
Language Learning & Technology  2026, Volume 30, Issue 1 
ISSN 1094–3501  CC BY–NC–ND pp. 1–19 
  

ARTICLE 
 
 

* Corresponding Author: Jack Drobisz, jack@usf.edu  

 

The role of arousal in L2 readers’ engagement and 
comprehension during pedagogical agent–guided 

online reading 
Jack Drobisz*, University of South Florida 

Sanghoon Park, University of South Florida 

Glenn Smith, University of South Florida 

Abstract 

Reading comprehension is essential for second language (L2) learners’ academic success, yet many 
struggle in English–speaking schools due to their various backgrounds and limited lexical knowledge. 
Prior research highlights the importance of attitude and motivation in promoting the use of reading 
strategies, but little work has examined how multimedia design can support these factors. In this study, 
we designed four arousal conditions of pedagogical agent–guided online reading materials in which four 
pedagogical agents induced two types of arousal (perceptual vs. inquiry) in two levels (high vs. low) 
through the manipulation of their background images, gestures, voices, and delivered messages. Using a 
randomized 2 x 2 factorial design, we examined how the study conditions influenced L2 readers’ 
situational interest, cognitive load and reading comprehension. A total of 157 L2 readers participated in 
the study and were randomly assigned to one of the four conditions. Two–way ANOVA results revealed 
significant main effects of inquiry arousal on germane cognitive load and reading comprehension, as well 
as an interaction between inquiry and perceptual arousal on germane cognitive load. These findings 
suggest that inquiry arousal is a key design consideration for pedagogical agent–guided reading tasks for 
L2 learners. 
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Introduction 

Reading is essential for second language (L2) readers in promoting academic achievement (Bifuh–Ambe, 
2011; Hallman, 2009) through text comprehension with literacy skills (Cox & Guthrie, 2001; Grabe, 
2009). Yet, L2 readers often experience unique challenges in reading English text due to their varying 
backgrounds, limited lexical knowledge, and increased cognitive loads (Chang, 2006; Perfetti & Stafura, 
2014; Roussel et al., 2017). According to the 2024 Open Doors Report on International Educational 
Exchange, the number of international students in the USA set an all–time high in the academic year of 
2023 – 2024 with a total number of 1,126,690 (Institute of International Education [IIE], 2024). Thus, 
supporting L2 readers to be actively engaged in various subjects by improving their reading 
comprehension is becoming increasingly more important. The use of pedagogical agents as reading 
partners or scaffolds has become even more relevant in the wake of the COVID–19 pandemic, which 
accelerated global transition to online and digital learning in schools (Mok, 2022). 

Previous studies on L2 readers have focused on understanding the reading comprehension process and 
identifying the relationship between reading strategies and reading proficiency (e.g., Feller et al., 2020; 
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Habók & Magyar, 2019). Specific topics included L2 readers’ internal construction of mental models by 
integrating the ideas from the text with their background knowledge (Allen et al., 2016; Graesser et al., 
2003). Also studied were L2 readers’ mental model building processes while applying various reading 
strategies into given reading tasks (Habók & Magyar, 2019). Some emphasized the role of attitude and 
motivation as essential factors to promote reading strategies (Jabbari & Golkar, 2014; Kırmızı, 2011). 
However, these studies are limited in examining the design considerations of multimedia reading 
materials to improve L2 readers’ attitude and motivation in reading activities.  

Past research had shown that pedagogical agent (PA)–guided multimedia reading materials help increase 
L2 readers’ positive attitude towards reading by triggering interest in the combined form of visual content 
and verbal messages (Park, 2015; Schroeder et al., 2014; 2025). According to the interest development 
model, interest is a key factor in motivation and learning (Ainley et al., 2002; Hidi & Renninger, 2006; 
McDaniel et al., 2000) and develops from situational interest (initially triggered interest) to personal 
interest (fully developed interest) (Hidi & Renninger, 2006; Krapp, 2002). Therefore, supporting reading 
activities using interest–enhanced multimedia reading materials can promote L2 readers’ interest 
development in reading content and further their reading motivation.  

Regarding interest development, Keller (2010) explained that obtaining learners’ attention is the initial 
step for designing motivationally enhanced learning materials in his motivational design model based on 
attention, relevance, confidence, and satisfaction (ARCS). He specified attention into two specific types 
of arousal, perceptual arousal and inquiry arousal, that are essential not only to gain learning attention but 
also to build the initial stage of interest development. According to Keller (2010), perceptual arousal 
occurs in the form of spontaneous sensual curiosity triggered by a reflexive reaction to environmental 
stimuli such as sudden noise or visual stimulation. On the other hand, inquiry arousal occurs in the form 
of a deep cognitive curiosity resulting from incongruent, conflicting, or incomplete cognitive inputs such 
as partially completed questions.  

Although both types of arousal can contribute to forming a situational interest in multimedia reading 
tasks, arousal design needs to be carefully considered because it could elevate readers’ cognitive load 
(CL) unintentionally by imposing unnecessary stimuli or cognitive inputs (Mayer, 2009). For example, 
Park (2015) found in his PA–embedded online reading activity study that readers’ situational interest is 
negatively correlated with CL in online reading tasks. Yet, his study and many others do not consider the 
different characteristics of the arousal types, and how they influence readers’ CL (Mutlu–Bayraktar et al., 
2024; Paas et al., 2003; Sweller, 1999, 2005). This question is important for L2 learners whose CLs tend 
to be already high when exposed to reading materials without explicit foreign language instructional 
support (Roussel et al., 2017). In this study, we focused on two types of arousal (perceptual arousal and 
inquiry arousal) and examined how they differently influence L2 readers’ CL, perceived situational 
interest, and reading comprehension. We developed PA–guided multimedia reading tasks that are 
uniquely designed to present each type of arousal in two levels (high/low perceptual arousal and high/low 
inquiry arousal). 

Literature Review 

Situational Interest and Arousal 
The situational interest provides an incentive to selectively pay attention to given information and 
promotes the information processing when initial motivation is low (Alexander & Jetton, 1996; 
Flowerday et al., 2004). Studies have indicated that situational interest is related to attention and varies 
from person to person (Schraw & Lehman, 2001). According to Keller (2010), attention is promoted by 
two types of arousal, perceptual arousal, and inquiry arousal. Perceptual arousal is related to spontaneous 
curiosity, which can be triggered by reflexive reactions to stimuli (Berlyne, 1960; Keller, 2010). Inquiry 
arousal is defined as a deep curiosity resulting from incongruent, conflicting, or incomplete cognitive 
inputs (Berlyne, 1960; Keller, 2010). Berlyne suggested that novelty and unexpected stimuli activate a 
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curiosity drive resulting in exploratory behavior until the stimulus is no longer perceived to be novel. He 
further explained how the emergence of situational interest is correlated with “epistemic curiosity”, which 
comes from the gap in knowledge about the topic (Berlyne, 1960). Thus, human behavior is activated and 
changed along with different levels of arousal. Based on Keller’s (2010) and Berlyne’s (1960) works, 
Table 1 summarizes the concepts and design considerations for each type of arousal in creating 
multimedia reading tasks. 

