reason that has been discussed is that the effectiveness of multimedia instruction is sensitive 
to cognitive load. This echoes Mayer's (2005) limited capacity hypothesis that learners’ limited working 
memory capacity blocks them from processing multiple representation materials, especially for those with 
limited prior vocabulary knowledge. Effective learning occurs when learners’ verbal and non-verbal 
cognitive subsystems are simultaneously activated; meanwhile, the perceived cognitive load does not 
exceed the cognitive capacity of either of the learner’s subsystems when interacting with the multimedia 
materials (Mayer, 2005; Mayer & Moreno, 2003; Plass et al., 2003; Sweller, 2005). Some scholars have 
claimed that the modality could be a source of extraneous cognitive load, and could hinder learning when 
students are forced to split their visual attention while processing the text-with-picture materials (Park et 
al., 2015). In some cases of ineffective multimedia vocabulary learning, the role of pictorial aids is 
threatened by the redundancy effect and causes extraneous cognitive load (Liu et al., 2012). If the verbal 
annotation is self-explanatory for learners to build a form-meaning link and complete word retention, the 
pictorial aid might merely serve as a “decorational picture” (p. 7) that shows no or little relationship to the 
textual content, as categorized in Carney and Levin's (2002) taxonomy of different functions of illustration. 
These “decorational pictures” share the similar concept of “seductive details” (pp. 41, 43) introduced by 
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Garner et al. (1989). These seductive pictures in learning materials are attractive but only have topical 
relevance, and may impose extraneous cognitive load by splitting learners’ visual attention and disrupting 
their building of a coherent mental model, as a result leading to poorer learning performance (Park et al., 
2015). However, if learners have sufficient cognitive resources, the motivating function of seductive details 
could emerge, since the intriguing pictures could attract learners to focus on tasks and thus lead to higher 
performance (Park et al., 2015; Park et al., 2011). Therefore, Park et al. (2011) argued that the impact of 
pictorial information on learning outcomes lies in whether the level of the cognitive load caused by the 
seductive details is excessive. Considering the notions of CTML and cognitive load theory, designing 
vocabulary materials with pictorial aids should be undertaken with caution. Pictures in vocabulary materials 
should not be merely decorative. The words and pictures should be highly semantically related, and the 
associations between them should be well-elaborated. In this case, although the verbal annotations are self-
contained, the pictorial aids provide similar information but in different modalities, and learners’ visual 
channel could be activated, thus facilitating their learning.   

Addressing this concern, this study provided a configuration of displaying EFL vocabulary material by 
borrowing the concept of Chinese pictographic characters. Pictographic design in English vocabulary 
materials is novel; however, the concept of pictographs is quite familiar to those who use logographic 
languages such as Chinese. The pictographic materials were designed by integrating the word form and 
pictorial information into a single compound; we expected that learners would not need to split their visual 
attention between the verbal and pictorial information when processing the pictographic materials, thus 
avoiding the split-attention effect. Moreover, the use of pictographic glosses is an application of the 
multimedia effect, which has the same essence as traditional vocabulary materials with pictorial glosses, 
and is expected to have facilitating effects on learning performance from a multimedia learning perspective. 
Additionally, the Level of Processing Hypothesis (Craik & Lockhart, 1972; Craik & Tulving, 1975) posits 
that the extent to which information is processed determines how well it is remembered. According to this 
hypothesis, processing information at a deeper level (i.e., semantic processing) leads to better retention than 
processing it at a shallower level (i.e., phonemic or structural processing). In the context of this study, 
spatially integrated word-picture compounds may provide a well-elaborated form-meaning link, which 
could encourage learners to perform deeper-level encoding operations and predict better retention.  

Research into Situational Interest 
Many researchers have argued that the design of multimedia material should consider the learner’s affective 
status (Chen & Sun, 2012; Chen & Wang, 2011). There is empirical evidence that multimedia design can 
initiate positive emotions and support cognitive processing (Plass et al., 2014; Um et al., 2012). Due to this 
point, the learner’s interest in the material is an important criterion for evaluating the effectiveness of the 
material. Interest is described as positive emotion and engagement in an activity (Schraw & Lehman, 2001). 
According to motivation theory, interest is categorized into situational interest and personal interest (Hidi 
& Renninger, 2006; Schiefele, 2009). 

