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INTRODUCTION

Varying forms of media representation have been used to study their efficacy in stu-

dents’ learning outcomes. To date, data show that multimedia forms are more effective 

in facilitating learning than a single form representation [1]. Multimedia format can in-

crease the likelihood of information being remembered [2], foster meaningful learning 

[3], and arouse students’ interest [4]. By and large, literature on learning with multi-

modal representations has focused on studying populations of typical learners, that is 

students without learning difficulties [5]. Dallas and Upton [6] suggest that for students 

with learning difficulties, alternative media and technology has even greater potential. 

It helps to reduce the effects of students’ deficits on learning, increase student access to 

information inside and outside the classroom, and decrease their emotional and be-

havioral problems. In order to maximize students’ academic success and motivation, it 

is important to know how students with learning difficulties perform in different learn-

ing conditions. The aim of the current study was to investigate the effect of multimedia 

presentation on the comprehension abilities of students with and without reading defi-

cits. Peebles and Cheng’s [7] three factor model for representational comprehension 

which includes (a) display factor (presentation conditions); (b) person factor (reading 

abilities, age); and (c) task factor (retention and transfer tasks) was used to guide the 
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methodology of this study.  

Display factor: presentation condition
Cognitive Load Theory [8,9], one of the most influential theo-

ries in educational research and design, aims to understand 

how cognitive load influences human learning. It typically ad-

dresses the construct of cognitive load with three types of fac-

tor that provide the foundation for learning: intrinsic, extrinsic, 

and germane load. Intrinsic load is internal to the subject, 

thus, cannot be changed by instructional alternation. It is 

evoked by the complexity of the subject matter being learned. 

An example of intrinsic load is the principles that entail a sub-

ject matter such as how rain is formed. In contrast, extrinsic 

load represents outside influences on learning such as modifi-

cations in instructional design. An example of extrinsic load 

would be the use of multimedia interventions, such as text and 

pictures or narration and picture, in a comprehension task. Fi-

nally, germane load represents influences brought to the task 

by the learner such as the learner’s prior knowledge, efforts, or 

motivation. Extrinsic factors represent the most malleable 

ones in the context of teaching and learning. Moreno [10] 

noted that multimedia instruction provides an excellent ex-

ample of a methodology that can be used to create alternative 

learning environments by manipulating extrinsic load.

Person factor: reading abilities and age
Learning disabilities is the largest classification of disabilities 

[11] and more than 80% of students with learning disabilities 

experience problems in reading [12,13]. Most of these stu-

dents are educated in mainstream classrooms without spe-

cific instructional accommodations, leaving many at high risk 

for failure to succeed [14]. Alternative methods of instruction 

in academic areas that provide these students with more than 

a single modality (e.g., reading) hold potential for facilitating 

learning. The most frequently recommended compensatory 

strategy involves audio recordings of academic materials typi-

cally learned through reading [15]. Students with reading defi-

cits can learn better from audio material than reading mate-

rial because audio material can reduce the extrinsic cognitive 

load, which frees capacity for intrinsic cognitive load (pro-

cessing content) and in turn promotes learning. By compen-

sating for the effect of reading deficits on learning, students 

can access information beyond their reading skill and obtain 

required curricular content. 

With the advance of multimedia technology, text can be ac-

companied by simultaneous narration along with supple-

mentary visual aids (e.g., pictures, animations, maps). How-

ever, there have been a few studies on the effects of multime-

dia on learning for students with reading deficits and most 

studies to date have examined the effect of adding visual rep-

resentations to text on reading comprehension [16]. Berget et 

al. [5] investigated whether the addition of graphics to text en-

hanced performance in search task of students with reading 

deficits. The students performed poorer than typical readers 

when search targets contained text, but the two groups were 

not different in the graphic-only condition. Similarly, Kim and 

Wiseheart [17] found that performance of students with read-

ing deficits was as good as their reading able peers’ perfor-

mance in the graph reading tasks when the graphs did not 

contain words, while their performance was lower when the 

graphs contained words. Holmqvist, Brante, & Nyström [18], 

however, did not find benefits of pictures for students with 

reading deficits. They compared learning of students with and 

without reading deficits in two presentation conditions: text-

only and text+picture. Students with reading deficits per-

formed better in the text-only condition than in the text+ 

picture condition. Even though their learning conditions did 

not focus on aural representation and the results are mixed, 

these previous studies clearly demonstrated that performance 

of students with reading deficits is affected by presentation 

conditions. 

Data on multimedia learning suggests that younger stu-

dents tend to be less purposeful and strategic than adults in 

their comprehension of multimodal messages [19]. Children 

are more likely to view pictures or text as discrete items, in-

stead of integrating the textual and graphical information in 

context, and they are less equipped with learning strategies 

necessary for successful learning with multimedia presenta-

tion. McTigue [20] explored the extent to which six grade stu-

dents comprehend science text with and without pictures. 