Table 1  

Two Types of Arousal and Design Considerations for Multimedia Reading Task Design 

Type of Arousal Concepts Design considerations 
Perceptual arousal 
 

Collative variables such as 
novelty, change, surprisingness, 
visual incongruity, complexity, 
visual ambiguity, indistinctness. 

Create curiosity and wonderment 
by using novel approaches, 
injecting personal and/or 
emotional material. 

Inquiry arousal 
 

Cognitive incongruity (cognitive 
dissonance i.e., conflict & 
uncertainty), cognitive ambiguity. 

Increase curiosity by asking 
questions, creating paradoxes, 
generating inquiry, and nurturing 
thinking challenges. 

Arousal and Cognitive Load 
According to cognitive load theory (CLT), the human brain utilizes two types of memory—the working 
memory and long–term memory—to process, store, and access information (Paas & Sweller, 2014; 
Sweller et al., 1998; Sweller et al., 2014). Working memory has a limited capacity, and the effectiveness 
of instructional materials is affected by CL inherent in their designs. Cognitive load can be categorized 
into three types including intrinsic CL, extraneous CL, and germane CL (Paas & Sweller, 2014). Intrinsic 
CL exists in any type of instruction and can be manipulated by adjusting information/tasks. Extraneous 
CL is a result of ineffective instructional designs and can be minimized by following multimedia design 
principles. Lastly, germane CL is imposed by instructional design but involves the intended effort 
required to process new information. The germane CL has been linked to improved effectiveness of 
instruction by stimulating affective variables such as situational interest or curiosity (Kalyuga, 2010; 
Plass et al., 2010). Situational interest can also promote reading engagement (Flowerday et al., 2004) by 
influencing affective reactions and improving learning through increased generative processing (Mayer & 
Estrella, 2014; Plass et al., 2014). 

According to the active–processing assumption, the learners must actively engage in cognitive processing 
for learning to occur (Mayer, 2009). Since arousal initiates the formation of situational interest, the 
interaction of perceptual and inquiry arousal also influences learners’ perceived CL when presented 
through multimedia reading tasks. Hence, we argue that perceptual and inquiry arousals interact with one 
another although they are designed to use separate visual and auditory channels. Perceptual arousal is 
known to be short-lived (Berlyne, 1960; Keller, 2009) but because of the limited cognitive capacity of the 
human brain (Sweller et al., 1998), it could interfere with inquiry arousal if presented at the same time 
during a cognitively challenging activity such as reading. Hence, there is a need to investigate an 
interaction effect of perceptual and inquiry arousal conditions in multimedia reading tasks on CLs.  

Multimedia Reading Tasks with Animated Pedagogical Agents 
Although perceptual arousal and inquiry arousal attributes of attention are instrumental in triggering 
situational interest (Hidi et al., 2004; Keller, 2010), few studies explored the effect of perceptual arousal, 
presented by a PA on the development of situational interest specifically among populations of L2 
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readers. PAs are virtual characters embodied with human–like qualities of speech, gestures, or movement 
(Sweller et al., 2011) that improve learning and motivation in multimedia environments (Lin et al., 2020; 
Schroeder & Adescope, 2014). The benefits of using PAs in a learning environment include the 
“motivational stimulus effect” and the “persona effect” (Choi & Clark, 2006; Lester, et al., 1997). 

Through the visual appearance and verbal messages, PAs create a learning environment in which readers 
are motivated to understand given learning materials. Park (2015) found that PAs can promote learning 
from online multimedia materials by adjusting perceived cognitive load through generative processing. 
Perceptual arousal and inquiry arousal presented through the environmental stimuli and delivered 
message in a PA–led multimedia reading environment influence readers’ situational interest, three types 
of cognitive load, and reading comprehension. Well–designed pedagogical agents take advantage of the 
tenets of CLT and Cognitive Theory of Multimedia Learning (CTML) design principles by increasing 
situational interest and generative cognitive processing without affecting the intrinsic and extraneous 
cognitive loads. 

Research Questions (RQs) 

(1) What are the effects of perceptual arousal and inquiry arousal presented by a pedagogical agent on L2 
readers’ situational interest in online English reading tasks? 

(2) What are the effects of perceptual arousal and inquiry arousal presented by a pedagogical agent on L2 
readers’ cognitive load in online English reading tasks? 

(3) What are the effects of perceptual arousal and inquiry arousal presented by a pedagogical agent on L2 
readers’ reading comprehension in online English reading tasks? 

Methods 

Design 
The study employed a randomized 2 x 2 factorial design. Two independent variables included perceptual 
arousal with two levels (high vs. low) and inquiry arousal with two levels (high vs. low), both presented 
by pedagogical agents (PAs) in online reading tasks. The “high” and “low” designations were determined 
based on the presence or absence of specific arousal–inducing design features embedded in the PA within 
an online reading environment and represent a theoretical likelihood that perceptual or inquiry arousal 
would be triggered. The dependent variables were situational interest, three types of cognitive load 
(intrinsic, extraneous, and germane), and L2 readers’ reading comprehension. Participants were randomly 
assigned at the individual level to one of the four experimental conditions and completed identical 
posttest measures following the reading tasks. 

Participants 
The participants were 157 L2 readers enrolled in an English language program at a large public university 
located in the southeastern United States. Participants were recruited from classes in which students had 
been placed by the program’s standardized placement and progression procedures. All participants were 
classified through the program’s standardized placement and progression procedures. All participants 
were enrolled at Level 4 or higher, corresponding to an upper–intermediate to advanced proficiency band 
within the program. Although externally standardized proficiency scores were not available, restricting 
the sample to Level 4+ reduced extreme variability in English proficiency and helped align participant 
ability with the difficulty of the reading tasks. To ensure that subjects in experimental groups are 
equivalent, participants were randomly assigned to one of the four conditions at the individual level by 
drawing a card containing condition–specific login credentials (Coleman, 2019). Because assignment was 
implemented within regularly scheduled class sessions, students in the same class could be assigned to 
different conditions, and all conditions were represented across the study session. To examine group 
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equivalence among the four conditions on available demographic variables, a series of chi-square tests of 
independence were conducted between the four conditions and gender, age group, and ethnicity, 
respectively. All expected cell frequencies were greater than five. There was no statistically significant 
association between the four experimental conditions and gender type, χ2 (3) = 1.200, p = .753, no 
statistically significant association between the four experimental conditions and age groups, χ2 (6) = 
2.247, p = .896, and no statistically significant association between the four experimental conditions and 
types of ethnicity, χ2 (15) = 14.394, p = .496, suggesting the four groups were comparable on the 
measured demographic variables (see Table 2). 