Situational interest refers to a positive emotional response to particular conditions or stimuli in a learning 
environment with uncertain duration (Eccles & Wigfield, 2002; Hidi, 1990; Hidi & Renninger, 2006; 
Mitchell, 1993; Schraw et al., 2001). In contrast with individual interest, situational interest is assumed to 
be environmentally activated, context-specific, and easier to manipulate (Schraw & Lehman, 2001). As 
Hidi and Renninger’s (2006) four-phase model of interest development states, situational interest can be 
triggered initially by features of the learning task, and then maintained, and at best developed into relatively 
stable individual interest for a particular subject matter.  

It seems self-evident that situational interest positively affects learning and academic achievement 
(Schiefele, 2009; Schiefele et al., 1992). The mechanism of situational interest mediating learning in 
multimedia environments can be explicated as follows: (a) motivational aspects such as situational interest 
are relevant to high cognitive engagement, thereby facilitating cognitive processing (Flowerday et al., 2004; 
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Moreno et al., 2001; Park et al., 2015); (b) Anderson (1982) and Reynolds and Anderson (1982) proposed 
a hypothesis of allocating attentional resources; that is, attention is a limited resource, and learners will 
allocate more attention to the materials that induce stronger interest; and (c) Students who perceive a high 
level of situational interest will use metacognitive strategies such as self-regulation to allocate sufficient 
cognitive resources during learning (Moreno, 2006, 2009). Some scholars have investigated the effects of 
situational interest on reading and have suggested that the interest stimulated by reading text encourages 
students to adopt deeper processing strategies and to perform better in comprehension and recall (Fransson, 
1977). As for recall and retention, Naceur and Schiefele (2005) provided empirical evidence and indicated 
(situational) interest as an independent predictor that is related to text recall and retention. Focusing on the 
field of vocabulary learning, researchers have addressed motivation as a positive indicator of successful 
vocabulary learning processes (Gardner & MacIntyre, 1991; Tanaka, 2017; Tseng & Schmitt, 2008). Some 
other studies have focused on designing more intriguing EFL vocabulary instruction using game-based 
methods to stimulate learners’ motivation and flow experience with the intention of improving vocabulary 
achievement (Li, 2021; Li et al., 2021). Therefore, we should take into account triggering learners’ interest 
when developing multimedia vocabulary materials. It is also logical to assume that situational interest, as a 
context-specific motivational factor, will facilitate vocabulary learning outcomes based on the 
abovementioned findings.  

Many characteristics of learning material can potentially trigger situational interest. Pintrich and Schunk 
(1996) suggested that features of material (e.g., novelty and surprise) and features of the environment (e.g., 
the interestingness of classrooms, media, computers, and textbooks) could generate situational interest. 
Deci (1992) proposed a theoretical model that defines three sources of situational interest: activity, mental 
disposition, and interactive experience. Based on this framework, Chen et al. (1999) developed a scale of 
situational interest measurement with factors of exploration intention, instant enjoyment, novelty, attention 
demand, challenge, and total interest. We adopted Chen et al.’s situational interest scale as a measurement 
tool to identify the learners’ perceived situational interest when interacting with the learning materials we 
proposed in our study. 

Method 

Participants and Design 
Situational interest is characterized by personal subjectivity, which means that the observation of situational 
interest depends on a person’s comparative preference for comparable learning activities (Chen et al., 1999; 
Deci, 1992). Also, learners’ vocabulary knowledge and prior vocabulary size can significantly affect their 
vocabulary learning capacity. Based on the aforementioned factors, we used a within-subject experiment 
design instead of a between-subject design, and the equivalency of each treatment was carefully considered 
(see Procedure). 

A total of 142 Chinese-speaking graduate and college students from two large research universities in 
Taiwan voluntarily participated in the study, 108 of whom comprised the valid cases. There were 44 male 
and 64 female participants with an average age of 22.08 years (SD = 3.62). Participants were asked to 
complete three treatments of learning English vocabulary presented as text-only, text-with-picture, and 
pictographs in an online learning system. The object of the learning task was to remember the pair-
association of the target word and its definition. An instant recognition test and situational interest scale 
were administered to assess the retention performance and perceived situational interest in the three 
treatments. The research variables and the framework are shown in Figure 3. 
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Figure 3 

Research Model 

 

