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Purpose: The prevalence of multimedia technology in the current educational settings has
increased the need for investigating how individual differences such as reading difficulties
moderate multimedia learning. Given that instructional designs closely interact with task
characteristics and requirements, we aimed to explore how students with reading difficulties
perform various types of learning tasks within the context of multimedia instruction.
Methods: College students with and without reading difficulties viewed a multimedia lesson
on stem cell research while their eye movements were recorded. After viewing the multimedia slides, students completed four tasks pertaining to the content provided in the lesson.
Results: Students with reading difficulties performed poorer than their peers on the procedural task while the groups’ performance did not differ on definitional, infographic, and argumentative tasks. Further, there was no difference in the eye fixation counts and gaze duration between the two groups.
Conclusions: Our findings underscore the importance of an awareness that the types of
tasks used to assess students’ knowledge may impact their performance. Information of this
nature may be useful in determining optimal learning experiences for students with learning
difficulties.
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INTRODUCTION
Multimedia presentations, particularly when text is accompanied by images, have been
proven to lead to better learning outcomes than single media presentations across age
groups including children [1], college students [2], and older adults [3]. Mayer’s cognitive theory of multimedia learning [4,5] addressed multimedia effects by positing that
when text and images are presented together, learners actively organize and integrate
verbal and visual information thereby increasing learning efficiency. In the present
study, one of the widely used types of multimedia, written text and images [6], was used
to explore the relationship between task characteristics and reading abilities.
It is a commonly held assumption that multimedia materials aid learning of students
with reading difficulties [7], yet only recently have studies empirically demonstrated
that multimedia instruction is more beneficial than single media instruction for students who have reading difficulties. Wang et al. [8] examined how college students with
specific reading disabilities performed in multimedia (text and picture) vs. single media (text-only) conditions and found that students answered comprehension questions

67

Correspondence:
Sunjung Kim Thao
University of Central Arkansas, Box 4985
201 Donaghey Ave., Conway, United
States
Tel: +501-852-0850
Fax: +501-450-5474
E-mail: skim@uca.edu

© 2022 The Korean Association of SpeechLanguage Pathologists
This is an Open Access article distributed under the
terms of the Creative Commons Attribution NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Clinical Archives of Communication Disorders / Vol. 7, No. 2:67-77 / August 2022

more accurately in the multimedia condition than in the single media condition. Similarly, Kim and Lombardino [9] reported that college students with reading deficits benefitted
more from multimedia (narration-picture) than single media
(narration-only) instruction. In another study, Knoop-van
Campen and colleagues [10] compared the performance of
students with and without specific reading difficulties in two
multimedia conditions (i.e., text and picture vs. text and picture with audio) and reported that quality of learning and
learning efficiency were higher in the text and picture condition than in the text and picture with audio condition across
the two groups, showing that the addition of redundant audio
to text media did not improve learning for students with reading difficulties. Collectively, for students with reading difficulties, multimedia presentations, particularly, when two types
of modalities (i.e., words and pictures) are combined, have
been shown to facilitate learning.
Furthermore, recent research in multimedia instruction
suggests that multimedia effects on learning are moderated
by the types of tasks used. For example, van Genuchten and
colleagues [11] showed that multimedia presentations were
more beneficial for procedural (i.e., depicting procedural
steps of a method or a technique) than for conceptual (i.e.,
describing features of an object or an event) or causal (i.e., explaining the cause-and-effect chain of events) learning tasks
and emphasized that without considering types of tasks, incorrect conclusions may be drawn regarding the benefits of
multimedia presentations. Chiu and Churchill [12] found that
multimedia instruction increased performance of secondary
level students on algebraic graphical representation and concept association tasks but was less effective in algebraic tasks
requiring analysis and reasoning. Taken together, research
suggests that multimedia presentations have differential effects on learning which are moderated by task types and characteristics. However, previous research on the task types in
multimedia learning has mostly focused on mathematical
learning or has been limited to the learners without learning
difficulties. The aim of this study was to extend this line of research to explore how different tasks characteristics (i.e., types
of tasks used to assess learning) moderate performance of
students with reading difficulties when they are instructed in
multimedia learning environments.
For students with reading difficulties, the effect of task type
has been studied mainly in a single media (i.e., text) condition. Cain and Oakhill [13] and Oakhill and colleagues [14] reported that students with reading difficulties performed com-