Table 2 

Demographic Information by Experimental Condition 

Experimental 
condition 

Number of 
participants 

Gender, n 
(%) Age group, n (%) Ethnicity, n (%) 

High–PERA, 
High–INQA 

39 (24.84%) Female: 17 
(43.6%); 
Male: 22 
(56.4%) 

18–21: 11 (28.2%); 
22–25: 16 
(41.0%); >25: 12 
(30.8%) 

Arabic: 19 (48.7%); Chinese: 13 
(33.3%); European: 1 (2.6%); 
Japanese: 0 (0%); Korean: 1 
(2.6%); Other: 5 (12.8%) 

High–PERA, 
Low–INQA 

39 (24.84%) Female: 13 
(33.3%); 
Male: 26 
(66.7%) 

18–21: 16 (41.0%); 
22–25: 14 
(35.9%); >25: 9 
(23.1%) 

Arabic: 23 (59.0%); Chinese: 12 
(30.8%); European: 2 (5.1%); 
Japanese: 0 (0%); Korean: 1 
(2.6%); Other: 1 (2.6%) 

Low–PERA, 
High–INQA 

39 (24.84%) Female: 17 
(43.6%); 
Male: 22 
(56.4%) 

18–21: 13 (33.3%); 
22–25: 14 
(35.9%); >25: 12 
(30.8%) 

Arabic: 16 (41.0%); Chinese: 13 
(33.3%); European: 0 (0%); 
Japanese: 1 (2.6%); Korean: 3 
(7.7%); Other: 6 (15.4%) 

Low–PERA, 
Low–INQA 

40 (25.48%) Female: 17 
(42.5%); 
Male: 23 
(57.5%) 

18–21: 14 (35.0%); 
22–25: 17 
(42.5%); >25: 9 
(22.5%) 

Arabic: 19 (47.5%); Chinese: 14 
(35.0%); European: 1 (2.5%); 
Japanese: 2 (5.0%); Korean: 0 
(0%); Other: 4 (10.0%) 

Study Materials 
Two reading passages in American history were selected from the Timed Readings series published by 
Jamestown Publishers. To identify appropriate materials, 12 candidate titles were first selected based on 
instructor recommendations. These titles were then rated for perceived interest by 26 students with similar 
demographics to the study participants. Two titles with the lowest average interest rating were selected to 
minimize potential confounding effects of topic interest. We were careful not to expose the study 
participants to the reading content used in this experiment. The selected passages were “The Surrender at 
Yorktown” and “Agony at Andersonville.” The two selected passages had Lexile levels of 1030L and 
1080L (Lexile Analyzer, 2017), which were slightly above the average reading level typically targeted in 
the program’s Level 4+ curriculum. This selection was intended to maintain task challenge while 
remaining accessible to the study population. The texts were integrated into a web–based online reading 
software program (Smith et al., 2013) designed with the pedagogical agent positioned on the left side of 
the screen and the reading text on the right (Figures 1 and 2). The platform supported user authentication, 
configurable experimental conditions, secure data storage, and automated usage data collection. 
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Condition-specific login credentials ensured that participants were exposed only to the assigned 
experimental conditions. Students navigated through online reading materials using a button placed on the 
bottom of each screen. Backward navigation was disabled, and participants could not advance without 
first viewing the presented text. A warning message appeared if an attempt was made to advance 
prematurely. The system also recorded timestamps for each page transition to record abnormal reading 
times for individual participants.  

Figure 1 

Online Reading Program – Bookshelf Screen 

 

Figure 2 

Online Reading Program – Reading Task Screen 

 
 

Independent Variables 
Perceptual Arousal Condition 
The perceptual arousal condition was designed to activate learners’ perceptual arousal through visual and 
auditory salience cues presented by the pedagogical agent at the start of each reading page.  Two levels of 
perceptual arousal were created by manipulating the agent’s background image, gesture animation, and 
voice delivery style. In the high perceptual arousal condition, a background image depicting a scene 
relevant to the reading content was displayed, the pedagogical agent performed brief upper-body gesture 
animations at page load, and the agent’s spoken message was delivered with dynamic and expressive 
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voice intonation (see Figures 3 and 4). In the low perceptual arousal condition, no background image was 
displayed, the agent remained visually static, and the spoken message was delivered using comparatively 
monotone voice without expressive variation (see Figures 5 and 6). These features were intended to 
manipulate novelty, movement, and sensory salience in accordance with theoretical definitions of 
perceptual arousal.  

Figure 3 

High Perceptual, High Inquiry Arousal Inducing Condition 

 

Figure 4 

High Perceptual, Low Inquiry Arousal Inducing Condition 

 
Inquiry Arousal Condition 
The inquiry arousal condition was designed to activate learners’ inquiry arousal through the content of the 
pedagogical agent’s spoken message at the start of each page. Two levels of inquiry arousal were created 
by manipulating the type of message delivered.  In the high inquiry arousal condition (see Figures 3 and 
5), the agent presented text–relevant, cognitively engaging prompts intended to introduce uncertainty, 
conflict, or incomplete information, thereby encouraging prediction, inference, or causal reasoning (e.g., 
“Was Cornwallis almost able to escape because of the severe weather, or was the weather responsible for 
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a decisive British defeat?”). In the low inquiry arousal condition (see Figures 4 and 6), the agent delivered 
brief procedural messages that did not include inquiry–based cognitive challenge (e.g., “Continue 
reading.”). Inquiry arousal prompts were aligned with the content of each reading page and were 
presented consistently at page load across the four reading pages. 

Figure 5 

Low Perceptual, High Inquiry Arousal Inducing Condition 

 

Figure 6 

Low Perceptual, Low Inquiry Arousal Inducing Condition 

 
 

Summary of Arousal Conditions 
Four experimental conditions were formed by crossing perceptual arousal (high vs. low) and inquiry 
arousal (high vs. low) as illustrated in Figures 3–6 and summarized in Table 3. iClone 6 software was 
used to create a life–like animated character with facial expressiveness and adjustable background 
settings. Spoken messages were recorded with the assistance of an English high school teacher. A pilot 
test with a manipulation check was conducted prior to the main study to confirm that the pedagogical 
agents functioned as intended for each arousal condition.   
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Table 3 

Operationalization of Perceptual Arousal and Inquiry Arousal in the Pedagogical Agent–Guided Reading 
Tasks 

Condition Perceptual arousal cues 
(visual/auditory salience) 

Inquiry arousal cues (message 
type) 

Timing and 
frequency 

High PERA 
+ High 
INQA 

Background image present; pedagogical 
agent displays brief upper–body gesture 
animation; spoken message delivered 
with dynamic and expressive voice 
intonation 

Text–relevant, cognitively 
challenging prompts introducing 
uncertainty, inference, or causal 
reasoning (e.g., prediction or 
paradoxical questions) 

Delivered on 
page load across 
four reading 
pages 

High PERA 
+ Low 
INQA 

Background image present; pedagogical 
agent displays brief upper–body gesture 
animation; spoken message delivered 
with dynamic and expressive voice 
intonation 

Brief procedural directive 
without cognitive challenge 
(e.g., “Continue reading.”) 

Delivered on 
page load across 
four reading 
pages 

Low PERA 
+ High 
INQA 

No background image; pedagogical 
agent remains visually static; spoken 
message delivered with comparatively 
monotone voice intonation 

Text–relevant, cognitively 
challenging prompts introducing 
uncertainty, inference, or causal 
reasoning 

Delivered on 
page load across 
four reading 
pages 

Low PERA 
+ Low 
INQA 

No background image; pedagogical 
agent remains visually static; spoken 
message delivered with comparatively 
monotone voice intonation 

Brief procedural directive 
without cognitive challenge 

Delivered on 
page load across 
four reading 
pages 

Note. PERA = perceptual arousal; INQA = inquiry arousal. Inquiry arousal prompts were aligned with the content of 
each reading page and were designed to introduce cognitive incongruity or uncertainty. Perceptual arousal cues were 
implemented through combinations of background imagery, agent gesture animation, and voice expressiveness. 