The existence of pictured was helpful for children when the 

text described a familiar concept, but not helpful when the 

text addressed less familiar concepts. While McTigue used 

text that was matched to the children’s reading skill level, this 

linguistic modification did not guarantee successful compre-

hension of multimodal text. In fact, the addition of pictures 

may have resulted in added cognitive demands, possibly im-

peding their learning.

Task factor: retention and transfer
Learning outcomes can be assessed with different types of 

tasks or questions. With a few exceptions, research on multi-



118

Clinical Archives of Communication Disorders / Vol. 2, No. 2:116-127 / August 2017

media learning includes at least two different tasks: retention 

and transfer tasks. Retention task is to measure students’ abil-

ity to recall and retrieve relevant information from what they 

have learned while transfer task is to measure students’ ability 

to apply what they have learned to a new situation or a new 

problem. Retention task seems to be easy, however, there are 

variables that raise the difficulty level. For example, proce-

dural knowledge task, that requires students to describe an 

activity in a stepwise manner, often involves temporal order 

and spatial relationships [21]. For example, students can be 

asked to describe how rain is formed in various steps, instead 

of recalling a discrete piece of information. Examination of 

knowledge transfer across problems, settings, or domains is 

one of the most sensitive measures of learning [22]. Learning 

occurs when learners actively engage in cognitive processes 

including paying attention to incoming information, organiz-

ing them into coherent representations, and integrating the 

representations with knowledge [23]. This active learning pro-

cess is underneath problem-solving transfer. There are often 

variations in students’ performance between retention and 

transfer tasks [24]; therefore, we gain a broader insight into 

multimedia learning by having both tasks to study the efficacy 

of multimedia instruction for students with reading deficits. 

The present study
While the use of narration has been shown to facilitate learn-

ing in students with reading deficits, the impact of additional 

combinations of multimedia interventions have not been 

studied in this population. Hence, two experiments were de-

signed to explore the effects of multimedia learning instruc-

tion for students with reading deficits. The first experiment 

was designed to examine the extent to which reading skill and 

age contributed to learning as tested through comprehension 

in a multimedia condition using simultaneous narration+ 

picture representations. The second experiment was designed 

to compare the extent to which reading skill contributed to 

learning as tested through comprehension across three multi-

media formats: narration+picture, narration+picture+text, 

narration-only conditions. 

If narration+picture presentation helps learning of students 

with reading deficits, their performance should be compara-

ble to their reading able peers’ performance. In order to know 

whether addition of pictures to narration would improve or 

rather impede learning for students with reading deficits, in 

the second experiment, we examined how students with and 

without reading deficits performed differently across three 

multimedia instruction conditions: narration+picture, 

narration+picture+text, and narration-only. If pictures are 

helpful, students’ performance in the narration+picture and/

or in the narration+picture+text condition would be superior 

to students’ performance in the narration-only condition. Al-

ternatively, if pictures do not affect learning, students’ perfor-

mance in the three conditions would be similar to each other. 

Methods
Participants

All potential participants were individually assessed to ensure 

that they met the inclusionary criteria for this study. To be in-

cluded in the reading deficits (RD) group, participants must 

have (a) reported a history of reading difficulties beginning in 

childhood and (b) scored at or below one standard deviation 

of the mean on a standardized test of word level reading. To 

be included in the typical reading skills (TR) groups (college 

students or children), participants must have reported an ab-

sence of a developmental history of reading difficulties at any 

time while in school. Their normal reading status was con-

firmed by their average or above average performance on the 

tests administered to the students in the RD group.

Following the screening process, 77 students were selected 

for participation in the study. The final cohorts of participants 

was composed of 30 college students with typical reading skills 

(TR adult group; mean age=22.07), 17 college students identi-

fied with a reading disability (RD group; mean age = 22.82), 

and 30 children with typical developing reading skills (TR 

child group; mean age =10.19). Children in 4-6 grades were 

chosen for the study because at this stage of development, 

they are capable of listening to text and processing its meaning 

[25]. We found no difference in the independent variables (i.e., 

prior knowledge and standardized scores in verbal and visual 

abilities) and the dependent variables between grades (4th, 

5th, and 6th grades) in the TR child group (ps>.05). All partici-

pants were native speakers of English and reported negative 

histories for pervasive cognitive deficits, behavioral distur-

bance, neurological illness, psychiatric illness, hearing impair-

ment, or uncorrected visual impairments (Table 1).