parably to their peers with typical reading skills on comprehension questions seeking literal information from text, but
experienced difficulty with inference-making questions. They
concluded that poor readers are less likely than their peers to
integrate information within and across texts to solve inference-making questions. Similarly, Nicolielo-Carrilho and colleagues [15] reported that students with learning disabilities
performed worse on the inferential questions than on the literal questions when compared to peers without learning difficulties. These studies provided insights into the relationship
between task types and reading difficulties; however, they
have been limited to the use of binary formats for comparing
responses to questions (i.e., literal vs. inferential questions;
retention vs. transfer questions).
By measuring their eye gaze patterns while reading, investigators have compared the performance of students with typical reading abilities with those who have reading difficulties
on their responses to various tasks. To date, studies show that
students with reading difficulties tend to have longer and
more numerous eye fixations on words during reading compared to their peers without reading difficulties [16]. Furthermore, investigators have begun to explore how eye gaze patterns compare for students with and without reading difficulties in multimedia learning environments. Olander and colleagues [17] compared viewing patterns of students with and
without reading disabilities when pictures were added to text.
Students with reading disabilities had more total eye fixations
on the entire stimuli and fewer eye fixations on picture areas
than those without reading disabilities. On the other hand,
Jian [18] found no difference in eye movements patterns of
students with high and low reading ability when comparing
fixations durations, proportion of total fixation durations, and
number of saccades between text and pictures on illustrated
science texts. These divergent findings underscore the need
for more comparative studies on eye gaze patterns of students
with high and low reading ability when reading multimedia
texts [19].
Our goal was to design an integrative study to compare the
effects of multimedia instruction in college students with and
without reading difficulties, using varying types of tasks to assess knowledge. In doing so, we applied Bloom’s [20] learning
process taxonomy for assessing four types of knowledge - remembering, understanding, applying, and evaluating - to explore students’ responses to four tasks - definitional, infographic, procedural, and argumentative tasks. Definitional
tasks are designed to elicit students’ recall of basic facts and
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knowledge. Infographic and procedural tasks to assess students’ ability to understand and interpret on information.
While infographic tasks target quantitative and graphic information, procedural tasks target qualitative information. Finally, argumentative tasks assess students’ application and
evaluation of information.
The present study addressed the following experimental
questions: (1) Do different task types (i.e., definitional, infographic, procedural, and argumentative tasks), used within
the context of multimedia instruction, moderate learning outcomes of students with reading difficulties compared to peers
with typical reading skills? and (2) Do the eye gaze patterns
differ between groups when viewing slides related to the four
tasks? Based on the previous studies showing that less skilled
readers have difficulty building connections between information across texts and that their performance decreases as
task demands increase [21,22], we expected that students with
reading difficulties would perform less accurately and exhibit
more eye fixations and longer eye gaze durations when answering more complex tasks (procedural and argumentative
tasks).

through advertising on university websites and announcements in classes. Students who reported a history of reading
problems beginning in childhood were administered the Test
of Word Reading Efficiency [23] to document their reading
difficulties. Students with TR were recruited through the university research participation website and administered the
Test of Word Reading Efficiency [23] to document reading
abilities within the expected range. As shown in Table 1 below, while the two groups did not differ in age, education,
prior knowledge, visual memory, learning style preference,
and topic interest (ps > 0.01), they differed significantly in
word-level reading ability (M = 78.32, SD = 4.80 for the RD
group and M = 106.30, SD = 4.70 for the TR group; p < 0.001).