Dependent Variables 
Situational Interest 
Situational interest was defined as a person–topic relationship triggered by features of the instructional 
environment (Hidi & Renninger, 2006). In this study, situational interest was operationally defined as 
participants’ self–reported interest and affective reactions during the online reading tasks. Situational 
interest was measured using the six–item scale adopted from Rotgans and Schmidt (2011). Sample items 
included: “I think these topics were interesting” and “I was bored” (reverse-coded). Responses were 
recorded on a 5–point Likert scale ranging from 1 (not true at all) to 5 (very true for me), with higher 
scores indicating greater situational interest. The scale demonstrated acceptable internal consistency in the 
present study (α = .85). 

Cognitive Load 
Cognitive load was defined as “the mental effort required in working memory during learning” (Sweller 
et al., 1998, p. 259). Three types of cognitive load—intrinsic, extraneous, and germane—were measured 
separately using an 11–item instrument adapted from Leppink et al. (2013). The instrument included three 
items for intrinsic cognitive load, three items for extraneous cognitive load, and four items for germane 
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cognitive load. Responses were recorded on an 11–point Likert scale ranging from 0 (not at all the case) 
to 10 (completely the case), with higher scores indicating greater perceived cognitive load. The internal 
consistency coefficients for intrinsic, extraneous, and germane cognitive load were 0.83, 0.74, and 0.91, 
respectively. 

Reading Comprehension 
Reading comprehension was measured using a 20–item multiple–choice test provided by the publisher for 
each selected reading passage. The test assessed both factual recall and understanding of key ideas in the 
text (e.g., “The author implies that Count de Grasse was…”). Face validity and ecological validity were 
supported by the test’s publication status and instructor recommendations within the English language 
program.  

Procedures 
The experiment was conducted during thirteen one–hour sessions held during regularly scheduled 
computer lab times across 18 classes in the English language program. After a brief introduction and 
completion of informed consent procedures, lab participants logged in to the online reading program 
using randomly selected, condition–specific credentials. This procedure implemented random assignment 
at the individual level within each lab session which could accommodate up to 20 students. After logging 
in, participants were presented with a tile screen and instructed to wait for a verbal signal from the 
researcher to begin the experiment simultaneously. Participants were then given approximately 20 
minutes to complete the online reading tasks, which consisted of four text pages with an embedded 
pedagogical agent. On each page, the agent delivered the condition–specific arousal cues at page load. 
Following the reading tasks, participants completed the situational interest survey, cognitive load survey, 
and reading comprehension test (see Figure 7).  

Figure 7 

Study Procedure 

 

Results 

RQ1: The effects of perceptual arousal and inquiry arousal induced by a pedagogical 
agent on L2 readers’ situational interest in online English reading tasks. 
Data analyses were conducted using SPSS 24 (IBM Corp, 2020). For each dependent variable, alpha was 
set at .05. A two-way ANOVA was performed to examine the effects of perceptual arousal and inquiry 
arousal on L2 readers’ situational interest. Residual analysis was performed to test for the assumptions of 
the two-way ANOVA. Outliers were assessed by inspection of a boxplot, normality was assessed using 
Shapiro-Wilk's normality test for each cell of the design, and homogeneity of variances was assessed by 
Levene's test. There were no outliers, but residuals were not normally distributed (p = .021) in the high-
perceptual arousal, low-inquiry arousal condition; however, due to ANOVA’s robustness this violation of 
normality assumption was considered acceptable (Field, 2013). There was no evidence of a lack of 
homogeneity of variances (p = .981). The descriptive statistics are summarized in Table 4. 
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An analysis of the main effects for perceptual arousal and inquiry arousal levels showed no statistically 
significant difference in situational interest scores between the high perceptual arousal condition and the 
low perceptual arousal condition, F(1, 153) = 0.017, p = .896, partial η2 < .001, or between the high 
inquiry arousal condition and the low inquiry arousal condition, F(1, 153) = 1.905, p = .170, partial 
η2 = .012. The interaction effect between levels of perceptual arousal and inquiry arousal on situational 
interest was not statistically significant, F (1, 152) = 0.270, p = .604, partial η2 = .002.  

Table 4  

Descriptive Statistics for the Outcome Variables (Standard Deviation in Parentheses) 

 Condition a 
 High-PERA Low-PERA 

Measures High-INQA 
 (n = 39) 

Low-INQA  
(n = 39) 

High-INQA 
 (n = 39) 

Low-INQA  
 (n = 40) 

Situational interest b  3.20 (.82) 2.95 (.79) 3.15 (0.80) 3.04 (.78) 
Cognitive load c     

Intrinsic CL 6.03 (2.00) 5.93 (2.00) 5.15 (2.19) 5.89 (1.98) 
Extraneous CL 4.15 (2.47) 3.46 (1.96) 3.59 (2.38) 4.22 (2.32) 
Germane CL 6.71 (1.75) 5.22 (2.23) 6.21 (2.18) 6.39 (1.97) 

Reading comprehension d 10.72 (3.20) 9.64 (3.00) 10.15 (3.32) 8.90 (2.79) 
Note. a PERA = perceptual arousal, INQA = inquiry arousal; b Possible range for situational interest (1–5); c Possible 
range for engagement (0–10); d Possible range for reading comprehension (0–20). 

RQ2: The Effects of Perceptual Arousal and Inquiry Arousal Induced by a Pedagogical 
Agent on L2 Readers’ Cognitive Load in Online English Reading Tasks 
Three separate two-way ANOVAs were conducted to examine the effects of perceptual arousal and 
inquiry arousal on L2 readers' three conceptually different CLs. There were no outliers, residuals were 
normally distributed (p > .05), and there was no evidence of lack of homogeneity of variances (p > .05) 
for each of the three CL outcomes. With regard to intrinsic CL, an analysis of the main effects for 
perceptual arousal and inquiry arousal levels showed no statistically significant difference in intrinsic CL 
scores between the high perceptual arousal condition and the low perceptual arousal condition,  
F(1, 153) = 2.025, p = .157, partial η2 = .013, or between the high inquiry arousal condition and the low 
inquiry arousal condition, F(1, 153) = .973, p = .326, partial η2 = .006. The interaction effect between 
levels of perceptual arousal and inquiry arousal on intrinsic CL was not statistically significant,  
F (1, 153) = 1.691, p = .195, partial η2 = .011.  

To compare extraneous CL, an analysis of the main effects for perceptual arousal and inquiry arousal 
levels showed no statistically significant difference in extraneous CL scores between the high perceptual 
arousal condition and the low perceptual arousal condition, F(1, 153) = 0.363, p = .548, partial η2 = .002, 
or between the high inquiry arousal condition and the low inquiry arousal condition,  
F(1, 153) = .600, p = .440, partial η2 = .004. The interaction effect between levels of perceptual arousal 
and inquiry arousal on extraneous CL was not statistically significant, F (1, 153) = 0.879, p = .350, partial 
η2 = .006.  

