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The present study examined the effects of individual differ-
ences in working memory capacity (WMC) on learning from
a historical inquiry multimedia tutorial in stationary versus
mobile learning environments using a portable digital media
player (e.g., iPod). Students with low (n = 44) and high (n =
40) working memory capacity, as measured by the OSPAN
memory span test, were randomly assigned to either a sta-
tionary (n = 54) or mobile (n = 30) instructional environment.
In the stationary environment, participants viewed the tutorial
while sitting in a chair at a desk in a computer lab. In the mo-
bile environment, participants walked down a hallway follow-
ing a course indicated by signs on the floor. This walking and
navigating, while engaging in the multimedia tutorial, repre-
sents a divided attention task similar to the type of environ-
ment one might encounter in the real world. Overall, students
with high WMC outperformed students with low WMC on
measures of recall and transfer of the historical inquiry strat-
egy. In addition, students in a stationary instructional environ-
ment outperformed students in a mobile instructional envi-
ronment. Finally, interaction effects indicated that low WMC
students in a mobile instructional environment performed the
most poorly.
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Mobile learning, or mLearning, is typically defined as learning with
mobile technologies (see Laouris & Eteokleous, 2005). These types of defi-
nitions generally emphasize the ability to move beyond place-bound teach-
ing and learning environments (Goh & Kinshuk, 2006; Seppala & Alamaki,
2003) based on the application of wireless educational technologies (e.g.,
mobile phones, personal digital assistants, laptop computers, portable digi-
tal media players). Educational research into the efficacy of mobile learn-
ing and mobile technologies tends to focus on “their use embedded in class-
room practice, or as part of a learning experience outside the classroom”
(Naismith, Lonsdale, Vavoula, & Sharples, 2006, p. 11). One arena in which
this is especially the case is the use of portable digital media players (e.g.,
iPods, Zunes). In recent years, educators across the globe have begun to em-
ploy portable digital media players, especially iPods, as educational plat-
forms (see Belanger, 2005; Cebeci & Tekdal, 2006; Trelease, 2006). There
is, however, a paucity of research addressing the potential individual differ-
ences that may be apparent in the educational use of multimedia instruction
on portable digital media players.

In response, the present research was designed to examine the individual
efficacy of portable digital media players as multimedia instructional envi-
ronments. Recent research into multimedia instructional environments has
demonstrated the general effectiveness of multimedia learning (see Mayer
2001, 2005) and the development of specific principles that facilitate or in-
hibit learning in multimedia instructional environments (Ginns, 2005; Kaly-
uga, Chandler, & Sweller, 1999). One facet of multimedia learning that has
suffered from neglect, however, is the role of individual differences. Previous
research has identified two main individual difference variable of interest,
relative to multimedia learning: spatial ability (Moreno & Mayer, 1999) and
prior knowledge (Ollerenshaw, Aidman, & Kidd, 1997). Sanchez and Wiley
(2006), however, investigated the individual difference effects of working
memory capacity (WMC), a measure of attentional control, on learning with-
in an illustrated, web-based expository-text learning task completed on a sta-
tionary desktop computer. Sanchez and Wiley found that students with low
working memory capacity (poor atttentional control) had poorer cognitive
performance than students with high working memory capacity after viewing
the illustrated expository text tutorial with seductive details (i.e., attention
diverting extraneous, non-relevant words and pictures). That is, individual
differences in attentional control, as measured by working memory capac-
ity, had a significant impact on student learning in a multimedia instructional
environment. Thus, the present study was designed to examine the effects of
individual differences in WMC on learning in stationary versus mobile learn-
ing environments using portable digital media players.
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Mobile Learning Environments

Mobile learning, in general, refers to the use of mobile technolo-
gies to allow students flexibility in where and when to learn. Typical mo-
bile technologies include wireless laptops, PDAs, tabletPCs, and mobile
phones (Fallahkhair, Pemberton, & Griffiths, 2007), although portable digi-
tal media players are also being used for mobile learning (see Chan, Lee,
& McLoughlin, 2006; Trelease, 2006). These mobile technologies are cur-
rently being used to foster learning in classrooms, laboratories, field trips,
distance education environments, and informal learning environments (Goh
& Kinshuk, 2006), as well as across domains such as language learning
(Chinnery, 2006), teacher education (Seppala & Alamaki, 2003), anatomy
(Trelease, 2006), and problem-based learning (Massey, Ramesh, & Khatri,
2006). It should be noted, however, that mobile learning is still in its infan-
cy, that mobile learning’s very definition is still in question (see Laouris &
Eteokleous, 2005), and that most mobile learning endeavors are “not always
stable, mature or well understood” (Traxler & Kukulska-Hulme, 2005, p. 5).