Experimental measures
Pre- and post-experimental questionnaire

Prior to the multimedia experiment, students completed a
pre-experimental questionnaire about their prior knowledge
and experience with stem cell research (e.g., “Rate your
knowledge of stem cell,” “Are you regularly reading science
journals or magazines?”). Each question was answered using
a five-point Likert scale ranging from very low (1) to very high
(5). The maximum score was 20. Additionally, after completing the multimedia learning task, students completed a postexperimental questionnaire about their learning style preference (e.g., “I prefer to learn visually”) and topic interest (e.g.,
“Please rate how appealing this lesson was for you”). Each
question was answered using a five-point Likert scale ranging
from very low/strongly disagree (1) to very high/strongly
agree (5). Maximum score was 10 for learning style preference
and 30 for topic interest. Students’ responses from the preand post-experimental questionnaires were used to assess
whether there was any difference in the prior knowledge and/

METHODS
Participants
Sixty-seven college students, including 24 students with reading difficulties (RD) and 43 students with typical reading skills
(TR), were selected for participation in the study. Data from
two students in the RD group and three students in the TR
group were excluded from the study due to incomplete profiles or technical problems during data collection, leaving a
total of 62 students (22 students with RD and 40 students with
TR) in the final sample. Students with RD were recruited

Table 1. Descriptive characteristics of students with and without reading difficulties
RD group M (SD)
(N = 22)

TR group M (SD)
(N = 40)

F statistics
(1, 58)

p value

19.82 (1.36)

20.95 (2.22)

1.85

0.17

Education (years post high school)

2.13 (1.08)

2.22 (1.11)

0.08

0.77

Prior knowledge questionnaire (maximum score = 20)

7.64 (2.25)

7.08 (2.69)

0.68

0.41

78.32 (4.80)

106.30 (4.70)

496.96

8.64 (3.36)

9.78 (2.33)

2.45

0.12

6.4 (1.3)

6.6 (1.4)

0.26

0.61

20.2 (2.9)

19.1 (3.6)

1.4

0.24

Age (yr)

TOWRE phonemic decoding efficiency (SS) (average = 100)
TOMAL-2 visual sequential memory (SS) (average = 10)
Learning style preference (maximum score = 10)
Topic interest (maximum score = 30)

< 0.001

RD, reading difficulties; TR, typical reading skills; M, mean; SD, standard deviation; TOWRE, Test of Word Reading Efficiency; TOMAL-2, Test of Memory and
Learning, second edition; SS, standardized score.
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or interest in the topic between the two reading groups.

the gaze point tracking accuracy of 0.45˚ throughout the operational head range. A minimum fixation duration was 100 ms
and a spatial dispersion threshold was 1.5˚. Each student was
placed at a viewing distance of 23.62 inches (60 cm) in front of
a 24-inch (61 cm) light-emitting diode (LED) monitor with
resolution set to 1,920 × 1,080 pixels. The R software [26] within
the Rstudio environment [27] and SPSS version for 25.0 for
windows [28] were used for behavioral data analysis and the
NYAN 2.0 software from Interactive Minds Eyetracking Solutions for eye data analysis.

Experimental stimuli
The multimedia learning material consisted of 26 PowerPoint
slides describing a stem cell. Each slide contained one to five
sentences with a picture below text. The text provided a definition of a stem cell, a description of stem cell development, a
discussion of the pros and cons of stem cell research, and infographics regarding people’s opinions on stem cell research
(see Figure 1). The text contained a total of 695 words. The
Flesch Reading Ease score [24] of the text, one of the most
widely used and validated measures of text readability [25],
was 62.8. A score of 60-69 corresponds to a high school level
of ‘standard’ written text. The text was presented in PowerPoint slides using a 36-point Calibri font. Images presented in
511 × 347 pixels were excerpted from the stem cell education
outreach program at the California Stem Cell Education Initiative.