All participants were tested with the following standardized 

measures: Test of Word Reading Efficiency (TOWRE; 26), ver-

bal ability subtest from Woodcock Johnson III Test of Cogni-

tive Abilities (WJ-III-COG; 27), and visual sequential memory 

from Test of Memory and Learning, second edition (TO-

MAL-2; 28). An assessment measure of prior knowledge re-

lated to the experimental task, developed by Moreno and 
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Mayer [29], was given to all participants to determine their 

prior meteorological knowledge. This measure required par-

ticipants to rate each of seven weather-related statements 

(e.g., “I know what a cold front is”) by checking their answer 

on a five-point scale (1 = very low, 5 = very high). 

Subject groups’ scores for each of the measures are shown 

in Table 1. The three groups’ average scores on verbal ability 

and visual sequential memory fell within one standard devia-

tion of the mean score for their respective ages and no differ-

ence was found among the groups’ scores for prior meteoro-

logical knowledge. As expected, however, the participants in 

the RD group had significantly lower mean reading scores 

than both the typically developing adults and children (p <  

0.0001). Furthermore, even though the RD group performed 

within one standard deviation of the mean for verbal ability, 

their mean score was significantly lower than the mean score 

of both the typically developing adults and children (p <  

0.001). This profile of lower verbal ability of RD subjects has 

been reported in literature [30-33]. Thus, we report analysis of 

dependent variable after controlling for participants’ verbal 

ability. 

Experimental materials 

Learning materials and comprehension questions used in the 

present experiment were adapted from Mayer and Johnson 

[34]. These materials included a verbal narration along with 

pictures for teaching students a lesson on the formation of 

lightning. When using the material with adult participants, 

the experiment included a single lesson, comprising 13 power 

point slides containing 15 idea units. Each slide included a 

picture with a concurrent audio clip. The audio clips were re-

corded by a female using Windows® Movie Maker 2001 [35]. 

When using the material with the child participants, the 

same number [15] of idea units, the same number [13] of 

slides, and the same pictures were used, however, the verbal 

explanations were shortened so as to be appropriate for the 

4th-6th grade children. Readability scores were computed us-

ing the Flesch-Kincaid grade-level formula [36]. For the chil-

dren’s material, the readability score was 89.6 (very easy to 

read), which indicates that the text was appropriate for stu-

dents from fourth grade and beyond. For the college students’ 

material, the readability score of the text was 78.5 (fairly easy 

to read), which indicates that the text was appropriate for stu-

dents from 7th grade and beyond. For children, the total les-

son took 85 seconds with an averaging viewing of 7 seconds 

per slide and for the adults, the total lesson lasted 90 seconds 

with an average viewing of 8 seconds per slide. The slides ad-

vanced automatically after the narration was completed.

Prior to the experiment, a pilot study was conducted to test 

the experimental stimuli and procedures. A total of twelve 

students (6 college students and 2 fourth graders, 2 fifth grad-

ers, and 2 six graders) participated in the pilot study. They 

rated a collection of pictures and statements for clarity and 

comprehensibility from 1 (very low) to 5 (very high). Their av-

erage scores were all above 4.0 (average score of 4.6). One 

child reported that she did not know the meaning of ‘droplets’ 

in the sentence, ‘the cloud is composed of ice crystals and 

water droplets.’ Therefore, we changed the water droplets to 

water drops.  

Following the slides, the participants were asked five open-

ended comprehension questions. The first question was a re-

tention question (“Based on the lesson you just listen to, 

please describe how lightning is formed as specifically as pos-

sible”). This was followed by four transfer questions. The 

Table 1. Characteristics of Participants with and without Reading Deficits in Experiment 1

College students 
with RD

College students 
with TR

Children 
with TR

F statistics 
(2, 75) p value

Age (year) 22.82 (6.50) 22.07 (5.47) 10.19 (0.94) 65.51 <0.0001

Prior knowledge questionnaire 
(maximum score=12)

5.82 (1.87) 5.03 (1.92) 4.42 (2.14) 2.72 0.07

TOWRE Total Word Reading Efficiency 
(SS) (average=100)

80.88 (2.84) 100.90 (8.31) 101.51 (14.15) 25.33 <0.0001

WJ-III-COG verbal ability (SS) 
(average=100)

89.88 (9.16) 96.33 (7.71) 107.13 (14.78) 14.93 <0.001

TOMAL-2 Visual Sequential  Memory 
(SS) (average=10)

10.35 (2.69) 11.17 (1.78) 11.16 (2.47) 0.83 0.43

Note. RD, reading deficits; TR, typical reading skills; TOWRE, Test of Word Reading Efficiency; WJ-III-COG, Woodcock Johnson III Test of Cognitive Abilities; 
TOMAL-2, Test of Memory and Learning, second edition; SS, Standard Score.
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questions were “What could you do to decrease the intensity 

of lightning?” “Suppose you see clouds in the sky, but not 

lightning, why not?” “What does air temperature have to do 

with lightning?” “What causes lightning?” In Mayer’s original 

task, students read the questions and wrote down their an-

swers. However, in the current study, given the reading diffi-

culties of the participants in the RD group and the age range 

of younger students in the TR child group, the experimenter 

read the questions to all participants, recorded the answers 

that they provided verbally, and transcribed all answers after 

the experiment was completed.