Regarding germane CL, the main effect analysis showed no statistically significant difference in germane 
CL scores between the high perceptual arousal condition and the low perceptual arousal condition,  
F(1, 153) = 1.076, p = .301, partial η2 = .007. However, there was a statistically significant difference in 
germane CL scores between the high inquiry arousal condition and the low inquiry arousal condition,  
F(1, 153) = 4.047, p = .046, partial η2 = .041. Further simple main effect analysis for perceptual arousal 
and inquiry arousal levels showed no statistically significant difference in germane CL score between the 
high perceptual arousal condition and the low perceptual arousal condition, F(1, 152) = 1.004, p = .318, 
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partial η2 = .007, but the analysis did show a statistically significant difference between the high inquiry 
arousal condition and the low inquiry arousal condition, F(1, 152) = 3.945, p = .049, partial η2 = .025. In 
addition, we found a statistically significant interaction between perceptual and inquiry arousal levels on 
germane CL, F(1, 153) = 6.511, p = .012, partial η2 = .041 (see Table 5 and Figure 8). As shown in Table 
6, within the high-inquiry arousal condition, the difference between the high- and low-perceptual arousal 
groups was small and positive, d = 0.25, 95% CI [−0.19, 0.70]. Within the low-inquiry arousal condition, 
the difference between the high- and low-perceptual arousal groups was moderate and negative,  
d = −0.56, 95% CI [−1.01, −0.11]. These simple effects are consistent with the significant perceptual and 
inquiry arousal interaction shown in Figure 8. Within the low perceptual arousal condition, mean germane 
cognitive load was slightly higher in the low inquiry arousal group than in the high inquiry arousal group, 
whereas the opposite pattern was observed under high perceptual arousal. However, in the high perceptual 
arousal condition, the high inquiry condition had a much higher impact on germane CL than the low 
inquiry condition. 

Table 5 

Two-way Analysis of Variance for the Germane Cognitive Load 

Source df MS a F b p c 
Perceptual arousal (two levels) 1 4.483 1.076 0.301 
Inquiry arousal (two levels) 1 16.869 4.047 0.046* 
Perceptual arousal x Inquiry arousal  1 27.138 6.511 0.012* 
Error 153 4.168   

Note.  a MS = Mean Square.  b F = F statistics.  c p = Significance level.  * p < 0.05. 

Table 6  

Effect Size for the Germane Cognitive Load 

 High-PERA a Low-PERA Effect size 95% CI 
High-INQA b 6.71 (SD = 1.75, n =39) 6.21 (SD = 2.18, n =39) 0.25 –0.19, 0.70 
Low-INQA 5.22 (SD = 2.23, n =39) 6.39 (SD = 1.97, n =40) –0.56 c –1.01, –0.11 
Note. a PERA = perceptual arousal. b INQA = inquiry arousal. c Cohen's medium effect size. 

Figure 8 

Interaction Effect for the Germane Cognitive Load 
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RQ3: The Effects of Perceptual Arousal and Inquiry Arousal Induced by a Pedagogical 
Agent on L2 Readers’ Reading Comprehension in Online English Reading Tasks 
A two-way ANOVA was conducted to examine the effects of perceptual arousal and inquiry arousal on 
L2 readers' reading comprehension. There were no outliers, residuals were normally distributed (p > .05), 
and there was no evidence of a lack of homogeneity of variances (p = .665). The results showed no 
statistically significant difference in reading comprehension scores between the high perceptual arousal 
condition and the low perceptual arousal condition, F(1, 153) = 1.762, p = .186, partial η2 = .011  
(see Table 7). However, the score difference between the high inquiry arousal condition and the low 
inquiry arousal condition was statistically significant, F(1, 153) = 5.618, p = .019, partial η2 = .035. 
Simple main effect analysis with 95% confidence intervals showed that the marginal means for reading 
comprehension score were 10.18 (SE = 0.35) for the high perceptual arousal condition and 9.53  
(SE = 0.35) for the low perceptual arousal condition, not a statistically significant mean difference of 
0.65, 95% CI [–0.32, 1.62], p = .186.  However, the marginal means for reading comprehension score 
were 10.44 (SE = 0.35) for the high inquiry arousal condition and 9.27 (SE = 0.35) for the low inquiry 
arousal condition, which showed a statistically significant difference of 1.17, 95% CI [0.19, 2.14], 
p = .019. The interaction effect between levels of perceptual arousal and inquiry arousal on reading 
comprehension was not statistically significant, F (1, 153) = 0.032, p = .857, partial η2 < .001. Effect sizes 
between each of the four conditions are presented in Table 8. 

Table 7 

Two–way Analysis of Variance for Reading Comprehension 

Source df MS a F b p c 
Perceptual arousal (two levels) 1 16.712 1.762 0.186 
Inquiry arousal (two levels) 1 53.300 5.618 0.019* 
Perceptual arousal x Inquiry arousal  1 0.037 0.032 0.857 
Error 153 9.487   

Note. a MS = Mean Square. b F = F statistics. c p = Significance level. * p < 0.05. 

Table 8  

Effect Size for Reading Comprehension 

 High-PERA a Low-PERA Effect size 95% CI 
High–INQA b 10.72 (SD = 3.20, n = 39) 10.15 (SD = 3.32, n = 39) 0.17 –0.27, 0.62 
Low–INQA 9.64 (SD = 3.00, n = 39) 8.90 (SD = 2.80, n = 40) 0.26 c –0.19, 0.70 
Note. a PERA = perceptual arousal. b INQA = inquiry arousal. c Cohen’s small effect size. 

Discussion 

This discussion is organized around the three research questions (RQs). First, neither perceptual arousal 
nor inquiry arousal significantly affected learners’ self–reported situational interest. Second, inquiry 
arousal was associated with higher germane cognitive load, and this effect depended on the level of 
perceptual arousal. Third, inquiry arousal was also associated with higher reading comprehension. Taken 
together, these findings suggest that in PA-guided online reading tasks for L2 learners, cognitively 
engaging prompts may be more consequential than perceptually salient agent features alone for 
supporting productive engagement with text. 

Regarding RQ1, the study did not find significant main or interaction effects of perceptual arousal and 
inquiry arousal on situational interest. Across conditions, situational interest scores remained near the 
midpoint of the scale, suggesting that learners reported comparable levels of interest regardless of the 
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arousal cues embedded in the pedagogical agent. This result is consistent with prior work suggesting that 
visual embellishments or media features do not necessarily translate into higher self-reported situational 
interest (Park, 2015). In the present context, one possible explanation is that learners were already 
devoting substantial attention to reading the text itself, which may have reduced the influence of 
additional perceptual cues on their affective judgments (Mayer, 2009). Another possibility is that 
situational interest, as measured here, was less sensitive to brief arousal manipulations than were the 
cognitive and performance outcomes. Rather than indicating that the manipulations were ineffective 
overall, the finding suggests that their influence may have operated more strongly through generative 
processing than through learners’ explicit reports of interest. 

