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Summary: The aim of the reported experiment was to obtain insight into how learners’ visuo-spatial working memory is involved
during learning how to perform procedural-motor tasks from a multimedia instruction (i.e. ‘learning how’). Eighty-two participants
studied first-aid procedures using text only or multimedia. Working memory involvement was gauged by measuring the interference
between learning first-aid procedures and performing a spatial dual task. Learning outcomes were measured as task performance
and task description. The results showed that performing a spatial dual task interfered to a larger extent with learning from text only
than from multimedia. The results tend to support the assumption that pictures in tasks focusing on ‘learning how’ are beneficial to
learning, because they might omit the need to engage in imagery and therewith reduce the cognitive effort that is required to under-
stand the learning material. Copyright © 2013 John Wiley & Sons, Ltd.

INTRODUCTION

An established effect in the field of learning and instruction
is the multimedia effect, which states that learning is fostered
by adding pictures to text (Mayer, 2009). Most studies on the
multimedia effect investigated the beneficial effect of pic-
tures concerning the functioning of a system (i.e. causal
tasks; see Mayer, 2005, 2009). Accordingly, we have fairly
good knowledge about the cognitive processes associated
with processing text and pictures when learning about causal
tasks (Mayer, 2009; Schüler, Scheiter, & van Genuchten,
2011). On the other side, considerable fewer studies have fo-
cussed on whether pictures aid learning concerning how to
do something (i.e. procedural-motor tasks), and hence, also
less is known about the cognitive processes associated with
processing text and pictures when learning about proce-
dural-motor tasks. As outlined in the next section, causal
and procedural tasks are characterised by different features
and—on the basis of different lines of research (e.g. Fischer
& Zwaan, 2008; Fogassi & Ferrari, 2011; Kosslyn, Ganis,
& Thompson, 2001; Postma & Barsalou, 2009; Rizzolatti &
Craighero, 2004)—it can be assumed that causal and proce-
dural tasks differ especially regarding their affordance for
mental imagery: Whereas causal tasks have a rather low
affordance for imagery, the affordance for imagery with pro-
cedural tasks is rather high (for a more thorough explanation
of that argument, see next section). As a consequence, it may
be assumed that the multimedia effect observed for proce-
dural tasks (e.g. Michas & Berry, 2000; Schwan & Riempp,
2004; van Genuchten, Scheiter, & Schüler, 2012; Wan &
Baragash, 2011) can be traced back to different cognitive
processes in working memory than the multimedia effect
observed for causal tasks. Therefore, in the current paper,
we investigated whether the affordance for mental imagery
in procedural task has consequences for the processing of
learning material that consists of text only, or text and
pictures in working memory. We focused on the role of

one specific working memory subsystem, namely the visuo-
spatial sketchpad (Baddeley, 1999), because mental images
are assumed to be processed in this part of working memory
(e.g. Baddeley & Andrade, 2000; Baddeley, Grant, Wight,
& Thomson, 1973).

‘LEARNING THAT’ AND ‘LEARNING HOW’

In tasks that focus on the functioning of a system (i.e. causal
tasks; Mayer, 2005, 2009) changes in some part of the system
and their effects on other parts of the system are described
and depicted (e.g. the functioning of a bicycle tire pump;
Mayer & Gallini, 1990). The aim of these tasks is to ‘learn
that’ (Ryle, 2000), that is, to obtain declarative, explicit
knowledge and create a mental representation of the system’s
components and their causal relationships. Here, learning
outcomes can be gauged by measuring how much informa-
tion can be recalled regarding the structure and functioning
of the system, and whether this information can be used to
reason about similar situations (i.e. transfer of information;
Mayer, 2009).

In contrast, in tasks that focus on learning how to do
something (i.e. procedural-motor tasks; e.g. Dechsri, Jones,
& Heikkinen, 1997; Iserbyt, Mols, Elen, & Behets, 2012;
Michas & Berry, 2000; Van Hooijdonk & Krahmer, 2008),
the motor actions that have to be performed by a person to
achieve a goal are described (e.g. how to tie a knot: Hayes
& Henk, 1986). The aim of these tasks is to ‘learn how’
(Ryle, 2000), that is, to obtain procedural-motor, implicit
knowledge and develop the skill in a way that allows
performing the procedure automatically and error free
(cf. Millar, Lubben, Gott, & Duggan, 1994). This means that
‘learning how’ involves not only knowledge concerning ob-
jects and their spatial relationships (i.e. declarative/explicit
knowledge) but also knowledge concerning the motor ac-
tions that have to be applied to these objects in order to
achieve the goal (i.e. procedural-motor/implicit knowledge;
Glenberg, 1997; Glenberg & Langston, 1992; Langston,
Kramer & Glenberg, 1998). Therefore, learning outcomes
can be gauged both by measuring how well declarative/ex-
plicit knowledge is recalled and by measuring how well
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(i.e. how correctly/efficiently/successfully) the motor actions
are performed (Ryle, 2000).