The maximum score achievable was 15 for the retention 

task and 8 for the transfer task. For the retention task, the 

lightning script was broken into 15 idea units, each unit ex-

pressing one main event (e.g., the air movements created 

electrical charges). For the transfer tasks, the author of the 

original experiment, Mayer, provided a list of acceptable an-

swers and then the first author (Kim) and Mayer discussed 

the possible additional answer lists. One point was awarded 

for each correct answer and the points for each question were 

added to compute the total transfer score (maximum 8 

points). Two independent raters who were not aware of the 

reading group membership of each participant determined 

the retention and transfer scores. Interrater agreements in 

scoring was above .90. For discrepancies, a third rater arbi-

trated and generated a consensus rating. 

Procedure

Participants individually completed tasks in the following or-

der: (a) general background and meteorology prior knowl-

edge questionnaire, (b) verbal ability and reading assessment, 

(c) experimental task, and (d) visual sequential memory as-

sessment. The entire procedure took approximately 45-60 

minutes. For the experimental trial, the experimenter pre-

sented oral instructions, stating that the student would be 

presented with an explanation of how the process of lightning 

works followed by questions based on the material. Partici-

pants were seated in front of a computer showing pages re-

peating the instructions. Then, they were told to wear head-

phones. The audio configuration was checked before each ex-

periment and participants were able to adjust the volume 

control. When they pressed the space bar, the presentation 

began and screens were automatically advanced. When the 

presentation was completed, the experimenter asked five 

questions about the content. No time limit was given to an-

swer the questions. 

Results 
The goal of this experiment was to assess students’ ability to 

retain and transfer knowledge from a multimedia lesson 

(narration+picture) on the formation of lightning by examin-

ing their responses to a series of questions following the les-

son. Data from 77 students (30 college students with TR; 17 

college students with RD; and 30 children with TR) were ana-

lyzed to examine multimedia comprehension using Analyses 

of Covariate (ANCOVAs) with group membership as the inde-

pendent variable. Retention and transfer responses to the 

comprehension questions served as the dependent variables 

and WJ-III-COG verbal ability score was used as a covariate. 

The verbal score was included to ensure that findings were 

not attributable to differences in language ability (see Appen-

dix for detailed information on students with reading deficits). 

For the retention task, mean scores (standard deviation) 

were 7.06 (2.96) for college students with RD, 6.47 (2.20) for col-

lege students with TR, and 6.50 (2.93) for children with TR (see 

Figure 1). Group membership (RD group, TR adult group, TR 

child group) was not significantly related to the retention score, 

F(2, 73)=1.11, p >0.05. Verbal ability, the covariate, was not sig-

nificant, F(1, 73) =2.71, p >0.05. For the transfer task, mean 

scores (standard deviation) were 3.18 (1.42) for college students 

with RD, 3.47 (1.43) for college students with TR, and 2.37 (1.58) 

for children with TR. Group membership was significantly re-

lated to the transfer score, F(2, 73) =6.02, p =0.003, ηp
2 =0.14. 

Bonferroni post hoc tests revealed that typically developing 

children had significantly lower scores than the college stu-

dents with RD, t(73) =-2.48, p =0.04, r =0.35, and college stu-

dents with TR, t(73) =-3.38, p =0.003, r =0.44. Again, verbal 

ability was not significant, F(1, 73)=3.25, p >0.05 (Figure 1).

In summary, college students with RD performed as well as 

their peers with TR when information was presented with 

both pictures and narration. Interestingly, grade school chil-

dren with TR performed as well as the college students with 

and without RD on the retention task, however, their perfor-

mance was lower in the transfer task than the college stu-

dents. Findings from experiment 1 lead to more specific ques-

tions regarding the advantages of narration for students with 

RD. Experiment 2 was conducted to compare the perfor-

mance of college students with and without reading difficul-

1)Due to the unequal sample size, we followed Rosnow, Rosenthal, and Rubin (37) for the effect size calculation. 
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ties in two additional multimedia conditions. 

EXPERIMENT 2

The purpose of Experiment 2 was to determine whether the 

different types of multimedia instruction (narration+picture, 

narration+picture+text, narration-only) would affect learning 

of students with and without reading deficits. 

Method
Participants

For two learning conditions (narration+picture+text and nar-

ration-only), a total of 104 college students (62 with TR and 42 

with RD) were recruited. Six students (three from the TR 

group and three from the RD group) were excluded from 

analyses. Among the remaining 98 students, 47 students (30 

students in TR group and 17 in RD group), participated in the 

narration+picture+text condition and 51 students (29 students 

in TR group and 22 students in RD group) participated in the 

narration-only condition. Data from experiment 2 were com-

pared to data from experiment 1 in which the narration+ 

picture condition was studied (Table 2).