Mobile learning research tends to focus on three areas, new technol-
ogy development, new technology evaluation and existing technology ap-
plication. Mobile learning technology development research is typified by a
special issue of the International Review of Research in Open and Distance
Learning (Ally, 2007). This special issue contains articles addressing (a)
mobile technology usability (Kukulska-Hulme, 2007), (b) use of PDAs for
distance learning (Rekkedal & Dye, 2007), (c) the growth of mobile hard-
ware and networking technology (Caudill, 2007), and (d) the development
of an advanced instant messaging system (Kadirire, 2007). In each case, the
articles were focused on the development of new technology, but did not
empirically evaluate the applicability of the technology developed. Research
that focuses on the evaluation of the viability of technology developments
is typified by a special issue of the Journal of Computer Assisted Learning
(Sharples, 2007). This special issue contains articles that address (a) the ef-
fects of large shared video-display groupware on the collaboration of stu-
dents working with PDAs or tabletPCs (Liu & Kao, 2007); (b) the effects
of a cross-platform language learning service, provided through interactive
television and mobile phones, on language learning (Fallahkhair, Pember-
ton, & Griffiths, 2007); and (c) the effects of a PDA-based field-trip expe-
riential learning guide on knowledge construction (Lai, Yang, Chen, Ho, &
Chan, 2007). In each of these articles, new technology developments were
employed with real users and the efficacy of the new technologies evaluated.

Finally, mobile learning technology application research focuses on the
use of existing technologies in current classroom settings. Examples of this
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type of research include (a) sending short vocabulary lessons via SMS text
messaging to students in an EFL class in Japan, resulting in increased vo-
cabulary development (Thornton & Houser, 2004); (b) exchanging SMS text
messages and mobile phone-based digital pictures between student teachers
and teacher supervisors, resulting in greater use of casual time (e.g., riding
on a bus) for educational purposes (Seppala & Alamaki, 2003); (c) using
PDAs to access Internet-based medical services in medical education, re-
sulting in immediate access to necessary information (Smordal & Gregory,
2003); and (d) using PDAs to write reflections, send emails, and pictorially
document events by student teachers and teacher supervisors of pre-service
science educators, resulting in increased student teacher organization (Ped-
ersen & Marek, 2007). In each of these articles, established technologies
were applied to current educational settings without the need for the devel-
opment of new interfaces, knowledge bases, or technological enhancements.

What is not present in this research addressing mobile learning tech-
nology development, evaluation, and application is the examination of indi-
vidual differences, or learner characteristics, and how these individual dif-
ferences affect learning and behavior. How might individual differences in
dexterity, vision, hearing, memory or attention affect learning and perfor-
mance using mobile learning technologies?

Working Memory Capacity and Individual Differences

Working memory capacity (WMC) represents the ability of an individu-
al to maintain focus on a primary task while also maintaining relevant infor-
mation in working memory and retrieving relevant information from long-
term memory, especially in the presence of distraction (Feldman, Tugade,
& Engle, 2004; Unsworth & Engle, 2007). That is, WMC moves beyond
a basic measure of working memory storage capacity (see Miller, 1956) to
include both storage and processing capacity (see Daneman & Carpenter,
1980; Kane & Engle, 2003). Thus, ultimately, WMC is a measure of con-
trol; that is, the ability to control the maintenance of information in working
memory (storage) and the retrieval from long-term memory of information
relevant to a current problem or situation (processing). This control is most
evident when there are internal (e.g., thoughts, drives, feelings) or external
(e.g., talking, music, motion) distractions taxing the attentional system (Un-
sworth & Engle, 2007).