Materials and Apparatus 
To match the aim of the experiment, the words that form the learning materials should be moderately 
challenging for most participants. We recruited 108 undergraduate and graduate students as the participants 
(66 reported having English proficiency test experience and 5 had TOEFL/IELTS experience); the 
vocabulary knowledge of the participants was taken into account before the experiments. TOEFL and 
IELTS are reliable and popular standard tests and widely used to assess English proficiency worldwide. We 
evaluated the participants’ vocabulary knowledge and decided to select target words from a TOEFL/IELTS 
book published for Chinese EFL learners. The difficulty of the target words was carefully reviewed, and 
no sight words were included. Considering the number of previous known words for each participant that 
would be excluded in the following stage as well as the scale and duration of the experiment, we planned 
that each treatment with different presenting formats ought to have 14 words; thus, we selected a total of 
70 words to form a word list.  

Each word was designed and presented in three formats: text-only, text-with-picture, and pictograph (as 
shown in Figure 4). The text-only format included a target English word with textual L1 (Chinese) 
definition, which implies no multimedia strategies to promote retention. The text-with-picture format is a 
commonly used presentation of multimedia EFL vocabulary materials, consisting of the target word, L1 
definition, and a static semantic-related picture. The pictographic format is a presentation designed for this 
study, which integrates pictorial information into the word form. Criteria for designing the pictographic 
material were as follows: (1) the pictograph should combine verbal information and pictorial information 
into one element; (2) the pictograph should be designed from the form of the word; (3) the pictograph 
should be legible, so that it is easy to make out the letters; and (4) the pictorial information should be 
semantically related to the word. The difficulty of the word and the presenting design were reviewed by 
three English teaching experts. 
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Figure 4 

Examples of the Three Vocabulary Material Formats 

 
Vocabulary Online Learning System 
We developed a custom online learning system and deployed it on our own web server exclusively for 
collecting data, presenting materials, recording the learning experience, administering the retention test, 
and conducting the survey of situational interest. We employed multiple rounds of usability tests and user 
access control regarding system robustness and security. We used several design features in the system to 
ensure the equivalency of each treatment: (1) the words that had been previously acquired were removed 
from the pre-test for that participant, thereby eliminating the effect of students’ prior knowledge of these 
target words; (2) the words to be learned (14 for each treatment) were randomly assigned to each treatment, 
therefore ensuring that the difficulty of each treatment was roughly equal; and (3) a counterbalancing design 
was used, thereby avoiding the order effect caused by within-subject design—the sequence of treatments 
presented for participants was cycled in the order of ABC, ACB, BAC, BCA, CAB, and CBA (treatment A 
= text-only, treatment B = text-with-picture, treatment C = pictograph). Illustrations of the learning 
materials in each treatment are presented in Figures 5, 6, and 7. 
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Figure 5 

An Illustration of the Text-Only Vocabulary Material 

 

Figure 6 

An Illustration of the Text-with-Picture Vocabulary Material 
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Figure 7 

An Illustration of the Pictographic Vocabulary Material 

 
Measures 
Performance Test 
An immediate recognition test was used to examine participants’ vocabulary retention performance. It 
included a series of multiple-choice questions of the 42 words whereby students selected the correct 
definition of the target word from four alternatives. Since the target words varied by individual, the test 
sheets were automatically generated by the system, and the presentation order of the items in the tests was 
consistent with the order of the target words presented in the previous treatments. The items were previously 
developed and reviewed by three experts in the field of English education. The distractors came from (1) 
other words’ definitions that have the same part of speech as the target word from the selected wordlist, and      
(2) another word’s definition that has a similar form to the target word (for example, one of the distractors 
of the target word “sere” is “adj. severe”). The binominal scoring of 1 (correct) and 0 (incorrect) was applied 
for the recognition tests, with a perfect score of 42 for each participant. The test score was calculated by 
the system and recorded as three scores for the three treatments. An illustration of the performance test is 
presented in Figure 8.  
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Figure 8 