We administered the same test materials that were used in 

Experiment 1 to the Experiment 2 participants and again, the 

two groups (RD and TR groups) did not differ in their age, 

prior knowledge, and visual sequential memory (ps > 0.05) as 

shown in Table 2. As expected, the reading score for the RD 

group was significantly lower than the reading score for the 

typical reading group (p < 0.0001). Comparing the reading 

scores of RD groups in the three learning conditions (narra-

tion+ picture, narration+picture+text, narration-only) yielded 

no differences among the three groups (ps > 0.05). Similar to 

experiment 1, while verbal ability of the subjects in the RD 

group was within the average range, their mean score was sig-

nificantly lower than the score of the TR group. Again, verbal 

ability was used as a covariate. 

Materials and apparatus

The learning materials and comprehension questions for the 

lightning formation were identical to those used in the experi-

ment 1. In the narration-only condition, participants listened 

to the narration in the absence of pictures. In the narration+ 

Figure 1. Mean scores for college students and children on the retention (top) and transfer (bottom) tasks in Experiment 1. Error bars represent standard error 
of the mean. RD, reading deficits; TR, typical reading skills. *p<0.05.
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Table 2. Characteristics of Participants with and without Reading Deficits in Experiment 2

College students with RD 
(N=56)

College students with TR 
(N=89)

F statistics 
(1, 143) p value

Age (year) 21.14 (4.42) 21.67 (5.08) 0.33 0.59

Prior knowledge questionnaire  (maximum score=12) 5.30 (1.77) 5.04 (1.93) 0.33 0.56

TOWRE Total Word Reading Efficiency (SS) 
(average=100)

78.16 (5.26) 98.78 (7.62) 365.09 <0.0001

WJ-III-COG verbal ability (SS) (average=100) 88.20 (11.03) 97.61 (8.98) 28.20 <0.001

TOMAL-2 Visual Sequential  Memory (SS) 
(average=10)

10.00 (2.62) 10.86 (2.40) 3.53 0.06

Note. RD, reading deficits; TR, typical reading skills; TOWRE, Test of Word Reading Efficiency; WJ-III-COG, Woodcock Johnson III Test of Cognitive Abilities; 
TOMAL-2, Test of Memory and Learning, second edition; SS, Standard Score.
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picture+text condition, text and narration contained the iden-

tical words. The presentation time of three learning materials 

(narration+picture, narration+picture+text, narration-only) 

was same for each screen, as screens were automatically ad-

vanced by the computer system. 

Procedure

As in the experiment 1, participants individually completed 

tasks in the following order: (a) general background and me-

teorology prior knowledge questionnaire, (b) verbal ability 

and reading assessment, (c) experimental task, and (d) visual 

sequential memory assessment. The entire procedure took 

approximately 45- 60 minutes.

Results
Data from 145 students (47 in narration+picture, 47 in 

narration+picture+text, 51 in narration-only) were analyzed 

to examine multimedia comprehension using ANCOVAs with 

group membership (TR group and RD group) and learning 

condition (narration+picture, narration+picture+text, narra-

tion-only) as the independent variables, retention and trans-

fer responses to the comprehension questions as the depen-

dent variables, and WJ-III-COG verbal ability score as a co-

variate (Figure 2).

For the retention task, mean scores (standard deviation) for 

students with RD and students with TR were 7.06 (2.96) and 

6.47 (2.20) in the narration+picture condition, 6.00 (2.75) and 

6.63 (2.79) in the narration+picture+text condition, and 3.91 

(2.94) and 6.66 (2.93) in the narration-only condition, as 

shown in Figure 2. Group membership (RD or TR group) was 

not significantly related to the retention score, F(1, 138) = 0.43, 

p > 0.05; however, the learning condition was significantly re-

lated to the retention score, F(2, 138) = 4.62, p = 0.01, ηp
2 = 0.05. 

A mean score in the narration-only condition was signifi-

cantly lower than a mean score in the narration+picture con-

dition t(138) = -1.58, p = 0.01. A significant interaction was 

found for group membership and learning condition, F(2, 

138) = 4.05, p = 0.02, ηp
2 = 0.06. Bonferroni post hoc tests re-

vealed that scores for the RD group were significantly lower 

than scores for the TR group in the narration-only condition, 

t(138) = -2.61, p = 0.01, r = 0.22. In contrast, the two groups did 

not differ in their performance in the narration+picture or 

narration+picture+text conditions, ps > 0.05. Furthermore, the 

RD group’s score in the narration-only condition was signifi-

cantly lower than the RD group’s score in the narration+ 

    picture condition, t(138) = -3.63, p = 0.001, r = 0.30, and in the 

narration+picture+text condition, t(138) = -2.66, p = 0.02, 

r = 0.22. Verbal ability, the covariate, was significantly related 

to the retention task performance, F(1, 138) = 7.88, p = 0.006, 

ηp
2 = 0.05.