Experimental procedures
The students individually took part in the experiment for one
to one and a half hours. After completing the informed consent process, students completed the pre-experimental questionnaire, a reading test, and a visual memory test. Prior to
viewing the multimedia stem cell lesson slides, students were
shown four tasks (definitional, infographic, procedural, and
argumentative tasks) that pertained to the information shown
on the stem cell lesson slide presentation. This was done to
familiarize students with the content that they were expected
to address after reading the stem cell lesson. Students were
told that they could advance the slides at their own pace by
pressing the spacebar key to move to the next slide, however,

Eye gaze tracking apparatus
As students viewed the multimedia learning slides on the
computer screen, their eye gaze was recorded using an LC
Technologies head-free Eyegaze EDGE® EyeFollower binocular system 2.0 with the gaze point sampling rate of 120 Hz and

A

B

C

D

Figure 1. Slide examples used for the experiment. (A) definitional section slide example. (B) infographic section slide example. (C) procedural section slide example. (D) argumentative section slide example.
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making four identical cells” received one point. Correct temporal order without contiguity was accepted; for example, students who wrote step 3 and step 5 without step 4 received two
points (points for steps 3 and 5). Incorrect temporal order was
not accepted; for example, students who wrote step 1, step 3,
step 2, and step 4 received three points (points for steps 1, 3,
and 4). For the argumentative task (maximum eight points),
one point was awarded if a claim was introduced, a maximum
of three points were awarded if the claim was supported by
evidence (i.e., number of evidence), a maximum three points
were awarded if opposing argument and evidence were addressed (i.e., number of evidence), and one point was awarded
if the student’s claim refuted opposing argument.

they were not able to return to the previous slides.
After viewing the multimedia slides, students answered four
written questions with no time limit. The four questions were
presented on the same page and the participants were able to
decide the order of questions they answered. They typed their
answers under each question in a word processor and were
instructed to answer all questions with complete sentences.
The first question asked students to define a stem cell (“What
is a stem cell?”). The second question asked them to interpret
an infographic regarding how people in U.S. view stem cell research (“Based on the infographic in the slide you just viewed,
what do Americans think about the embryonic stem cell research?”). The third question asked them to describe the steps
of stem cell development (“Eight steps of stem development
were described in the slides. Describe the steps of stem cell
development as specific as possible. Do your best and type
all that you do remember.”). The fourth question asked students to express their opinion about stem cell research (“State
your opinion on stem cell research. Do we need to continue
the stem cell research? Your opinion should be supported by
the evidence included in the slides. Your statements should
include both the pros and cons of stem cell research. You
want to state why pros (or cons) compensate cons (or
pros).”). Finally, students completed a post-experimental
questionnaire.

RESULTS
Learning outcomes
Before comparing contents of writing between the two reading groups, the amount of writing and writing mechanics and
grammar were assessed. The two reading groups were not
significantly different in the quantity of writing across (ps >
0.01). However, for the writing mechanics and grammar, RD
group had a significantly lower score than the TR group
(p = 0.007). Because these were not included in our research
question, we did not further analyze the difference. Descriptive information is presented in Appendix 1.
Table 2 shows a group comparison of the learning outcomes for each of the four tasks. Due to a non-normally distributed data set, the Wilcoxon rank-sum test was used where
reading group served as the independent variable and scores
in the definitional, infographic, procedural, and argumentative tasks served as the dependent variables. Due to the small
sample size and non-normal distribution of data, p values less
than 0.01 were considered statistically significant [29]. For the
definitional task, the two reading groups were not significantly
different, p = 0.04. Similarly, for the infographic task, there was
no significant difference between the two groups, p = 0.03. On
the contrary, the RD group had significantly lower scores on
the procedural task than the TR group, p = 0.001, r = 0.40
(moderate to strong effect). On the argumentative task, the
two groups did not significantly differ, p = 0.06.