An Illustration of the Performance Test with a Sample of Five Items 

 
Situational Interest Scale 
The Situational Interest Scale used in this study was developed by Chen et al. (1999). The scale has a 
construct of six dimensions: exploration intention (“I want to analyze it to have a grasp of it”), instant 
enjoyment (“It is an enjoyable activity for me”), novelty (“This activity is new to me”), attention demand 
(“My attention was high”), challenge (“It is a complex activity”), and total interest (“This activity is 
interesting”). There was a total of 24 Likert-type items in the scale, and four items in each dimension.  The 
items were adapted to be applicable for the context of this study and were presented using a 7-point Likert 
scale (where 1 was strongly disagree, and 7 was strongly agree). The scale’s internal consistency coefficient 
(Cronbach’s α) in the “pictographic” treatment was .91 (Cronbach’s α in the “text-only” treatment was .91; 
Cronbach’s α in the “text-with-picture” treatment was .90). The Cronbach’s α values of each dimension in 
the three treatments were all above .90. Results of confirmatory factor analyses using data in the 
“pictographic” treatment indicated a fair fit to the data and the proposed model (CFI = .95, TLI = .95, 
RMSEA = .08, SRMR = .048). CFA was also implemented using data in the “text-only” treatment (CFI 
= .92, TLI = .91, RMSEA = .096, SRMR = .077) and in the “text-with-picture” treatment (CFI = .944, TLI 
= .935, RMSEA = .075, SRMR = .058).  

Procedure 
For the purpose of this study, we set deliberate vocabulary list learning as the learning task. Participants 
were asked to memorize English word-meaning links within a limited amount of time. The experiment 
consisted of three stages. In the first stage, participants registered in the online learning system and read the 
instructions for the experiment procedures. As a pre-test, participants checked the words in a list of 70 and 
excluded those words that they had already acquired so that they would not be presented in the following 
treatments. Thus, we could ensure that the target words were completely unfamiliar to those learners. 
However, if there were fewer than 42 words left in the list, the experiment procedure would be terminated 
for that participant. In the second stage, 42 words from the word list were randomly selected and assigned 
into three treatments; therefore, each treatment consisted of 14 target words with different presentation 
formats. In other words, the materials of each treatment presented to each participant were automatically 
generated by the system and varied by individual. In the third stage, each participant viewed and attempted 
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to learn the vocabulary from the three treatments in different formats. The order of the treatments presented 
to participants was in a cycle of six patterns (i.e., ABC, ACB, BAC, BCA, CAB, and CBA). Each treatment 
was limited to 15 minutes but could be ended earlier autonomously. After that, the recognition test and the 
situational interest scale were administered. The experiment procedure is presented in Figure 9. 

Figure 9 

Experiment Design 

 

Results 

Data Analysis 
All quantitative data were exported from the online learning system and prepared for statistical analysis 
using the IBM SPSS Statistics 19 software. Several repeated measures analyses of variance (RM-ANOVA) 
were conducted to test whether there were significant differences between participants’ retention 
performance and situational interest for the three treatments. Mauchly’s sphericity test was conducted in 
advance to decide whether the revised data needed to be used instead. We also performed post-hoc 
comparisons with the LSD method to investigate the effect of the pictographic materials on retention 
performance and situational interest compared to the text-only and text-with-picture materials.  

Effects of Retention Performance 
The descriptive statistics of retention performance with the three vocabulary material formats are shown in 
Table 1. Note that there was one case deleted because the recognition test was not completely finished, 
leaving 107 cases.  
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Table 1  

Descriptive Statistics of Retention Performance with the three Vocabulary Material Formats 

Learning Performance M SD N 
Text-only 27.77 5.78 107 
Text-with-picture 28.78 5.20 107 
Pictograph 29.09 4.29 107 

Table 2  

RM-ANOVA Summary Table of a Comparison of Retention Performance with the three Vocabulary 
Material Formats 

Source SS df MS F Sig. η2 Post hoc 
Between group 102.75 2 51.38 5.02 .01 .05 (B) > (A)* 
Within group       (C) > (A)** 

Between subjects 6174.93 106 58.25     
Error 2169.91 212 10.24     

Total 8447.60 320      

Note. * p < .05. ** p < .01. (A) = text-only; (B) = text-with-picture; (C) = pictograph. 

The results of Mauchly’s sphericity test show that none of the sample data violated the sphericity test 
hypothesis (χ2 = .99, p = .61); therefore, the repeated measures ANOVA could be conducted. As shown in 
Table 2, there were significant differences among learners’ retention performance in the three treatments 
(F(2,212) = 5.02, p = .01), indicating that learners’ retention differed when learning vocabulary materials in 
different formats. The results of the pairwise comparison revealed that participants who learned with the 
vocabulary materials in the text-with-picture and pictographic formats reported higher retention 
performance than those who learned with the text-only format, while no significant difference was found 
between the text-with-picture and pictograph formats.  