For the transfer task, mean scores (standard deviation) for 

students with RD and TR were 3.18 (1.42) and 3.47 (1.42) in 

the narration+picture condition, 3.00 (1.36) and 3.53 (2.16) in 

the narration+picture+text condition, and 1.95 (1.32) and 3.48 

(1.73) in the narration-only condition. Neither the group 

membership nor the learning condition significantly related 

to the transfer task performance, F(1, 138) = 1.31, p > 0.05 for 

group membership and F(2, 138) = 2.85, p > 0.05 for learning 

condition. Verbal ability was significantly related to the trans-

fer task performance, F(1, 138) = 12.05, p = 0.001, ηp
2 = 0.08.

In summary, students with RD performed as well as their 

peers with typical reading skills when information was pre-

sented in the narration+picture and narration+picture+text 

formats. By contrast, students with RD performed poorer than 

their peers when information was presented in the narration-

only format. The group difference was largest in the retention 

Figure 2. Mean scores for college students with and without reading deficits on the retention (top) and transfer (bottom) tasks in Experiment 2. Error bars rep-
resent standard error of the mean. RD, reading deficits; TR, typical reading skills. *p<0.05.
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task. 

DISCUSSION

The purpose of this study was to investigate how multimedia 

affect learning of students with and without reading deficits. 

Specifically, in the first experiment, we compared compre-

hension performance of college students with reading deficits 

to that of college students and younger children with typical 

reading skills in studying the effects of age and reading deficits 

on learning information presented in an narration+picture 

condition. In the second experiment in which only college 

students were studied, the learning conditions involved three 

presentation formats: narration+picture, narration+picture+ 

text, and narration-only. To measure students’ comprehen-

sion, the students’ abilities to both recall and transfer knowl-

edge from the task were examined. 

The experiments led to the three key results. Firstly, college 

students with reading deficits performed as well as their peers 

when instruction included a narration+picture presentation. 

This finding is consistent with the previous studies showing 

that alternative learning methods can improve performance 

of students who have academic difficulties [38-40]. Secondly, 

children with typical reading skills recalled the same amount 

of information as college students, however, they were less 

skillful in applying or transforming their knowledge to solve 

new problems. Thirdly, comprehension of college students 

with reading deficits was affected by learning conditions. As 

stated in the first finding, their performance was comparable 

to their reading able peers’ in the narration+picture setting. 

Findings from the second experiment revealed that students 

with reading deficits showed significantly lower performance 

than their peers when information was presented in the nar-

ration-only condition. In contrast, their performance was as 

good as typical readers’ performance in the narration+picture 

and narration+picture+text learning conditions.     

Theoretical implications
Multimedia effect of learning refers to enhanced learning 

when we use more than one concurrent modality for informa-

tion presentation [41]. In this study, we investigated the im-

pact of multimedia learning by comparing students’ perfor-

mance in the narration+picture and narration-only condi-

tions. While the previous studies mainly identified the facilita-

tive effect of multimedia instruction in students without 

learning difficulties [42,43], this study expanded this line of re-

search to investigate the same question with students who 

have reading deficits. Data from this study showing that stu-

dents’ learning increased when pictures were added to narra-

tion is consistent with Mayer’s [44] cognitive theory of multi-

media learning in which he posits that learning through si-

multaneous visual and verbal channels strengthens cognitive 

associations for acquiring knowledge. Similarly, Morett, 

Clegg, Blalock, and Mong [45] studied multimedia effects on 

map learning and navigation. College students recalled more 

driving routes and navigated turns more accurately to reach 

the destination when oral narrative directions and visual 

maps were presented concurrently than when one modality 

was presented alone. 

In addressing the advantages of cross-modal input, it ap-

pears that pictures compensate for the transiency of auditory 

information. Auditory information is transient in nature and 

disappears quickly, leaving little time for information process-

ing. The simultaneous presentation with narration and pic-

tures may serve to quickly direct students to the visual presen-

tations while the concepts, that are associated with the visu-

als, are being described in narration. Meaningful and interac-

tive pictures aid in visualizing the physical appearance of enti-

ties. This is particularly helpful for instruction in science 

knowledge and medical concepts that are often unfamiliar to 

people and contain abstract and complex concepts and 

words. In fact, Houts, Doak, Doak, and Loscalzo [46] reviewed 

the role of pictures in health education and found that pic-

tures facilitate the comprehension of medical information 

presented verbally. Furthermore, students tend to report au-

dio-visual presentations as more enjoyable and interesting 

[47]. They prefer stories with pictures to ones without pictures. 