Thus, in contrast to tasks that focus on ‘learning that’, tasks
that focus on ‘learning how’ convey not only declarative/ex-
plicit knowledge but also information about the motor actions
that have to be applied in order to achieve the goal. Interest-
ingly, on the basis of findings from different lines of research,
it can be assumed that tasks describing motor actions may
have a high affordance for mental imagery (e.g. Fischer &
Zwaan, 2008; Fogassi & Ferrari, 2011; Kosslyn et al., 2001;
Postma & Barsalou, 2009; Rizzolatti & Craighero, 2004).
For instance, it has been shown that the use of action-related
words (i.e. nouns, verbs and adjectives)—as often used in tasks
describing procedural-motor information—seems to trigger
mental simulation (Fischer & Zwaan, 2008). According to
Postma and Barsalou (2009), this mental simulation mecha-
nism is essentially the same as mental imagery. The differ-
ence between the two mechanisms relies in the fact that
mental imagery is typically assumed to be conscious,
whereas mental simulation can be both, conscious and
unconscious (Postma & Barsalou, 2009). Moreover, the de-
piction of an interaction between a body part and an object
(e.g. a picture of a hand grabbing a glass) seems to automat-
ically trigger the activation of mirror neurons in the motor
system (Fogassi & Ferrari, 2011; Rizzolatti & Craighero,
2004; see also Van Gog, Paas, Marcus, Ayres, & Sweller,
2009; Marcus, Cleary, Wong, & Ayres, 2013), which has
been assumed to be involved in conscious motor imagery
(Kosslyn et al., 2001). Thus, tasks focusing on ‘learning
how’ (i.e. tasks conveying procedural-motor information)
may have a higher probability to afford imagery than tasks
focusing on ‘learning that’, as in these latter tasks merely
objects and their interrelations are described—without using
action-related words or describing a person interacting with
the system (cf. Rizzolatti & Craighero, 2004).

The question arises whether the affordance for mental im-
agery in tasks focusing on ‘learning how’ has consequences
for the processing of learning material that consists of text
only or consists of text and pictures, because one may as-
sume that presenting pictures omits the need to engage in im-
agery (Marcus, Cooper, & Sweller, 1996). To address this
question, we investigated information processing during
learning by assessing the involvement of working memory
during ‘learning how’, by using the secondary task para-
digm. This paradigm is introduced in the next section.

INVESTIGATING WORKING MEMORY
INVOLVEMENTDURINGMULTIMEDIALEARNING

According to Baddeley (1999), working memory consists of
a central executive, which coordinates two slave systems,
namely the phonological loop and the visuo-spatial
sketchpad. The phonological loop is assumed to process
verbal information, whereas the visuo-spatial sketchpad is
assumed to be involved in processing visuo-spatial informa-
tion (e.g. mental images and pictures) as well as movement
control (Baddeley, 1999). As noted earlier, it can be assumed
that tasks that focus on ‘learning how’ differ from tasks that
focus on ‘learning that’ regarding the mental images that are

triggered (Baddeley, 2012; Smyth & Pendleton, 1990). There-
fore, cognitive processing between both task types should espe-
cially differ with regard to the involvement of the visuo-spatial
sketchpad, where mental images are assumed to be processed
(e.g. Baddeley & Andrade, 2000; Baddeley et al., 1973).
In general, to investigate information processing in work-