Effects of Situational Interest 
The descriptive statistics of situational interest with three vocabulary material formats are shown in Table 
3. Prior to repeated measures ANOVA, we found that the data violated the Mauchly’s sphericity test 
hypothesis (χ2 = 17.18, p < .001). The Greenhouse-Geisser correction was used to offset sphericity 
violations. The results of repeated measures ANOVA presented in Table 4 show a strong significant overall 
effect: F(1.74,186.15) = 119.32, p < .001. This result indicated that there was a significant difference in the 
situational interest that the learners perceived from the different material formats. The pairwise comparison 
showed that their situational interest was significantly higher when learning from the pictographs than from 
both the text-only and text-with-picture formats.  
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Table 3  

Descriptive Statistics of Situational Interest with the three Vocabulary Material Formats 

Situational Interest M SD N 
Text-only 2.97 1.15 108 
Text-with-picture 4.65 0.88 108 
Pictograph 5.16 1.09 108 

Table 4 

RM-ANOVA Summary Table of a Comparison of Situational Interest with the three Vocabulary Material 
Formats 

Source SS df MS F Sig. η2 Post hoc 
Between group 284.11 1.74 163.31 119.32 < .001 .53 (B) > (A)*** 
Within group       (C) > (A)*** 

Between subjects 96.14 107 0.90    (C) > (B)*** 
Error 254.76 186.15 1.37     

Total 635.01 294.89      

Notes. *** p < .001. (A) = text-only; (B) = text-with-picture; (C) = pictograph. 

In addition, the Situational Interest Scale has six dimensions of exploration intention, instant enjoyment, 
novelty, attention demand, challenge, and total interest. We conducted one-way repeated measures 
MANOVA to determine whether there was a statistically significant difference in the abovementioned 
dependent variables. The result suggested that there was a difference in the combined dependent variables 
for the three treatments (Wilks' Lambda = 0.229, F = 37.941, p < .001). Therefore, multiple RM-ANOVAs 
of each dimension were conducted to further investigate where the differences were between treatments. In 
the aspects of exploration intention, novelty, attention demand, and total interest, results revealed that 
learners perceived the highest level from the pictographic format compared with either the text-only or the 
text-with-picture formats (MC > MB > MA). As for instant enjoyment, the comparison revealed that learners 
perceived significantly higher instant enjoyment from both the text-with-picture and pictographic formats 
than from the text-only format, while no significant difference was detected between the pictographic and 
text-with-picture formats. Interestingly, we found that learners perceived a significantly higher level of 
challenge from the text-only format than from the pictographic format, and the level of challenge was 
significantly higher for the pictographic format than for the text-with-picture format (MA = 4.34 > MC = 
3.72 > MB = 3.21). The results of the RM-ANOVA of each dimension and pairwise comparison of the 
different material formats are summarized in Table 5.  
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Table 5 

Comparison of Dimensions of Situational Interest Perceived from the three Vocabulary Material Formats 

Variable 

Treatment 
A 

Treatment 
B 

Treatment 
C 

F 
(p-value) Post hoc 

M 
(SD) 

M 
(SD) 

M 
(SD) 

Exploration Intention 3.29 
(1.50) 

4.67 
(1.26) 

5.11 
(1.44) 

57.25 
(< .001) 

(B) > (A)*** 
(C) > (A)*** 
(C) > (B)** 

Instant Enjoyment 3.01 
(1.60) 

5.12 
(1.22) 

5.00 
(1.64) 

62.16 
(< .001) 

(B) > (A)*** 
(C) > (A)*** 

Novelty 1.84 
(1.17) 

3.70 
(1.41) 

5.62 
(1.40) 

231 
(< .001) 

(B) > (A)*** 
(C) > (A)*** 
(C) > (B)*** 

Attention Demand 3.86 
(1.53) 

4.84 
(1.17) 

5.16 
(1.31) 

30.49 
(< .001) 

(B) > (A)*** 
(C) > (A)*** 
(C) > (B)* 

Challenge 4.34 
(1.89) 

3.21 
(1.30) 

3.72 
(1.55) 

15.69 
(< .001) 

(A) > (B)*** 
(A) > (C)* 
(C) > (B)** 

Total Interest 2.38 
(1.40) 

4.82 
(1.34) 

5.56 
(1.49) 

149.93 
(< .001) 

(B) > (A)*** 
(C) > (A)*** 
(C) > (B)*** 

Notes. * p < .05. ** p < .01. *** p < .001. (A) = text-only; (B) = text-with-picture; (C) = pictograph. 