There is an extensive body of literature indicating that an individual’s
ability to demonstrate this type of attentional control positively affects per-



Working Memory Capacity and Mobile Multimedia Learning Environments 515

formance on complex mental tasks, including general fluid intelligence
(Conway, Cowan, Bunting, Therriault, & Minkoff, 2002), long-term mem-
ory activation (Cantor & Engle, 1993), attentional control (Kane, Bleckley,
Conway, & Engle, 2001), resistance to proactive interference (Lustig, May,
& Hasher, 2001), primary memory maintenance and secondary memory
search (Unsworth & Engle, 2007), and resistance to goal neglect (Kane &
Engle, 2003). These positive effects resulting from greater WMC have led to
several studies examining the effects of individual differences in WMC on
various types of complex cognitive tasks. These studies have indicated that
that those with higher WMC perform better than those with lower WMC
in the areas of reading comprehension (Daneman & Carpenter, 1980), lan-
guage comprehension (Just & Carpenter, 1992), vocabulary learning (Dane-
man & Green, 1986), reasoning (Conway et al., 2002; cf. Buehner, Krumm,
& Pick, 2005), computer language learning (Shute, 1991), lecture note tak-
ing (Kiewra & Benton, 1988), Scholastic Aptitude Test performance (Turner
& Engle, 1989), mnemonic strategy effectiveness (Gaultney, Kipp, & Kirk,
2005), and storytelling (Pratt, Boyes, Robins, & Manchester, 1989). This re-
search has demonstrated a strong, positive relationship between variations in
WMC and variations in complex cognitive task performance.

One domain of complex cognitive tasks that has seen little research re-
lated to WMC is multimedia learning. The examination of individual dif-
ferences in WMC on multimedia learning is of interest as both WMC and
multimedia learning are influenced by attentional control (see Mayer, 2001,
2005). Specifically, multimedia learning suffers when students’ attention
is split between two or more multimedia elements, such as animation with
concurrent on-screen text captioning (Kalyuga, Chandler, & Sweller, 1999;
Mayer & Moreno, 1998) or when seductive details — extraneous words, pic-
tures, sounds or music — are added to a multimedia tutorial (Harp & Mayer,
1998; Mayer & Jackson, 2005). In contrast, Harp and Mayer (1998) and
Mautone and Mayer (2001) found that learning was facilitated by the pres-
ence of cues that guided the learners’ attention and highlighted the structure
of the information provided.

What is the Relationship between Mobile Learning and Working Memory
Capacity?

According to Vavoula and Sharples (2002), the term mobile, within mo-
bile learning, indicates that learning may take place in multiple locations,
across multiple times, and addressing multiple content areas. Each of these
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aspects of mobile, however, is embedded in the technology itself, not the
learner. Indeed, Vavoula and Sharples specify that the mobile technological
system that supports this multi-location, multi-time and multi-content learn-
ing must be portable, accessible and flexible, respectively. One aspect that
is missing from this description is that of a mobile learner. That is, what
attributes of the individual are important in a mobile learning situation? Fur-
thermore, is there a difference in learning when an individual is physically
moving, learning while mobile (e.g., walking while engaging in a lesson on
an iPod), or stationary (e.g., sitting on a park bench engaging in a lesson on
an iPod) while utilizing mobile learning technologies?

The purposes of this study were to (a) evaluate the effects of multime-
dia learning in stationary versus mobile learning environments using por-
table digital media players; (b) evaluate the existence of a general working
memory capacity effect within multimedia instruction; and (c) evaluate
whether working memory capacity differentially affected multimedia learn-
ing in stationary and mobile learning environments using portable digital
media players.

METHODS
Participants and Design

Participants in this study were 84 undergraduate students (58 males,
26 females), with a mean age of 19.7 years. Participants were enrolled in a
core-curriculum health education course at a large research university in the
southeast and received course credit for participation. The 84 participants
were derived from a larger sample of 147 students who were administered
the OSPAN working memory span text. Of the 147 students, only those par-
ticipants that scored in the upper (n = 40) or lower (n = 44) quartiles were
included as participants. Participants were then randomly assigned to either
the stationary (n = 54) or mobile (n = 30) learning environment group. The
design of the present experiment was a 2 X 2 factorial design with working
memory capacity (low WMC, high WMC) and learning environment (sta-
tionary, mobile) as between-subject variables.