ing memory during learning, the dual-task approach can be
used (e.g. Andrade, 2001). This approach allows measuring
the load of working memory subsystems when performing
the primary task, in this case multimedia learning of a proce-
dural task. The underlying principle of performing the dual
task is that it requires the resources of one of the working
memory subsystems and therefore causes interference with
the learning task (Andrade, 2001). If learning outcomes are
affected by performing this dual task, it can be concluded
that the working memory subsystem that was loaded by the
dual task was involved during learning (Baddeley, 1999).
The involvement of the visuo-spatial sketchpad during
learning can be measured using spatial motor tasks, where
participants have to continuously conduct specific move-
ments (Farmer, Berman, & Fletcher, 1986). Because the
visuo-spatial sketchpad controls the execution of movements
(e.g. Lawrence, Myerson, Oonk, & Abrams, 2001; Logie &
Marchetti, 1991), spatial motor tasks interfere with the
processing of visuo-spatial information in this part of
working memory. Usually, participants press buttons on a
keyboard with their fingers (e.g. Della Sala, Gray, Baddeley,
Allamano, & Wilson, 1999; Farmer et al., 1986); however,
in some studies, participants tapped with their foot instead
(Liefooghe, Vandierendonck, Muyllaert, Verbruggen, &
Vanneste, 2005; Miyake, Emerson, Padilla, & Ahn, 2004;
Service & Turpeinen, 2001; see Schüler et al., 2011, for a re-
view). In line with the assumption that movements in general
disrupt visuo-spatial processing, Miyake et al. (2004)
demonstrated that the foot-tapping task interfered with the
processing of visuo-spatial information, such as colours
and shapes.
In sum, stronger interference between the tapping task and

information processing implies stronger involvement of the
visuo-spatial sketchpad during learning. Such interference
can, for example, be measured by comparing learning out-
comes of participants who learned with dual task and partic-
ipants who learned without dual task. If there is interference,
participants in the dual-task condition will have lower learn-
ing outcomes than participants who learned without dual
task.
Previous research investigating the involvement of the

visuo-spatial sketchpad during multimedia learning with the
dual-task approach has mostly used tasks that focused on
‘learning that’ (e.g. Gyselinck, Cornoldi, Dubois, de Beni, &
Ehrlich, 2002; Kruley, Sciama, & Glenberg, 1994). Here, it
has been shown that the visuo-spatial sketchpad is involved
in processing text–picture combinations but not in processing
text alone. These findings can be interpreted as suggesting that
during processing text alone, no mental images were build,
whereas during processing text and pictures, the pictures were
processed in the visuo-spatial sketchpad. For example,
Gyselinck et al. (2002) examined working memory processes
using a spatial motor dual task as well as an articulatory dual
task (which is assumed to load the phonological loop),
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while participants studied tasks that described basic notions
of physics. The authors presented six tasks in text-only or
multimedia format in a within-subjects design. The pictures
represented the elements mentioned in the sentence, and the
causal and temporal relationships between them. Learning
outcomes tasks involved testing factual information that
was explicitly given in the text and involved testing stu-
dents’ ability to draw inferences from several sentences.
They found that performing the articulatory dual task inter-
fered with learning from text-only and learning from text
and pictures, indicating that text processing was hindered
in both conditions by the articulatory dual task. On the
other hand, the visuo-spatial dual task interfered with learn-
ing from text and pictures, however, not with learning from
text only, implying that performing the visuo-spatial dual
task interfered with picture processing, however, not with
text processing.
A study investigating working memory involvement dur-

ing procedural information processing was conducted by
Brunyé, Taylor, Rapp, and Spiro (2006). Learners studied
tasks that focused on how to assemble Kinder Egg™ toys
in text-only, multimedia (i.e. text and picture) and picture-
only formats. Learning outcomes tasks involved verifying
whether two sequence steps appeared in the correct temporal
order, describing each sequence and recalling in which for-
mat the procedure was studied. The results of Brunyé et al.
(2006) also showed that the visuo-spatial dual task interfered
with picture processing (in both the picture-only and multi-
media format); however, it did not interfere with text pro-
cessing. These findings seem to contradict our assumptions
at first view, because the authors used tasks that at first sight
seem to be ‘learning how’ tasks as described in the previous
sections. However, importantly, in these tasks, no interac-
tions between objects and body parts of the person
performing the actions were described or depicted.1 This im-
plies that their tasks may not have afforded imagery.
To summarise, Gyselinck et al. (2002) and Brunyé et al.

(2006) showed that performing a visuo-spatial dual task
interfered with picture processing, however, not with text
processing. These results imply that in ‘learning that’ tasks
and ‘learning how’ tasks that do not seem to afford imagery,
pictures are processed in the visuo-spatial sketchpad,
whereas text is not. However, it is still unclear whether the
involvement of working memory is the same when studying
‘learning how’ tasks that do afford mental imagery.