Discussion 

The first research question in this study sought to determine the effect of different vocabulary material 
formats on retention performance. The results suggest that both the text-with-picture and pictographic 
formats may foster vocabulary retention compared to the text-only format without any pictorial aids. As 
mentioned in the literature review, the multimedia effect proposed by Mayer (2005) suggests that learners 
learn more deeply from words and pictures than from words alone. The findings in this study are consistent 
with prior studies that focused on the field of vocabulary learning, concluding that the pictorial glosses 
enhanced vocabulary learning (e.g., Al-Seghayer, 2001; Kost et al., 1999; Yoshii & Flaitz, 2002).  

When comparing the text-with-picture and pictographic formats, the mean score of retention performance 
of the pictographic format was higher than that of the text-with-picture format (see Table 1); however, it 
did not reach a significant difference. The possible reasons may be as follows: the pictographic materials 
proposed in the current study, by nature, could be classified into multimedia glosses as defined by Mayer 
(2005) and shared common attributes with text-with-picture materials from a multimedia learning 
perspective. Both pictographic and traditional text-with-picture vocabulary materials provide verbal and 
pictorial representation for learners, which help to organize them into concrete mental representations of 
the meaning of the word, as stated by Plass and Jones (2005), both of which apply strategies for facilitating 
deep semantic processing. Therefore, the effectiveness of these two sets of multimedia materials emerged 
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to facilitate vocabulary retention. However, we should differentiate these two by stating that the pictograph 
was more self-contained by compounding the semantic function and form of the word into one element so 
that the learners could tell the definition and word form when shown the pictograph alone, whereas the text-
with-picture format did not have this feature when learners were shown the picture alone without textual 
information. The absence of significant differences in retention performance between these two formats 
suggests the need for caution when drawing any firm conclusions about the general comparative 
pedagogical superiority of the pictographic materials for vocabulary learning. Nevertheless, the findings,      
albeit on a descriptive level, indicated potentially effective vocabulary materials. Additionally, the 
motivational function revealed by these two materials performed significantly differently, an issue which 
is discussed as follows. 

The second research question aimed to discover the affective function of the pictographic material format. 
We chose situational interest as the dependent variable. Consolidating the findings of the situational interest 
scale, it seems that the multimedia EFL vocabulary materials with pictorial glosses could successfully 
trigger learners’ situational interest and increase their enjoyment and motivation. On the contrary, the single 
modality using only textual glosses did not have such effects. The statistical results also revealed that 
materials combining pictographic glosses had better motivational effects than materials with text-with-
picture glosses. The reasons for the results are straightforward and can be specified by Chen et al.’s (1999) 
theoretical articulation of the multidimensional construct of situational interest—the use of pictographic 
glosses can significantly increase learners’ novelty, exploration intention, instant enjoyment, attention 
demand, and total interest. According to Hidi et al. (1992), novelty and positive feelings generated by novel 
tasks or information are two major components of situational interest. The sub-scale score of “novelty” 
showed that only the pictographic materials could serve as a novel vocabulary material setting for 
participants. On the contrary, learners did not report a sense of novelty from either the text-with-picture or 
the text-only materials (the mean scores were 1.84 and 3.7 on a 7-point Likert scale, respectively).  One 
possible reason is that the traditional vocabulary materials with semantically related static pictorial glosses 
are widely used since the multimedia principle is widely applied in the EFL field; therefore, learners are 
familiar with this kind of presentation. Data revealed that learners perceived high levels of instant 
enjoyment when interacting with the text-with-picture materials as well; however, they did not consider it 
as a novel presentation scheme, which may have resulted in the lower levels of situational interest reported 
by the scale.  