Materials and Apparatus

Working memory capacity and the OSPAN task. WMC was measured
using the OSPAN operation-span task (La Point & Engle, 1990; Turner &
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Engle, 1989). To complete the OSPAN task participants maintained a list of
unrelated words in memory while solving a series of basic math problems.
Specifically, participants were shown a series of math-word sentences in the
form of “IS (2 4+ 6) -2 =47 Car” or “IS (9 —5) /2 =3 ? House.” Partici-
pants read each math statement aloud and answered “yes” or “no” aloud as
to the correctness of the math statement, followed by reading the unrelated
word aloud. Participants viewed and read aloud one math-word sentence
at a time on a computer screen and, without pausing, clicked a “Continue”
button to advance to the next math-word sentence. Participants responded
to a set of 2 to 6 math-word sentences before being asked to recall the un-
related words from that set, in order, and typing the words into a text box
on the computer screen. The OSPAN score was determined by counting the
number of words recalled for those sets in which the participant recalled all
words, in order, correctly; thus, if a participant recalled all four words from
a four math-word sentence set, in proper order, the participant would receive
four points. Participants viewed 15 sets of math-word sentences, 3 sets each
containing 2 to 6 math-word sentences, for a total of 60 math-word sentenc-
es and a maximum potential score of 60. The order of the math-word sets
and the math-word sentences within each set were randomized for each par-
ticipant. The mean OPSAN scores for the high WMC and low WMC groups
were 28.79 (SD = 5.42) and 5.63 (SD = 2.87), respectively.

SCIM historical inquiry multimedia tutorial. The SCIM (summarizing,
contextualizing, inferring, monitoring) historical inquiry multimedia tutorial
was (a) 3.5 minutes in length, (b) based on 16 images with concurrent nar-
ration, (c) created using Adobe’s Flash™, and (d) focused on both historical
inquiry, generally, and the SCIM strategy for historical inquiry, specifically
(see Figure 1). The first section of the tutorial discussed the general histori-
cal inquiry cycle including the asking of historical questions, the gathering
of historical sources, the analyzing of historical sources to yield historical
evidence, and the creating of historical interpretations based on the resultant
historical evidence that addresses the original historical questions. The sec-
ond section of the tutorial described the SCIM strategy for historical inquiry.
The SCIM strategy consists of analyzing a specific source, such as a letter,
by first summarizing the apparent and observable evidence, then contextual-
izing the source within the time and place in which the source was created,
then inferring from the source conclusions that lie beyond the source, and
finally, monitoring one’s own thoughts for outstanding questions, needs for
additional information beyond the source, and the relevance of the source to
the guiding historical questions

Stationary and mobile learning environments. Participants viewed the
historical inquiry multimedia tutorial on 5" generation iPods (i.e., video iP-
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ods) with 2.5” view screens and Altec Lansing™ headphones in one of two
conditions, stationary or mobile. In the stationary condition, participants
viewed the tutorial while sitting in a chair at a desk in a computer lab. In
the mobile condition, participants were first provided with a random num-
ber from 1 to 3 and then asked to walk 25 yards down a hallway, and back,
repeatedly, until the tutorial came to an end. Every 5 yards along this walk
was a two-sided sign on the floor that included the numbers 1, 2 and 3, and
above each number an arrow pointing left or right (see Figure 2). Partici-
pants were instructed to walk to the side of the sign indicated by the arrow
above the number to which they were assigned. This walking and navigating
while learning within a mobile learning environment represents a divided
attention task similar to the type of environment one might encounter in the
real world.

Historical
Questions

Historical Inquiry

Iragine that you are reading a leter written | | Hisorecal inquiry is a cyclical pmoess that
by your great grandfather. Whatredght he be gins with the asking of thoss typesof
letter el you abouthis life and the tivesin historical questions.

‘which he lived?

Historical s, Historical wo,

Questions \ Questions o
Historical Historical

Sources T Sources

istorical

Evidence //

Your historical questions are mvestigated by| | An analysis and evaluation of your letter

locating, analyzing and evaluating relevant | | will msultin the creation of historieal

historical soures, such a5 your great evidence.
grandfaher sleter.
Historical wos,
Questions \ S
Historical Historical c
Interpretation Sources |
Historical M
Evidence

This historical evidence, frorayouletter is | | One ehod in engaging in such historical
then used © construct one possible historeal] |inquiry s touse fie SCIM strategy.
interpmtation relative to your histodcal

questions,
Summarizing Summarizing
Contextualizing
Inferring
Monitering
The SCIM suanegy lshsedm ﬁ:m: Surnrnanzing inwolves exardning a Source,
such & your leter, 1o locate any information)
mﬁen’m& ami Toonitoring = aswe].las thatis explicidy avalable. Specific
specific analyzing questions. sureroanzing questions melude:

Figure 1. Frames of the SCIM historical inquiry multimedia tutorial with
concurrent narration.
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Summarizing: Contextualizing:
Author?
Subject?
Purpose?
Audience?/
Wheo or what were the author, subject, Contextualizing is making sense of your
purpose and audience of your letter. What letter within the context or time period in
information is explicitly available within which your letter was produced. Specific
your letter? contextualizing questions include:
Contextualizing: Inferring:
When?
Where?
Why? .
Immediate/Broader Context?
‘When, where and why was your letter Inferring involves drawing reasoned
written? What was happening in the conclusions from evidence that is not
immediate/broader context when your letter | | explicitly stated in your letter. Specific
was written? inferring questions include:
Inferring: Monitoring:
Interpretations?
Perspectives?
What interpretations may be drawn from Monitoring involves questioning of your
you letter? And, what perspectives underlie | | understandings and interpretations of the
you letter? letter relative to your historical questions.

Specific monitoring questions include:

Monitoring:
Additional Evidence?
Further Defining?

‘What additional evidence, beyond your Ultimately, the historical interpretation you
letter, is necessary to address your historical | | develop from your great grandfather’s letter
questions? And what needs further defining | | should address your historical questions, by
within your letter? synthesizing the evidence you extracted.

Figure 1 (con’t). Frames of the SCIM historical inquiry multimedia tutorial
with concurrent narration.

— — —
1 2 3

Figure 2. Directional signs used in the mobile learning environment.

Recall and transfer tests. Participants’ recall of the SCIM historical
inquiry process was assessed using a single open-ended question: “Please
provide an explanation of historical inquiry and the SCIM strategy.” Two
trained scorers evaluated each response (r = .92) such that a response re-
ceived one point for addressing each of the four stages of the general histor-
ical inquiry cycle and two points for defining each of the four SCIM phases.
Thus, the maximum score for the recall test was 12. Participants’ ability to
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transfer SCIM historical inquiry knowledge was assessed using four short-
answer questions: (1) What could you do to increase the validity or accuracy
of your historical interpretation?; (2) From a historical inquiry perspective,
why is understanding the past so difficult?; (3) How might you go about
analyzing a picture taken during the 1920 Great Depression?; and (4) What
effect would analyzing three letters about the same topic have on your his-
torical interpretation? Two trained scorers evaluated each response (r = .81)
such that a response received one point for each correct answer to each
question. Since there were potentially many correct answers to each ques-
tion, there was no maximum transfer score. A sample of correct answers
would include: for Question 1, to increase the validity of an interpretation
one could evaluate additional sources to corroborate the current source; for
Question 2, the past is difficult to understand since the remaining artifacts
only provide limited evidence and are always created for a specific, some-
times unknown, purpose; for Question 3, a photograph could be analyzed
using the SCIM strategy (i.e., summarizing the obvious content within the
source, contextualizing the photo in time and place, inferring information
beyond the immediate source, monitoring oneself for questions and needs);
for Question 4, analyzing three letters would provide evidence for corrobo-
ration and expand the range of possible relevant inferences.

PROCEDURE

Participants were tested individually at laptop computers, in groups of
1 to 8, in a computer lab with an adjacent hallway. Participants entered the
computer lab and were directed to a laptop computer where they logged-
in using their university email addresses. After logging-in, participants were
given 5 minutes to complete a demographics questionnaire. Upon comple-
tion of the demographics questionnaire, participants listened to a 90 second
iPod video describing how to locate and select videos/movies and how to
adjust the volume on an iPod. The participants in the mobile condition then
left the computer room and waited at the starting line of the walking course.
At the lab instructor’s command, each participant would start the multimedia
tutorial and begin the walking course. Upon completion of the multimedia
tutorial, participants in the mobile condition would return to the computer
lab. Meanwhile, after the participants in the mobile condition left the com-
puter lab, participants in the stationary condition would start the multimedia
tutorial while sitting at their desks. After the participants in both groups had
completed viewing the multimedia tutorial and returned to the room, all par-
ticipants were given 10 minutes to complete the strategy recall test. After
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completing the recall test, participants were given 20 minutes to complete
the knowledge transfer test. Finally, all questionnaires, assessments and tests
were completed on laptop computers.