HYPOTHESES

The main purpose of this study was to investigate the in-
volvement of the visuo-spatial sketchpad when studying
‘learning how’ tasks that afford mental imagery. On the basis
of the assumptions and empirical results reported earlier, we
made the following predictions.

First, in line with previous empirical findings (e.g. Mayer,
2009), we expected pictures to be beneficial for learning (i.e.
a multimedia effect). Second, we expected the visuo-spatial
sketchpad to be involved in learning in both instructional
condition (as evidenced by interference of the dual task and
learning), but for different reasons: In the text-only
conditions, we expected the visuo-spatial sketchpad to be in-
volved because procedural-motor tasks should trigger mental
images (e.g. Fischer & Zwaan, 2008; Fogassi & Ferrari,
2011; Kosslyn et al., 2001; Postma & Barsalou, 2009;
Rizzolatti & Craighero, 2004), which are assumed to be
constructed in the visuo-spatial sketchpad (Baddeley, 1999).
In the multimedia condition, we expected the visuo-spatial
sketchpad to be involved because processing pictorial infor-
mation loads the visuo-spatial sketchpad (e.g. Gyselinck
et al., 2002; Kruley et al., 1994). Third, and most importantly,
we expected an interaction between the dual task and the in-
structional format, indicating that the visuo-spatial sketchpad
is less involved in processing text and pictures than in pro-
cessing text alone. This can be assumed because constructing
mental images from scratch should be more effortful than
processing an external representation such as a picture
(Larkin & Simon, 1987).

METHOD

Participants and design

Eighty-seven students from a Dutch university studied four
first-aid procedures. Five participants were excluded, as
dual-task performance showed that they had not followed
the instructions properly. Of the remaining 82 participants
(66 female and 16 male participants; M = 22.80 years,
SD = 3.05), 78% had no prior experience with first-aid in-
structions. The experiment had a 2 × 2 × 2 mixed design,
with presentation format (i.e. text-only vs. multimedia)
and dual task (i.e. with vs. without) as between-subject vari-
ables. We included time of testing (immediate vs. delayed)
as a within-subject variable to see whether effects were the
same for both immediate and delayed testing. Depending
on presentation format and dual task condition, participants
received (i) a text without dual task (n = 21), (ii) a text with a
dual task (n = 20), (iii) a multimedia instruction without dual
task (n = 21) or (iv) a multimedia instruction with a dual
task (n = 20). Learning outcomes were measured immedi-
ately after learning and again after 1 week. Participants were
randomly assigned to one of the four experimental
conditions and received either payment or course credit for
their participation.

Materials and measures

The procedural tasks were four first-aid instructions obtained
from the Orange Cross manual (Henny, 2006). First-aid
tasks were used as these tasks are procedural-motor tasks
and pictures depicted the actor’s body parts required to per-
form the actions. The tasks described (i) how to fold a sling
in supporting a broken arm across a patient’s chest, (ii) how
to roll a patient from the recovery position onto their back,
(iii) how to apply an easy-application bandage and (iv)

1 Similar multimedia tasks that merely describe a procedure are, for exam-
ple, operating a simulator (Booher, 1975), assembling a crane (Ellis,
Whitehill, & Irick, 1996), operating an oscilloscope (Braby, Kincaid, Scott,
& McDaniel, 1982), assembling a loading cart (Stone & Glock, 1981), op-
erating a computer programme (Gellevij, van der Meij, de Jong, & Pieters,
2002) and setting a radio (Fukuoka, Kojima, & Spyridakis, 1999).
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how to move an unconscious patient from areas of danger.
The tasks contained 4, 5, 10 and 12 steps and 52, 51, 114
and 107 words, respectively. In the multimedia instructions,
two or three pictures accompanied the text. In all tasks, the
steps, which are required to perform the procedure correctly,
and how these steps should be executed, were described in
the text. Pictures were photographs in which both the object
(i.e. the patient) and the person performing actions were
depicted. In the text, action-related words were used (e.g.
‘sit down in squat position with your feet at each side of
the patient and as close to the patient as possible’). Studying
the text alone allowed correct performance of the procedure.