When asking students with reading disabilities about their 

preferred learning style, Beacham and Alty [48] found that the 

majority (97%) of students preferred a visual-verbal form 

(diagram+verbal presentation) to a verbal-only form. How-

ever, as noted by Houtes et al. [46] and Massa and Mayer [49], 

picture preference is affected by cultural factors and picture 

characteristics as well as personal characteristics and does 

not necessarily lead to better performance. Therefore, further 

investigation is needed to connect the cognitive learning 

styles to performance improvement for students with deficits. 

In contrast to the students with reading deficits, the supe-

rior performance on the narration+picture condition over the 

narration-only condition was not observed in the students 

with typical reading skills. Their performance was similar 

across the three conditions, unlike the students with reading 
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deficits. This data suggest that the auditory information in the 

current study may not be challenging to the students with 

typical reading skills. The transiency of auditory information 

is particularly problematic when verbal information is difficult 

[50]. Carney and Levin [47] found that the more complex the 

text, the more likely the students benefit from concurrent pic-

tures. In addition to the difficulty level of the text, function of 

picture can be the reason. In the current study, pictures did 

not contain novel information but instead depicted key con-

cepts described in text. Thus, it was not necessary to under-

stand pictures to answer the comprehension questions. 

Leahy, Chandler, and Sweller [51] compared students’ com-

prehension in two conditions, when audio and visual material 

provided different information and when audio and visual 

material provided redundant information. When the informa-

tion from the two media was different, multimedia format 

(audio+video) was beneficial. In contrast, when the informa-

tion was redundant, multimedia format did not help students’ 

comprehension. 

Practical implications
One of the most frequently recommended accommodations 

for students with reading deficits consists of using audiobooks 

[52]. This is a common recommendation in this age of tech-

nology when audio versions of text is readily available (e.g., 

text-to-speech software and reading pens). Indeed, the use of 

audio materials can be powerful since students with reading 

deficits have the opportunity not only to build required con-

tent knowledge, vocabulary, and comprehension but also to 

learn plot structures, themes, and textual cohesion, by remov-

ing the restraints of decoding skills [53]. Based on findings 

from this study, however, the provision of audio material 

alone does not necessarily facilitate novel knowledge in stu-

dents with reading deficits. This implies that without teaching 

appropriate learning strategies, use of audio materials may 

not result in the expected outcome. 

An interesting study by Kombartzky, Ploetzner, Schlag, and 

Metz [54] gives us insight into how to teach learning strategies 

in multimedia environments. They compared three groups’ 

learning from multimedia materials. The first group learned 

from material without strategy, the second group learned 

from material with strategies (using a worksheet to summa-

rize content during and after listening to narration) but use of 

the strategies was not monitored. The third group learned 

from material with strategies and their strategy use was moni-

tored. Both the second and third group learned significantly 

more than the first group, but learning was most successful 

when the use of strategies was monitored. The researchers ex-

plained that at first, using instructional strategies can be de-

manding and might even temporarily impede learning. 

Therefore, students may not voluntarily use the strategies. 

Until the learned strategies become internalized, students 

need to be closely monitored and encouraged. This explana-

tion might account for the reason that Boyle et al. [15] did not 

find differences in the performance of  a group learning from 

audio textbooks alone and a group learning from audio text-

book combined with a complementary strategy (using work-

sheet to take notes about important information). The authors 

speculated that the strategies demanded a great deal of men-

tal effort because students did not have any previous training 

in using learning strategies and correspondingly, they had dif-

ficulty synthesizing the relevant information of paragraphs 

into the worksheet. Further studies are needed to explore how 

students are interacting with the learning strategies for audio 

material, particularly for students in secondary and post-sec-

ondary educational settings given the dearth of research with 

older students [53]. 

Limitations and future direction
Although this study found that learning of postsecondary stu-

dents with reading deficits is affected by multimedia instruc-

tion that included narration, there are a few limitations that 

are worth noting and more work is needed in conceptualizing 

and measuring the effects of multimedia learning for students 

with reading deficits. First, this study adopted system-paced 

multimedia presentations. Students neither controlled the 

speed of presentation nor repeated the presentation. An im-

portant next step is to test how students with reading deficits 

will perform on multimedia instruction in learner-paced mul-

timedia presentations. Van den Broek, Segers, and Verhoeven 

[55] pointed out the possibility of differences in learners’ per-

formance on the system-paced versus learner-paced learning 

instruction. Next, even though our participants were not offi-

cially diagnosed with attention deficits, their attention or 

memory span might still affect their performance, especially 

in the narration-only condition. Further research should em-

ploy direct measures of specific cognitive abilities including 

attention and memory. Finally, as noted above, pictures of 

this study have a limited function, describing the key ele-

ments of statements verbally provided. It will be interesting to 

study how students with reading deficits perform when visual 

and verbal multimedia material are representing different in-
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formation. In this regard, a systematic classification of rela-

tionships between images and words, as noted by Kong [56], 

could serve as guide for developing subtypes of pictorial im-

ages for use in multimedia materials. 