Scoring procedures
Two raters, blind to the goal of the study, independently determined the experiment scores for each participant. Interrater reliability exceeded 90% and discrepancies in ratings
were arbitrated by an independent third rater. For the definitional task (maximum two points), students’ answer was divided into two units (‘a cell has the ability to divide’ and
‘various kinds of cell tissues’) with one point for each unit.
For the infographic task (maximum two points), the answer
was divided into two units (‘58% of people who responded to
the survey favored the stem cell research’ and ‘29% of people
were opposed’) with one point for each unit. A correct answer
without the correct number information (i.e., 58% and 29%)
attained 0.5 point, instead of one full point.
For the procedural task (maximum eight points), one point
was awarded for the description of each of the eight steps in
the procedure of the stem cell development. A point was given
for the correct answers worded similarly to the text. For example, a student’s answer “both of those cells split making four
cells that are all same” for “each of those two cells divided,

Eye gaze analysis
We analyzed total fixation count (sum of the number of fixations within an area of interest) and total gaze duration (sum
of the durations of fixations within an area of interest, in sec-
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Table 2. Comparison of learning outcomes in students with and without reading difficulties
RD group
Definitional task

Median

(maximum score = 2.0)
Infographic task

Mean rank
Median

(maximum score = 2.0)
Procedural task

Mean rank
Median

(maximum score = 8.0)
Argumentative task

Mean rank
Median

(maximum score = 8.0)

Mean rank

TR group

1.00

1.00

25.52

34.79

1.00

1.00

25.23

34.95

3.25

4.50

21.95

36.75

4.00

4.00

30.00

32.33

Wilcoxon
W statistics

Z value

561.50

2.04

0.04

555.00

2.20

0.03

483.00

3.11

0.001**

660.00

2.67

0.62

p value

RD, reading difficulties; TR, typical reading skills.
**p < .01.
Table 3. Comparison of total fixation count and total gaze durations (in seconds) on screen in students with and without reading difficulties
Picture

Text

MANOVA

RD group

TR group

RD group

TR group

M (SD)

M (SD)

M (SD)

Fixation count

1.45 (2.16)

1.67 (1.83)

Gaze duration

0.33 (0.54)

0.50 (0.74)

Fixation count

43.55 (17.98)

46.02 (24.77)

Gaze duration

10.64 (4.71)

10.17 (4.88)

Fixation count

2.29 (1.16)

2.56 (2.00)

Gaze duration

0.66 (0.38)

0.78 (0.71)

Argumentative screen Fixation count

1.54 (0.96)

Gaze duration

0.50 (0.37)

Definition screen
Infographic screen
Procedural screena
a

p value

M (SD)

F statistics
(2, 57)

60.40 (30.14)

46.00 (21.58)

3.81

0.03

13.82 (7.73)

10.16 (5.19)

4.48

0.02

10.85 (5.85)

10.42 (6.16)

0.13

0.87

2.06 (1.41)

2.05 (1.47)

0.06

0.94

44.83 (13.94)

45.64 (12.40)

0.15

0.85

10.94 (4.33)

10.42 (3.66)

0.63

0.53

1.34 (1.61)

66.25 (18.13)

65.44 (22.09)

0.14

0.86

0.44 (0.56)

19.19 (6.44)

17.45 (6.62)

0.49

0.61

RD, reading difficulties; TR, typical reading skills; M, mean; SD, standard deviation.
a
For procedure and argumentative screens, average fixation counts and mean durations per screen were presented.