Regarding RQ2, neither perceptual arousal nor inquiry arousal significantly affected intrinsic or 
extraneous cognitive load. This pattern is important because it suggests that the arousal manipulations did 
not measurably increase unnecessary processing demands in this learning context. In other words, the 
pedagogical agent features used here do not appear to have imposed additional extraneous burden, nor did 
they alter learners’ perceptions of the inherent difficulty of the reading tasks. Although this pattern should 
be interpreted cautiously, it is broadly consistent with the possibility that the reading materials and arousal 
manipulations were manageable for this participant group. 

A different pattern emerged for germane cognitive load. Inquiry arousal produced a significant main 
effect on germane cognitive load, indicating that learners reported greater productive mental effort when 
the pedagogical agent delivered text-relevant, cognitively challenging prompts. This finding aligns with 
theoretical accounts of inquiry arousal as a trigger for epistemic curiosity and deeper engagement with 
content (Park, 2015). Prompts that invite prediction, inference, or causal reasoning may encourage 
learners to allocate more effort to organizing and integrating information, thereby increasing germane 
processing during reading. The result also supports the view that pedagogical agents can influence 
learning not simply through social presence or visual appeal, but through the cognitive quality of the 
guidance they provide. 

The interaction between perceptual arousal and inquiry arousal on germane cognitive load further refines 
this interpretation. Inquiry arousal appeared to be more beneficial when paired with high perceptual 
arousal than when paired with low perceptual arousal. From the perspective of Cognitive-Affective 
Theory of Learning with Media (CATLM), motivational factors such as arousal may mediate learning by 
influencing learners’ cognitive engagement (Moreno, 2005). In this study, the combination of high 
perceptual and high inquiry arousal appears to have capitalized on such mediation, resulting in higher 
germane CL. These findings are consistent with Mayer’s (2014b) social cue-based multimedia design 
principles, particularly the personalization and voice principles. One plausible interpretation is that 
perceptually salient agent cues helped direct attention to the inquiry prompts, making those prompts more 
effective in stimulating generative processing. At the same time, the mixed-arousal conditions appeared 
less supportive of germane processing. Because the interaction was observed only for germane cognitive 
load and not for reading comprehension, this pattern should be interpreted as suggestive rather than 
definitive. Still, it points to the possibility that alignment between an agent’s perceptual salience and its 
cognitively engaging verbal guidance may matter more than either feature in isolation. 

Regarding RQ3, inquiry arousal was also associated with higher reading comprehension, whereas 
perceptual arousal alone was not. Learners in the high inquiry arousal condition achieved significantly 
higher comprehension scores than those in the low inquiry arousal condition. This finding is consistent 
with the germane cognitive load results and suggests that inquiry-oriented prompts may support 
comprehension by encouraging learners to process the text more actively. Questions that create 
uncertainty or invite inference may prompt readers to monitor meaning more carefully, connect ideas 
across the text, and engage in deeper elaboration. In contrast, perceptual arousal cues alone did not yield 
measurable gains in comprehension, indicating that visual and auditory salience by itself may be 
insufficient to improve learning outcomes in text-based tasks. 
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Overall, the findings suggest that not all forms of arousal function similarly in PA-guided L2 reading. 
Perceptual arousal may help capture attention, but inquiry arousal appears more directly tied to productive 
cognitive engagement and comprehension. This distinction is important for the design of multimedia 
reading materials. For L2 learners, pedagogical agents may be most effective when they do more than add 
animation or expressive delivery. They should also provide prompts that provoke meaningful cognitive 
engagement with the text. In this sense, the study extends prior work by showing that inquiry-oriented 
message design may be a more important instructional lever than perceptual salience alone in supporting 
L2 readers’ engagement and learning outcomes. 

Limitations of the Study 

Several limitations should be considered when interpreting the findings. First, participants were drawn 
from a local population of college-age English language learners, the majority of whom were young adult 
males with predominantly Arabic and Chinese linguistic backgrounds. This demographic composition 
may limit the generalizability of the findings to other age groups and cultural contexts. Future studies 
should include more diverse participant populations to strengthen external validity. Second, the 
background images used in the high perceptual arousal condition may have functioned not only as 
arousal-inducing stimuli but also as comprehension supports. For example, background imagery could 
have facilitated visualization processes that aid text comprehension (National Reading Panel [NRP], 
2000). Future research should disentangle the arousal–related and instructional functions of such visual 
elements. 

Finally, this study did not include pretests of reading comprehension or baseline measures of topic or 
English reading interests. Although participants were drawn from a constrained program-defined 
proficiency band, our study did not include externally standardized English proficiency scores, which 
limits the precision with which language proficiency can be compared across studies. 

Conclusion and Future Work 

It has long been recognized that arousal and motivation play important roles in learning from text 
(Kintsch, 1980; Weiner, 1990). Recent advances in artificial intelligence and multimedia technologies 
have made life–like pedagogical agents increasingly accessible, yet empirical guidance for their effective 
design in L2 reading contexts remains limited. This study examined how perceptual arousal and inquiry 
arousal embedded in pedagogical agent–guided online reading tasks were associated with L2 readers’ 
situational interest, cognitive load, and reading comprehension. The findings indicate that inquiry arousal, 
operationalized through text-relevant and cognitively challenging prompts, was associated with higher 
germane cognitive load and higher reading comprehension. By contrast, perceptual arousal alone did not 
produce measurable benefits for situational interest, cognitive load, or comprehension in this context. In 
addition, perceptual arousal interacted with inquiry arousal in predicting germane cognitive load, 
suggesting that inquiry-oriented prompts may be especially effective when paired with supportive 
perceptual agent features. These findings point to the instructional value of designing pedagogical agents 
that stimulate cognitive curiosity rather than relying primarily on visual or auditory salience. 

The study contributes to research on pedagogical agents in L2 reading by clarifying that the cognitive 
content of an agent’s guidance may matter more than its perceptual liveliness alone. For designers of 
multimedia reading tasks, the results suggest that prompts encouraging prediction, inference, and causal 
reasoning may better support productive engagement with text than agent features intended only to 
capture attention. At the same time, the findings should be interpreted within the limits of a posttest-only 
design and a relatively specific learner population. 

Future research should incorporate pretests of reading comprehension and baseline measures of reading 
interest to examine change over time more directly. It would also be useful to isolate specific perceptual 
and inquiry cues to determine which design features are most influential and under what conditions. In 
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addition, qualitative evidence such as interviews, focus groups, or think–aloud protocols could help 
explain why some arousal manipulations appear to influence generative processing without producing 
corresponding differences in self-reported situational interest. Finally, studies with more diverse learner 
populations and more explicit proficiency indicators would help determine the extent to which these 
findings generalize across L2 contexts. 

References 

Ainley, M., Hidi, S., & Berndorff, D. (2002). Interest, learning, and the psychological processes that 
mediate their relationship. Journal of Educational Psychology, 94(3), 545–561. 
https://doi.org/10.1037/0022–0663.94.3.545  

Alexander, P. A., & Jetton, T. L. (1996). The role of importance and interest in the processing of text. 
Educational Psychology Review, 8(1), 89–121. https://doi.org/10.1007/BF01761832  

Allen, L. K., Jacovina, M. E., & McNamara, D. S. (2016). Cohesive features of deep text comprehension 
processes. In Proceedings of the 38th Annual Meeting of the Cognitive Science Society (pp. 2681–
2686). Cognitive Science Society. 