The first-aid tasks were presented on a PC computer
(Hewlett-Packard, Houston, USA) with 22 in. monitor. In
the multimedia conditions, the text was presented to the left
of the pictures, whereas in the text-only conditions, the text
was presented in the middle of the monitor. The first-aid
tasks were presented in random order using E-PRIME v. 1.2
(Schneider, Eschman, & Zuccolotto, 2002). The dual task
used to load the visuo-spatial sketchpad during learning
was the foot-tapping task (e.g. Liefooghe et al., 2005;
Miyake et al., 2004; Service & Turpeinen, 2001). During
the foot-tapping task, participants tapped four pedals on the
floor with their right foot. They tapped one pedal per second
in clockwise order. The size of the pedals was 6 cm wide and
9 cm long. They were arranged in a rectangle, which was
27 cm wide and 32 cm long.

To test how much knowledge participants had obtained,
two retention tests were used. In the first test, which focused
on procedural-motor/implicit knowledge, participants exe-
cuted the first-aid tasks that they had studied using a first-
aid dummy. This dummy was sitting in a chair for the two
bandaging tasks and lying on the floor for the other two
tasks. Bandage materials were provided. Participants did
not receive any feedback on their performance. Performance
accuracy was measured by the proportion of steps that were
performed both correctly and in the correct order. Partici-
pants could score either 0 or 1 per step. The proportion of
correctly performed steps was calculated, resulting in one
score between 0 and 1. To assess the interrater reliability
for performance accuracy, two raters coded 20% of all
videos. Cohen’s kappa was 0.71. The remaining 80% of
the data were scored by a single rater only.

In the second test, which focused on declarative/explicit
knowledge, participants saw a picture from the studied task
and verbally described the steps that either preceded or followed
the depicted step. Description accuracy was measured by the
proportion of steps that were described both correctly and in
the correct order. Participants could score either 0 or 1 per step.
The proportion of correctly described steps was calculated,
resulting in one score between 0 and 1. To assess the interrater
reliability for description accuracy, two raters coded 20% of all
texts. Cohen’s kappa was 0.67. The remaining 80% of the data
were scored by a single rater only.

As control variables dual task performance, learning time
and prior knowledge were assessed. Dual task performance
was gauged by assessing the randomness of the tapping se-
quence and measuring the time between taps. As a measure
for randomness, the Phi-index was calculated using RGCalc
(Towse & Neil, 1998). This index is a measure of repetition

tendency and has a potential range between �100 (i.e.
non-randomness) and 100 (i.e. randomness; Towse & Neil,
1998). As participants were required to tap pedals in a pre-
defined sequence, a lower randomness score implies higher
performance. Furthermore, the time between taps on the foot
pedals was measured. As participants were required to tap
one pedal each second, the deviance in milliseconds from
1 second could be calculated. Here, negative values indicate
taps faster than 1 second, and positive values indicate taps
slower than 1 second. Moreover, we assessed learning time
to control for possible differences between groups regarding
time dedicated to the learning tasks.
To assess the participants’ prior knowledge concerning

first-aid procedures, they had to indicate whether they had
participated in a first-aid course (yes vs. no).

Procedure

Before the experiment started, participants gave their in-
formed consent. Then, they familiarised themselves with
performing a simple first-aid task that was unrelated to the
experimental learning tasks on a first-aid dummy. Partici-
pants received a written task on paper, which described in
three steps how to tilt a patient onto the side and back.
Participants in the text-only conditions received this training
task without a picture, whereas participants in the multime-
dia conditions received this task with a picture.
Subsequently, all participants answered a demographic

questionnaire (i.e. age, sex, education and prior knowledge
concerning first-aid procedures). Participants who had to
perform a dual task were instructed to press the foot pedals
in clockwise order and one pedal per second whilst studying
the learning material. They were informed that if they would
stop pressing the pedals for 5 seconds, a beep would remind
them to continue pressing the pedals. After these instruc-
tions, they practised the foot-tapping task for 1minute, while
hearing a metronome that indicated the length of a second.
Then, all participants were directed to study the four first-
aid tasks and were informed that after studying these tasks,
they would be tested on their acquired knowledge without re-
ferring back to the learning material. No time limit for studying
was set so that participants could continue with the next task,
by pressing a key on a keyboard, when they felt confident that
they had understood the task and remembered all information.
After learning the first-aid tasks, participants executed these
tasks using the first-aid dummy. During their performance,
participants’ actions were recorded with a video camera
from two angles. Also, a photograph was taken after the
easy-application bandage had been applied around the
first-aid dummy’s arm. After executing a first-aid task,
participants received a picture from the learning material
and described the preceding or subsequent steps. This
procedure was repeated for each task, in the same order as
they had been studied. One week later, students performed
the same learning outcome tests in the same order in the
same room. No time limits were set for executing the post-
tests. The first session took between 45 and 60minutes,
and the second session about 30minutes. Each participant
was tested individually.
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Data analyses