onds), obtained from the experiment slides. Eye data from
two students in the RD group were excluded due to the technical problems with the eye tracking device for more than half
of the screens. Data from the remaining 20 students in the RD
group and 40 students in the TR group were used for the data
analysis.
For the definitional and the infographic tasks, the fixation
count and the gaze duration from one slide (see Figure 1) related to each task was presented in the Table 3. For the procedural task, the average count and duration data from nine
slides were calculated. For the argumentative task, the average count and duration data from six slides were calculated.
Each slide was segmented into two subregions (i.e., text area
and picture area). Multivariate analyses of variance (MANOVAs) were conducted with the reading group as the independent variable and the total fixation count and the total gaze

duration on the text and the picture subareas as the dependent variables. Assumptions of homogeneity of covariance
matrices and homogeneity of error variances were tested before conducting MANOVAs. Box’s M tests [30] and Levene’s
tests [31] indicated that the two assumptions were not violated
in all data except the data from the procedural task related
slides. Therefore, we reported the conservative Pilla’s trace
statistics for multivariate F-value and used a more conservative alpha level of 0.01. As presented in Table 3, the two groups
did not show any significant differences in eye gaze patterns
on the slides related to the four tasks (ps > 0.01).

DISCUSSION
In the current study, we were interested in determining how
different types of tasks moderate the learning accuracy and
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eye gaze patterns in students with and without reading difficulties within the context of multimedia instruction. Students
with reading difficulties performed significantly less accurately than their typical reading peers on a task requiring procedural knowledge. In contrast, no difference in eye fixations
or gaze duration for either the text or the picture areas was
found between the two groups.
The learning outcomes moderated by task type for students
with reading difficulties are in line with previous studies
showing that task types and requirements differentially affect
performance of less skilled readers [15,21]. Explanation for
the less accurate performance of students with reading difficulties for the procedural task may be associated with working
memory overload. Previous research has shown that students
with reading difficulties experience problems with working
memory [32,33]. Specifically, Hachmann et al. [34] compared
performance of students with and without specific learning
disabilities on various memory tasks and found that students
with specific learning disabilities performed comparably to
their peers on an individual item recall task but worse than
their peers on a serial order recall task. Similarly, in our study,
compared to the definitional or infographic tasks for which
students needed to process the information on a single slide,
the procedural task required students to process, update, and
maintain sequential information presented across eight consecutive slides.
Our students’ low performance on the procedural task may
be also related to motivational factors. Engaged learners actively participate in the learning process and successfully
complete a given task [35]. Even for struggling readers, if they
are motivated, they devote more cognitive resources to comprehending and learning from texts, leading to improved
reading performance [36]. In the current study, students
might have been more interested in the argumentative aspects of the stem cell research rather than the steps of stem
cell development, resulting in similar performance in the argumentative task but lower performance of the students with
reading difficulties in the procedural task. We measured students’ overall topic interest at the posttest and did not find any
difference between the two groups, but we did not measure
their interest in individual tasks. Future methodologies could
be employed to more precisely evaluate how motivation is related to specific tasks and impacts students’ performance.
Contrary to our expectation, there was no difference in the
eye fixations and gaze durations between the two groups even
for the procedural task for which students with reading diffi-

culties were significantly less accurate than their peers. Even
though students were given the experimental questions prior
to viewing the slides and they were allowed to view each slide
for as long as needed, students with reading difficulties did
not extend their reading time to view relevant text or picture
areas. A possible explanation for this finding may lie in poor
readers’ lower metacognitive abilities [37]. Students with
reading difficulties may be less likely to monitor and evaluate
their ongoing comprehension of text while reading [38,39].
Further study is needed to clarify the role of metacognitive
knowledge on reading time in relation to varying topics and
comprehension task types for students with and without reading difficulties.