Berlyne, D. E. (1960). Conflict, arousal, and curiosity. McGraw–Hill.  https://doi.org/10.1037/11164–000 

Bifuh–Ambe, E. (2011). Postsecondary learning: Recognizing the needs of English language learners in 
mainstream university classrooms. Multicultural Education, Spring, 13–19. 

Chang, C. (2006). Effects of topic familiarity and linguistic difficulty on the reading strategies and mental 
representations of nonnative readers of Chinese. Journal of Language and Learning, 4(2), 172–
198. 

Choi, S., & Clark, R. (2006). Cognitive and affective benefits of an animated pedagogical agent for 
learning English as a second language. Journal of Educational Computing Research, 34(4), 441–
466. https://doi.org/10.2190/A064-U776-4208-N145  

Coleman, R. (2019). Designing experiments for the social sciences. Sage. 
https://doi.org/10.4135/9781071878958 

Cox, K. E., & Guthrie, J. T. (2001). Motivational and cognitive contributions to students’ amount of 
reading. Contemporary Educational Psychology, 26(1), 116 –131. 
https://doi.org/10.1006/ceps.1999.1044 

Feller, D. P., Kopatich, R. D., Lech, I., & Higgs, K. (2020). Exploring reading strategy use in native and 
L2 readers. Discourse Processes, 57(7), 590–608. 
https://doi.org/10.1080/0163853X.2020.1735282  

Field, A. (2013). Discovering statistics using IBM SPSS statistics. Sage. 

Flowerday, T., Schraw, G., & Stevens, J. (2004). The role of choice and interest in reader engagement. 
The Journal of Experimental Education, 72(2), 93–114. https://doi.org/10.3200/JEXE.72.2.93–
114 

Grabe, W. (2009). Reading in a second language: Moving from theory to practice. Cambridge University 
Press. https://doi.org/10.1017/CBO9781139150484  

Graesser, A. C., McNamara, D. S., & Louwerse, M. M. (2003). What do readers need to learn in order to 
process coherence relations in narrative and expository text. In A. P. Sweet & C. E. Snow (Eds.), 
Rethinking reading comprehension (pp. 82–98). Guilford Press. 

Hallman, J. (2009). Reading aloud: Comprehending, not word calling. In R. Stone (Ed.), Best practices 
for teaching reading: What award–winning classroom teachers do. Sage. 

https://doi.org/10.1007/BF01761832
https://doi.org/10.1037/11164-000
https://doi.org/10.2190/A064-U776-4208-N145
https://doi.org/10.4135/9781071878958
https://doi.org/10.1006/ceps.1999.1044
https://doi.org/10.1080/0163853X.2020.1735282
https://doi.org/10.1017/CBO9781139150484


Jack Drobisz, Sanghoon Park, Glenn Smith 17 
  

  
  
Habók, A., & Magyar, A. (2019). The effects of EFL reading comprehension and certain learning–related 

factors on EFL learners’ reading strategy use. Cogent Education, 6(1), Article 1616522. 
https://doi.org/10.1080/2331186X.2019.1616522  

Hidi, S., & Renninger, K. A. (2006). The four–phase model of interest development. Educational 
Psychologist, 41(2), 111–127. https://doi.org/10.1207/S15326985EP4102_4  

Hidi, S., Renninger, K. A., & Krapp, A. (2004). Interest, a motivational variable that combines affective 
and cognitive functioning. In D. Y. Dai, & R. J. Sternberg (Eds.), Motivation, emotion, and 
cognition: Integrative perspectives on intellectual functioning and development (pp. 89–115). 
Lawrence Erlbaum Associates. https://doi.org/10.4324/9781410610515–11 

IBM Corp. (2020). IBM SPSS statistics (Version 24) [Computer software]. IBM Corp. 

Institute of International Education (2024). United States hosts more than 1.1 million international 
students at higher education institutions, reaching all–time high. IIE. 
https://www.iie.org/news/us-hosts-more-than-1-1-million-intl-students-at-higher-education-
institutions-all-time-high/  

Jabbari, M. J., & Golkar, N. (2014). The relationship between EFL learners’ language learning attitudes 
and language learning strategies. International Journal of Linguistics, 6(3), 161–167. 
https://doi.org/10.5296/ijl.v6i3.5837  

Kalyuga, S. (2010). Schema acquisition and sources of cognitive load. In J. L. Plass, R. Moreno, & R. 
Brünken (Eds.), Cognitive load theory (pp. 48–64). Cambridge University Press. 
https://doi.org/10.1017/CBO9780511844744.005 

Keller, J. M. (2010). Motivational design for learning and performance: The ARCS model approach. 
Springer. https://doi.org/10.1007/978–1–4419–1250–3 

Kintsch, W. (1980). Learning from text, levels of comprehension, or: Why anyone would read a story 
anyway. Poetics, 9(1), 87–98. https://doi.org/10.1016/0304–422X(80)90013–3 

Kırmızı, F. S. (2011). The relationship between reading comprehension strategies and reading attitudes. 
Education, 39(3), 289–303. https://doi.org/10.1080/03004270903514320 

Krapp, A. (2002). Structural and dynamic aspects of interest development: Theoretical considerations 
from an ontogenetic perspective. Learning and Instruction, 12(4), 383–409. 
https://doi.org/10.1016/S0959–4752(01)00011–1 

Leppink, J., Paas, F., Van der Vleuten, C. P., Van Gog, T., & Van Merriënboer, J. J. (2013). Development 
of an instrument for measuring different types of cognitive load. Behavior Research Methods, 
45(4), 1058–1072. https://doi.org/10.3758/s13428-013-0334-1  

Lester, J. C., Converse, S. A., Kahler, S. E., Barlow, S. T., Stone, B. A., & Bhogal, R. S. (1997). The 
persona effect: affective impact of animated pedagogical agents. In Proceedings of the ACM 
SIGCHI Conference on Human Factors in Computing Systems (pp. 359–366). ACM. 
https://doi.org/10.1145/258549.258797 

Lin, L., Ginns, P., Wang, T., & Zhang, P. (2020). Using a pedagogical agent to deliver conversational 
style instruction: What benefits can you obtain? Computers & Education, 143, Article 103658. 
https://doi.org/10.1016/j.compedu.2019.103658  

Mayer, R. E. (2009). Multimedia learning (2nd ed.). Cambridge University Press. 
https://doi.org/10.1017/CBO9780511811678 

https://doi.org/10.1080/2331186X.2019.1616522
https://doi.org/10.1207/S15326985EP4102_4
https://doi.org/10.4324/9781410610515-11
https://www.iie.org/news/us-hosts-more-than-1-1-million-intl-students-at-higher-education-institutions-all-time-high/
https://www.iie.org/news/us-hosts-more-than-1-1-million-intl-students-at-higher-education-institutions-all-time-high/
https://doi.org/10.5296/ijl.v6i3.5837
https://doi.org/10.1017/CBO9780511844744.005
https://doi.org/10.1007/978-1-4419-1250-3
https://doi.org/10.1016/0304-422X(80)90013-3
https://doi.org/10.1080/03004270903514320
https://doi.org/10.1016/S0959-4752(01)00011-1
https://doi.org/10.3758/s13428-013-0334-1
https://doi.org/10.1145/258549.258797
https://doi.org/10.1016/j.compedu.2019.103658
https://doi.org/10.1017/CBO9780511811678