CONCLUSION

It is a misunderstanding that technology can unconditionally 

improve learning of students. An excessive dependence on 

new technology raises the risk of malfunction in teaching, 

learning, and student success. To prevent this result, the choice 

of multimedia and instructional methods should be grounded 

in theoretically-developing and empirically-testing models 

[57,58]. The work presented here demonstrated that students 

with reading deficits can benefit from multiple forms of infor-

mation representation, particularly when pictures combined 

with verbal information. Across two experiments, our results 

consistently demonstrate that students with reading deficits 

learn through multiple external representations as well as 

their peers without reading deficits. In addition, our study in-

dicated that just providing audio material does not necessarily 

improve performance of students with reading deficits. Spo-

ken verbal information is an important tool in instruction for 

both traditional and high-tech, computer-based learning en-

vironment. The present study shows that multimedia ap-

proach assisting spoken information has a great potential for 

academic success of students with reading deficits. 
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Appendix. Characteristics of students with reading deficits in Experiment 1 

Narration+picture condition

Age 
(year)

TOWRE 
reading 
score

Prior 
knowledge 

questionnaire

Verbal 
ability 

Visual 
sequential 
memory

Student with RD 1 27 79 5   94 11

Student with RD 2 21 80 7 100 10

Student with RD 3 24 83 5   87 11

Student with RD 4 19 82 2   90 11

Student with RD 5 20 81 7   87 15

Student with RD 6 19 79 8   69 15

Student with RD 7 21 81 4 105 13

Student with RD 8 22 73 8 105 11

Student with RD 9 19 83 5   85 12

Student with RD 10 30 83 9   80   9

Student with RD 11 45 78 8   88 10

Student with RD 12 19 78 7   87   5

Student with RD 13 18 83 4   84   8

Student with RD 14 20 84 5   83 11

Student with RD 15 19 83 5   99   8

Student with RD 16 21 81 6   92   6

Student with RD 17 24 84 4   93 10

Narration+picture+text condition

Age 
(year)

TOWRE 
reading 
score

Prior 
knowledge 

questionnaire

Verbal 
ability 

Visual 
sequential 
memory

Student with RD 1 26 79 4   57   6

Student with RD 2 19 78 3   86 13

Student with RD 3 19 79 3   86   5

Student with RD 4 18 84 7 115 10

Student with RD 5 18 77 4   86   9

Student with RD 6 19 69 8   58 14

Student with RD 7 22 63 4   87   9

Student with RD 8 21 80 4   96 10

Student with RD 9 19 77 4   72   8

Student with RD 10 22 69 3   86 15

Student with RD 11 19 81 6   78 12

Student with RD 12 20 82 5   87 10

Student with RD 13 19 69 5   94 11

Student with RD 14 22 80 9   90   7

Student with RD 15 20 81 7   95   9

Student with RD 16 20 82 4   94   9

Student with RD 17 20 78 6   95 10

Narration-only group 

Age 
(year)

TOWRE 
reading 
score

Prior 
knowledge 

questionnaire

Verbal 
ability 

Visual 
sequential 
memory

Student with RD 1 20 72 3   69   7

Student with RD 2 22 69 4   94   8

Student with RD 3 20 80 6 115 12

Student with RD 4 18 83 6   96 11

Student with RD 5 18 81 5   75 12

Student with RD 6 23 69 4   99 12

Student with RD 7 22 83 7   90   7

Student with RD 8 30 68 8   82 9  

Student with RD 9 20 82 4   92 13

Student with RD 10 19 75 3   90 13

Student with RD 11 18 78 3   95   8

Student with RD 12 19 81 2   80 13

Student with RD 13 20 81 6   94   7

Student with RD 14 23 74 5   94 12

Student with RD 15 25 81 8   84 11

Student with RD 16 20 84 7   98 13

Student with RD 17 19 80 5   86   8

Student with RD 18 19 84 5   92 11

Student with RD 19 20 70 7   76 11

Student with RD 20 20 77 4   83   5

Student with RD 21 18 74 5   83   9

Student with RD 22 20 68 5   82   5

Note. Verbal ability score was measured using WJ-III-COG (Woodcock 
Johnson III Test of Cognitive Abilities); Visual sequential memory was 
measured using TOMAL-2 (Test of Memory and Learning, second edition).
RD, reading deficits; TOWRE, test of word reading efficiency.

(Continued to the next)
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