Notably, the dimension of “challenge” with four items negatively correlated to other dimensions, as 
revealed by the CFA on the Situational Interest Scale conducted in this study, which is inconsistent with 
the original scale construct proposed by Chen et al. (1999). Chen defined “challenge” as the difficulty of 
the task, where a higher degree of challenge may attract learners’ involvement in the task. However, our 
study suggested that a higher degree of challenge might lead to learners’ frustration, thereby decreasing 
their situational interest in the vocabulary learning materials. The same finding was also revealed in other 
studies when testing learners’ perceived situational interest with novel learning tools or strategies (Yu et 
al., 2019). Results indicated that learners perceived a significantly higher degree of challenge in the 
pictographic materials than in the text-with-picture materials, but neither set of materials caused too much 
challenge (the mean scores were 3.72 and 3.21 on a 7-point Likert scale, respectively). Taking the previous 
finding into account, pictographic materials can impose the proper amount of challenge that matches 
learners’ skill level; it can thus be suggested that learners would more likely enter into a flow state according 
to flow theory (Csikszentmihalyi, 2000; Nakamura & Csikszentmihalyi, 2009).  

Gardner and Lambert (1972) grounded motivation research in a socio-psychological framework and 
illuminated the significance of motivation in successful second language acquisition. As we know, learners 
would have to study over an extensive period of time to attain an adequate vocabulary size to function in a 
second language. The current study addressed a context-specific and environmentally activated motivating 
vocabulary learning experience, which was mainly evoked by the experimental materials with pictographic 
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glosses, and could serve as a simulation of the real-world vocabulary learning task for EFL learners. To the 
best of the authors’ knowledge, it is the first study to apply pictographic glosses in EFL vocabulary learning, 
and also contributes to the very limited body of research into the effects that the different materials may 
have on both retention performance and situational interest by directly comparing the learning from 
different materials. The present findings, while preliminary, indicated a satisfactory pedagogical and 
motivational feature of the vocabulary learning materials, and thus could encourage EFL practitioners to 
apply the idea of pictographs in the design of EFL instructional materials. 

Conclusion and Limitations 

The benefits of multimedia glosses for L2 vocabulary learning encourage instruction designers to 
manipulate different modalities in multimedia materials (i.e., text, images, voice narrations, animations, 
video clips, etc.), especially considering the tendency of the widespread use of computer-assisted language 
learning. However, vocabulary materials with the glosses of voice narrations and video clips require 
hardware devices and an e-learning environment; thus, the multimedia vocabulary design with static 
pictures and words has its advantage in pedagogical practice due to its economy and convenience, and is 
thus worth discussing.  

The present study investigated the motivational and retention effects of EFL vocabulary materials with 
pictographic glosses compared to text-only and traditional text-with-picture materials. Results revealed that 
dual-modality materials (i.e., text-with-picture and pictographic gloss formats) are more effective than 
single modality materials (i.e., text-only L1 glosses) in terms of vocabulary retention, which is consistent 
with what the multimedia principle predicted, and also contributes to the body of literature on the effects 
of multimedia glosses in L2 vocabulary learning. Additionally, the proposed pictographic materials can 
effectively enhance learners’ interest when learning vocabulary, which is beneficial for creating a novel 
and motivating vocabulary learning environment for EFL learners. The present study provides powerful 
evidence of the superiority of the affective functions of pictographic glosses.  

Several limitations should be addressed. A major limitation of this study is the lack of criteria for designing 
the pictographic glossing vocabulary materials. Although we set a number of principles to design the 
pictographic glosses, there was no instructional rationale provided by previous studies, which made it more 
difficult to design the pictographic materials than the traditional text-and-picture vocabulary materials. In 
the vocabulary learning publishing market, we did find an EFL vocabulary textbook using the concept of 
pictographs published in mainland China, which intended to trigger Chinese EFL learners’ interest and 
better memory of vocabulary learning for those preparing for the TOEFL and IELTS. Another significant 
limitation is that only an immediate recognition test was performed in our study, which did not include 
information on the future retention effect of learning using the pictographic glossing vocabulary material. 
Therefore, we recommend a delayed retention test in future work to better understand the long-term effect 
of pictographic materials on memory performance. It is also necessary to highlight that the intentional word-
list vocabulary retention task conducted in this study was not sufficient to explain the vocabulary acquisition 
process in all its complexity from a linguistic perspective.  

Additionally, various factors need to be taken into consideration to better understand the potential 
pedagogical values of the pictographic glossing vocabulary materials: learners’ verbal ability, cognitive 
load imposed by the materials, and so on. Future research can expand the scope of research variables 
mentioned above. Despite its exploratory nature, this study offers insights in the field of elevating 
motivation in vocabulary learning, and provides a new approach for designing English vocabulary materials 
in multimedia environments.  
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