18 Language Learning & Technology 
  

 
 
Mayer, R. E. (2014b). Principles based on social cues in multimedia learning: Personalization, voice, 

image, and embodiment principles. In R. Mayer (Ed.), The Cambridge handbook of multimedia 
learning (2nd ed., pp. 345–368). Cambridge University Press. 
https://doi.org/10.1017/CBO9781139547369.017 

Mayer, R. E., & Estrella, G. (2014). Benefits of emotional design in multimedia instruction. Learning and 
Instruction, 33, 12–18. https://doi.org/10.1016/j.learninstruc.2014.02.004 

McDaniel, M. A., Waddill, P. J., Finstad, K., & Bourg, T. (2000). The effects of text–based interest on 
attention and recall. Journal of Educational Psychology, 92(3), 492–502. 
https://doi.org/10.1037/0022–0663.92.3.492 

Mok K. H. (2022). Impact of COVID–19 on higher education: Critical reflections. Higher Education 
Policy, 35(3), 563–567. https://doi.org/10.1057/s41307-022-00285-x 

Moreno, R. (2005). Instructional technology: promise and pitfalls (pp. 1–19). Information Age 
Publishing. 

Mutlu–Bayraktar, D. (2024). A systematic review of emotional design research in multimedia learning. 
Education and Information Technologies, 29(18), 24603–24626. https://doi.org/10.1007/s10639–
024–12823–8 

National Reading Panel (2000). Comprehension III teacher preparation and comprehension strategies 
instruction. NRP. 
https://www.nichd.nih.gov/sites/default/files/publications/pubs/nrp/Documents/ch4-III1.pdf  

Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load theory and instructional design: Recent 
developments. Educational Psychologist, 38(1), 1–4. 
https://doi.org/10.1207/S15326985EP3801_1 

Paas, F., & Sweller, J. (2014). Implications of cognitive load theory for multimedia learning. In R. Mayer 
(Ed.), The Cambridge handbook of multimedia learning (2nd ed., pp. 27–42). Cambridge 
University Press. https://doi.org/10.1017/CBO9781139547369.005 

Park, S. (2015). The effects of social cue principles on cognitive load, situational interest, motivation, and 
achievement in pedagogical agent multimedia learning. Journal of Educational Technology & 
Society, 18(4), 211–229. 

Perfetti, C., & Stafura, J. (2014). Word knowledge in a theory of reading comprehension. Scientific 
Studies of Reading, 18(1), 22–37. https://doi.org/10.1080/10888438.2013.827687  

Plass, J. L., Moreno, R., & Brünken, R. (2010). Cognitive load theory. Cambridge University Press. 

Plass, J. L., Heidig, S., Hayward, E. O., Homer, B. D., & Um, E. (2014). Emotional design in multimedia 
learning: Effects of shape and color on affect and learning. Learning and Instruction, 29, 128–
140. https://doi.org/10.1016/j.learninstruc.2013.02.006 

Rotgans, J. I., & Schmidt, H. G. (2011). The role of teachers in facilitating situational interest in an 
active–learning classroom. Teaching and Teacher Education, 27(1), 37–42. 
https://doi.org/10.1016/j.tate.2010.06.025  

Roussel, S., Joulia, D., Tricot, A., & Sweller, J. (2017). Learning subject content through a foreign 
language should not ignore human cognitive architecture: A cognitive load theory approach. 
Learning and Instruction, 52, 69–79. https://doi.org/10.1016/j.learninstruc.2017.04.007 

Schraw, G., & Lehman, S. (2001). Situational interest: A review of the literature and directions for future 
research. Educational Psychology Review, 13(1), 23–52. 
https://doi.org/10.1023/A:1009004801455 

https://doi.org/10.1017/CBO9781139547369.017
https://doi.org/10.1016/j.learninstruc.2014.02.004
https://doi.org/10.1037/0022-0663.92.3.492
https://doi.org/10.1057/s41307-022-00285-x
https://doi.org/10.1007/s10639-024-12823-8
https://doi.org/10.1007/s10639-024-12823-8
https://www.nichd.nih.gov/sites/default/files/publications/pubs/nrp/Documents/ch4-III1.pdf
https://doi.org/10.1207/S15326985EP3801_1
https://doi.org/10.1017/CBO9781139547369.005
https://doi.org/10.1080/10888438.2013.827687
https://doi.org/10.1016/j.learninstruc.2013.02.006
https://doi.org/10.1016/j.tate.2010.06.025
https://doi.org/10.1016/j.learninstruc.2017.04.007
https://doi.org/10.1023/A:1009004801455


Jack Drobisz, Sanghoon Park, Glenn Smith 19 
  

  
  
Schroeder, N. L., & Adesope, O. O. (2014). A systematic review of pedagogical agents’ persona, 

motivation, and cognitive load implications for learners. Journal of Research on Technology in 
Education, 46(3), 229–251. https://doi.org/10.1080/15391523.2014.888265 

Schroeder, N. L., Davis, R. O., & Yang, E. (2025). Designing and learning with pedagogical agents: An 
umbrella review. Journal of Educational Computing Research, 62(8), 1907–1936. 
https://doi.org/10.1177/07356331241288476 

Smith, G. G., Li, M., Drobisz, J., Park, H. R., Kim, D., & Smith, S. D. (2013). Play games or study? 
Computer games in eBooks to learn English vocabulary. Computers & Education, 69, 274–286. 
https://doi.org/10.1016/j.compedu.2013.07.015 

Sweller, J. (1999). Instructional design in technical areas. Australian Council for Educational Research 
Press. 

Sweller, J. (2005). Implications of cognitive load theory for multimedia learning. In R. Mayer (Ed.), The 
Cambridge handbook of multimedia learning (pp.19–30). Cambridge University Press. 
https://doi.org/10.1017/CBO9780511816819.003 

Sweller, J., Van Merrienboer, J. J., & Paas, F. G. (1998). Cognitive architecture and instructional design. 
Educational Psychology Review, 10(3), 251–296. https://doi.org/10.1023/A:1022193728205 

Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive load theory. Springer. 
https://doi.org/10.1007/978–1–4419–8126–4 

Weiner, B. (1990). History of motivational research in education. Journal of Educational Psychology, 
82(4), Article 616. https://doi.org/10.1037/0022–0663.82.4.616 

https://doi.org/10.1080/15391523.2014.888265
https://doi.org/10.1177/07356331241288476
https://doi.org/10.1016/j.compedu.2013.07.015
https://doi.org/10.1017/CBO9780511816819.003
https://doi.org/10.1023/A:1022193728205
https://doi.org/10.1007/978-1-4419-8126-4
https://doi.org/10.1037/0022-0663.82.4.616