RESULTS

This experiment was designed to (a) evaluate the effects of learning in
stationary versus mobile learning environments; (b) evaluate the existence
of a general WMC effect; and (c) evaluate whether WMC differentially af-
fected performance in stationary and mobile learning environments. These
questions were evaluated using two 2 (low WMC, high WMC) x 2 (station-
ary, mobile) ANOVAs, one for the recall data and one for the transfer data.
All post-hoc comparisons involved Tukey analyses with an alpha criterion
of 0.05 and all effect size calculations involved Cohen’s d (Cohen, 1998).

Stationary and Mobile Learning Environments

There was a significant difference in cognitive performance between
participants who learned in a stationary learning environment as compared
to participants who learned in a mobile learning environment (see Table 1).
Specifically, participants in the stationary learning environment recalled
more historical inquiry and SCIM strategy components than participants in
the mobile learning environment, F(1,80) = 8.66, MSE = 52.03, d = 0.72, p
= .00. In addition, participants in the stationary learning environment trans-
ferred more historical inquiry and SCIM strategy knowledge than partici-
pants in the mobile learning environment, F(1,80) = 7.23, MSE = 12.28, d =
0.69, p = .00.

Table 1
Means and Standard Deviations for Recall and Transfer Scores for Partici-
pants in Stationary and Mobile Learning Environments

Recall Transfer
M SD M SD
Stationary 6.67* 2.23 5.57* 1.34
Mobile 4.73 3.03 3.97 1.40

Note. Max recall score = 12. Max transfer score = indeterminate.
*p<.05
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General WMC Effect

The general WMC effect was confirmed for recall as high WMC stu-
dents recalled more historical inquiry and SCIM strategy components than
low WMC students (see Table 2), resulting in a significant main effect for
recall, F(1,80) = 5.97, MSE = 35.89, d = 0.45, p = .01. Similarly, for trans-
fer, high WMC students generated more valid transfer responses than low
WMC students, resulting in a significant main effect for transfer, F(1,80) =
5.22, MSE = 8.86, d = 0.43, p = .02. These results are consistent with previ-
ous findings regarding a general WMC effect (Doolittle, 2008, Unsworth &
Engle, 2007), that high WMC students outperform low WMC students on
recall and transfer after engaging in a multimedia tutorial.

Table 2
Means and Standard Deviations for Recall and Transfer Scores for
High and Low WMC Participants

Recall Transfer
M SD M SD
Low WMC 5.41 2.99 4.95 1.68
High WMC 6.60* 2.19 5.55* 0.95

Note. Max recall score = 12. Max transfer score = indeterminate.
*p<.05

Differential Effects of WMC on Performance in Stationary and Mobile Learning
Environments

While there were significant WMC and learning environment main ef-
fects, there were also significant interactions between WMC and learning
environment. The significant interaction for recall, F(1,80) = 5.15, MSE =
30.94, d = 0.56, p = .01, appears to be based on participants with low WMC
in the mobile learning environment recalling less historical inquiry and
SCIM strategy components than participants in any other combination of
conditions (see Figure 3). This appearance was statistically confirmed using
a contrast analysis comparing the mobile-low WMC group to the remain-
ing three groups (mobile-high WMC, stationary-low WMC, stationary-high
WMC), F(1,80) = 6.85, MSE = 6.00, d = 0.96, p < .02. There was also a sig-
nificant interaction for transfer, F(1,80) = 4.22, MSE = 7.18, d = 0.51, p =
.04. This interaction appeared to be the result of participants with low WMC
in the mobile learning environment transferring less historical inquiry and
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SCIM strategy components than participants in any other combination of
conditions (see Figure 4). This appearance was statistically confirmed using
a contrast analysis comparing the mobile-low WMC group to the remaining
three groups (i.e., mobile-high WMC, stationary-low WMC, stationary-high
WMO), F(1,80) = 11.94, MSE = 1.69, d = 0.99, p < .001.

i ——
N\
N —o—High WMC
- —=—Low WMC

Recall Responses
O = M W s Lh v -] &

Stationary Mobile

Figure 3. The interaction effects for recall between WMC and instructional
environment.