Educational Implication
While multimedia instruction and learning has been considered one of the most effective assistive technology methods
for struggling readers over the past decade [40,41], our study
demonstrates that task characteristics are critical factors to
consider when designing multimedia instruction for assessment, interventions, and accommodations for students with
learning difficulties. In the current study, within the context of
multimedia instruction, the procedural task, requiring sequential information processing, was particularly difficult for
students with reading difficulties. This finding highlights the
need to evaluate students’ reading comprehension skills under varying task constraints to determine the specific nature
of the task that may be problematic. Shin’s recent study [42]
showed that task types affected reading comprehension of
second language learners. This type of task microanalysis may
be necessary for developing optimal instructional strategies to
aid students with reading difficulties as well as second language learners.
Biard and colleagues [43] found that novice college students
learned from procedural lessons more effectively when procedural information was pre-segmented according to key
points rather than when learners controlled the pace and
pause. They suggested that when learners are unable to identify key information, instructors divide information into small
meaningful chunks, making it easier for learners to process
units of information by reducing cognitive load. Other studies
have shown that metacognitive monitoring and self-regulated
learning strategies are beneficial in enhancing procedural
learning [44]. By monitoring and regulating their processing
of novel information, students can evaluate their ongoing
comprehension and employ repair strategies, if needed [45].
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to continue to explore how task characteristics influence the
learning of students with reading difficulties within multimedia contexts and to use these observations to explore ways to
facilitate more effective instructions.

Lau [46] compared reading comprehension strategies of two
groups of secondary students; one group was taught through
text-based instruction and another group was taught self-regulating learning principles including goal-setting, monitoring,
self- and peer-evaluation activities. The self-regulating group
not only exhibited improvements in reading comprehension
and content knowledge, but also expressed positive attitudes
towards self-regulating learning strategies and attributed their
progress to the strategies they learned.
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Limitation and future research
The present study has some limitations that future research
should take into account. First, we assessed only word-level
reading abilities of the students with and without reading difficulties for group assignment. Future studies could measure
various reading skills (e.g., sentence level reading and reading
comprehension) and include various subgroups based on
students’ reading difficulty characteristics. Second, we included only four types of tasks - definitional, infographic, procedural, and argumentative. Further studies could include
more various types of tasks (e.g., critical analysis) and texts
(e.g., narrative and argumentative) and participants with different languages [47,48] to increase the generalizability of the
findings. Third, even though we found that task types influenced students’ comprehension, we do not know how students approach these tasks. Think-aloud methodologies
could provide insights into the students’ ongoing cognitive
processes during specific tasks and might shed light on why
group differences were not found for the eye gaze data. Finally, our learning materials were delivered as static images.
Recent studies (e.g., 49) found that animations are more beneficial than static visualizations for student when comprehending expository text. Future studies could use dynamic visualizations to explore the relationship between task types
and reading abilities.

CONCLUSION
Compared to their peers, students with reading difficulties
who pursue postsecondary education have greater risks of
failing to graduate [50,51]. On a wide variety of subjects, college students encounter expository texts that often include
procedural information presented with both text and images.
Hopefully an awareness of the potential challenges faced by
college students with reading difficulties when engaged in
multimedia comprehension activities will prompt researchers
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Appendix 1. Comparison of number of words and spelling and writing mechanics in students with and without reading difficulties

Number of words

RD group

TR group

M (SD)

M (SD)

F value

p value

Definitional question

13.63 (6.14)

16.67 (10.66)

1.40

0.24

Infographic question

23.40 (10.64)

26.15 (15.44)

0.55

0.46

Procedural question

42.00 (18.01)

53.22 (19.67)

4.89

0.03

Argumentative question

78.40 (30.78)

95.40 (35.04)

3.62

0.06

1.14 (0.72)

1.64 (0.48)

7.80

0.007**

Grammar and writing mechanicsa,b Argumentative question
(Maximum score = 2.0)

RD, reading difficulties; TR, typical reading skills; M, mean; SD, standard deviation.
a
We assessed grammar and writing mechanics of students’ responses to the argumentation question. Students’ responses to the other questions were short
(definitional and infographic questions) or consisted of bullet points (procedural question), which were not adequate for grammatical assessment; bFor
grammar and writing mechanics, first, the Grammarly program (Grammarly Inc., 2017) was used to detect grammatical errors and then two reviewers
manually graded students’ answers regarding correct sentence function, punctuation, capitalization, grammar usage, and spelling. If the answer had 0~1 error,
it attained two points, if 2~4 errors, attained one point, and if more than 5 errors, attained zero point (maximum two points).
**p < 0.01.
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