To investigate whether performing a dual task interfered
with processing ‘learning how’ tasks that afford mental im-
agery in a text-only or multimedia format, two mixed
ANOVAs were performed. The dependent variables for
these analyses were performance accuracy and description
accuracy. The between-subject factors were presentation for-
mat (text-only vs. multimedia) and dual task (with vs. without).
As within-subject factor, time of testing (immediate vs. de-
layed) was included. Partial eta-squared effect size is reported
for interactions and main effects. For partial eta-squared, 0.01,
0.06 and 0.14 correspond to small, medium and large effect
sizes, respectively (Cohen, 1988). For post-hoc pairwise com-
parisons, Cohen’s d is reported as a measure of effect size.
Here, 0.2, 0.5 and 0.8 correspond to small, medium and large
effect sizes, respectively (Cohen, 1988). To follow up on sig-
nificant interactions (p< .05), Bonferroni-adjusted pairwise
comparisons were conducted.

RESULTS

In a first step, we tested whether the experimental conditions
were similar with respect to the control variables assessed in
the study. The participants of the four groups did not differ
concerning age as revealed by a two-factorial ANOVA with
presentation format (i.e. text-only vs. multimedia) and dual
task (i.e. with vs. without) as independent variables, all Fs< 1.
Furthermore, the four groups did not differ concerning gender,
χ2(3) = 0.89, p= .83, or prior knowledge, χ2(3) = 1.36, p= .72.
A one-factorial ANOVA with presentation format as inde-

pendent variable revealed that learners performing a dual task
did not differ regarding randomness of the tapping sequence
(F< 1; text-only condition: M=�27.80, SD=6.11; multime-
dia condition,M=�29.37, SD=8.48; note that all participants
had negative values), nor for tapping time deviance (F< 1;
text-only condition: M=220.12, SD=98.96; multimedia con-
dition, M=210.18, SD=134.19), implying that participants
in both conditions performed the dual task equally well.
Regarding learning time, a two-factorial ANOVA with

presentation format and dual task as independent variables
revealed no main effects of dual task (F(1, 78) = 2.53,
p= .12, η2p = 0.03; without dual task: M= 109.36, SD = 44.45;
with dual task: M = 96.45, SD= 26.57) and presentation for-
mat (F< 1; text-only: M= 105.03, SD = 44.12; multimedia:
M= 101.10, SD = 29.06). Furthermore, no interaction
between presentation format and dual task was observed
(F(1, 78) = 2.18, p = .14, η2p = 0.03).

Main effects

Descriptive statistics of the dependent variables performance
accuracy and description accuracy are provided in Table 1.

The results showed a main effect of presentation format
for both performance accuracy and description accuracy, im-
plying that participants in the multimedia condition
performed and described the procedures correctly more often
than participants in the text-only condition [performance ac-
curacy: F(1, 78) = 37.61, p< .001, η2p = 0.33, text-only condi-
tion: M= 0.56, SD= 0.12; multimedia condition, M = 0.70,
SD = 0.11; description accuracy: F(1, 78) = 5.42, p = .02,
η2p = 0.07, text-only condition,M=0.33, SD=0.18; multimedia
condition: M=0.41, SD=0.18]. These results imply that a
multimedia effect was found for both dependent variables.
However, the main effects of presentation format were qualified
by interactions described subsequently.

The results also showed a main effect of dual task for both
performance accuracy and description accuracy, implying that
participants who did not perform the dual task performed and
described the procedures correctly more often than participants
who did perform the dual task [performance accuracy:
F(1, 78) = 21.93, p< .001, η2p = 0.22, without dual task:
M=0.69, SD=0.12; with dual task, M=0.58, SD=0.11; de-
scription accuracy: F(1, 78) = 13.97, p< .001, η2p = 0.15, with-
out dual task: M=0.44, SD=0.19; with dual task, M=0.30,
SD=0.17]. However, the main effect of dual taskwas qualified
by interactions described subsequently.