E —+— High WMC

= Low WMC

Transfer Responses
=T " I = T

Stationary Mobile

Figure 4. The interaction effects for transfer between WMC and instructional
environment.
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DISCUSSION

The goal of this research was to determine the effects of learning while
mobile, as well as to examine the possibility that individual differences in
working memory capacity (WMC) may yield differential learning effects.
The study found evidence that learning while mobile was negatively affect-
ed in comparison to learning while stationary. Specifically, it was found that
students who learned about historical inquiry using a portable digital media
player (e.g., iPod), while navigating a walking course that required atten-
tion to the path taken, performed significantly more poorly on measures of
recall and transfer than students who learned while simply sitting at a desk.
These results are in accord with previous findings addressing divided atten-
tion (Anderson & Craik, 1974; Craik, Govoni, Naveh-Benjamin, & Ander-
son, 1996). Divided attention refers to the situation in which an individual
must attend to two or more stimuli, such as attending to a multimedia tuto-
rial while also attending to a walking path. The literature on divided atten-
tion is clear; when attention is divided during the learning or encoding phase
of a task, cognitive performance declines (Anderson & Craik, 1974; Bad-
deley, Lewis, Eldridge, & Thomson, 1984; Fernandes & Moscovitch, 2000).
The reason for this decline is that attending to one task, such as navigating
the walking course, reduces the amount of attention that is available for a
second task, such as engaging in the historical inquiry multimedia tutorial
(Craik et al., 1996). According to Craik et al. (1996),

...taken together, these results [concerning
divided attention] suggest that memory encod-
ing processes require attention, that there is a
trade-off in this respect between memory and the
concurrent task, and that allocation of attention
to encoding processes is to some extent under the
participant’s control. (p. 160)

If, then, as Craik et al. (1996) surmise, “encoding processes require at-
tention,” those students with better attentional control should perform better
than students with poorer attentional control under conditions of distraction
(see also Feldman et al., 2004; Oberauer & Kliegl, 2004). The present study
confirmed this relationship. Students with high WMC capacity recalled and
transferred more information from the historical inquiry multimedia tutorial
than students with low WMC. These findings provide support for a general
WMC effect; that is, that students with high WMC will cognitively outper-
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form low WMC students. Support for a general WMC perspective comes
from Kane and Engle (2003) who established that general controlled-atten-
tion is responsible for the maintenance of information and the avoidance of
distraction in complex cognitive tasks. Further, research involving a wide
array of tasks that demand attention-control for success (e.g., dichotic-lis-
tening task, antisaccade task, Stroop task) have demonstrated a general per-
formance advantage for high WMC students (Conway, Cowan, & Bunting,
2001; Kane & Engle, 2003; Unsworth, Schrock, & Engle, 2004; cf. Kane,
Poole, Tuholski, & Engle, 2006).

The present study also established that students with low WMC recalled
and transferred less in the mobile learning environment than any other stu-
dents in any other conditions. It is not at all surprising that those students
with the poorest attentional control and most susceptibility to distraction,
low WMC students, performed the poorest in the condition that required the
greatest amount of attentional control due to the highest level of external
distraction, learning while mobile. It is also not surprising that low WMC
students performed equally well as high WMC student in the stationary
learning environment as the stationary learning environment required only
minimal attentional control due to the lack of external distractions.

These results provide evidence that in creating multimedia instructional
environments, teachers must consider not only the construction of the mul-
timedia instruction itself, but also the students who will engage in the mul-
timedia instruction and the manner in which the instruction will take place.
The present findings suggest that learning while stationary represents an
environment in which both high and low WMC students perform equally
well, and thus should be encouraged (e.g., as an adjunct to performing a lab
experiment where the iPod provides directions and modeling for the com-
pletion of the lab). The findings also suggest, however, that learning while
mobile is detrimental to some students and thus, as an instructional strategy,
“learning while mobile” should be implemented with prudence (e.g., study-
ing for a test, using the iPod, while walking through an airport). Finally, the
present study represents somewhat of a blunt instrument in examining the
effects of WMC on learning while mobile and thus generalizations must be
made with caution. In the future, more nuanced and ecologically valid stud-
ies are needed to clarify these initial findings; for example, will low WMC
students be disadvantaged when engaging in a museum walking tour that
uses a portable digital media player to deliver place-specific content?
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CONCLUSION

The present study sought to investigate the interplay between mobile
learning and working memory capacity (WMC) based on a multimedia
learning task. Given the current interest in education in mobile learning (see
Kukulska-Hulme & Traxler, 2005) and multimedia learning (see Mayer,
2005), an investigation into possible individual differences was undertaken.

The current results indicate that students who have poor attentional
control, or who are susceptible to external distraction, are likely to be dis-
advantaged in mobile multimedia learning environments where distractions
may be high. As the creation and application of mobile multimedia learning
environments moves forward, it is important that individual differences be
considered so that a portion of the population is not left behind.
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