The results did not show a main effect of time of testing for
performance accuracy (F(1, 78) = 2.65, p= .11, η2p = 0.03) but
did show a main effect of time of testing for description accu-
racy, F(1, 78) = 30.88, p< .001, Cohen’s d=0.49, implying
that description accuracy was larger for immediate (M=0.41,
SD=0.19) than for delayed testing (M=0.32, SD=0.18).

Two-way interactions

The results showed a significant two-way interaction between
presentation format and dual task for performance accuracy,
F(1, 78) = 9.84, p< .01,η2p = 0.11, however, not for description
accuracy, F(1, 78) = 2.37, p= .13, η2p = 0.03. Bonferroni-
adjusted pairwise comparisons showed that performing a dual
task interfered with information processing during learning
with text alone (p< .001, η2p = 0.28, Cohen’s d=1.51; text-
only without dual task: M=0.65, SD=0.13; text-only with
dual task: M=0.47, SD=0.11) but did not interfere with
information processing during learning with multimedia
(p= .28, η2p = 0.02, Cohen’s d=0.37; multimedia without dual

Table 1. Means and standard deviations (in parentheses) for performance accuracy and description accuracy as a function of dual task, pre-
sentation format and time of testing

Without dual task With dual task

Text only Multimedia Text only Multimedia

Performance accuracy in proportion correct Immediately after learning 0.63 (0.13) 0.73 (0.10) 0.43 (0.10) 0.69 (0.12)
One week later 0.67 (0.13) 0.70 (0.11) 0.51 (0.11) 0.67 (0.10)

Description accuracy in proportion correct Immediately after learning 0.50 (0.23) 0.47 (0.17) 0.25 (0.16) 0.43 (0.18)
One week later 0.35 (0.18) 0.43 (0.17) 0.20 (0.16) 0.31 (0.19)
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task: M=0.72, SD=0.11; multimedia with dual task:
M=0.68, SD=0.11).

The results also showed a significant two-way interaction be-
tween presentation format and time of testing for performance
accuracy, F(1, 78) = 14.97, p< .001, η2p = 0.16, but not for de-
scription accuracy, F< 1. Bonferroni-adjusted pairwise com-
parisons for performance accuracy showed that the multimedia
effect was smaller for delayed testing than for immediate testing
(immediate: p< .001, η2p = 0.40, Cohen’s d=1.58; text-only:
M=0.53, SD=0.12; multimedia:M=0.71, SD=0.11; delayed:
p< .001, η2p = 0.16, Cohen’s d=0.88; text-only: M=0.59,
SD=0.12; multimedia: M=0.69, SD=0.11).

The results did not show a significant two-way interaction
between dual task and time of testing [performance accuracy:
F(1, 78) = 1.62, p= .21,η2p = 0.02; description accuracy: F< 1].

Three-way interactions

The results showed a significant three-way interaction
between presentation format, dual task and time of testing
for description accuracy, but not for performance accuracy
[performance accuracy: F< 1; description accuracy:
F(1, 78) = 7.27, p = .01, η2p = 0.09]. Bonferroni-adjusted
pairwise comparisons for description accuracy showed that
for immediate testing, performing a dual task affected learn-
ing outcomes only when learning with text alone (text-only:
p< .001, Cohen’s d= 1.28; without dual task: M = 0.50,
SD = 0.23; with dual task: M = 0.25, SD = 0.16; multimedia:
p = .47, Cohen’s d = 0.23; without dual task: M = 0.47,
SD = 0.17; with dual task: M = 0.43, SD = 0.18). However,
for delayed testing, performing a dual task affected learning
outcomes both when learning with text alone and when
learning with multimedia (text-only: p= .01, Cohen’s
d = 0.89; without dual task: M = 0.35, SD= 0.18; with dual
task: M= 0.20, SD= 0.16; multimedia: p= .03, Cohen’s
d = 0.67; without dual task: M = 0.43, SD= 0.17; with dual
task: M = 0.31, SD= 0.19). When looking at this three-way
interaction from a different point of view (Figure 1), the
Bonferroni-adjusted pairwise comparisons showed that there

was a multimedia effect only for participants who learned
with dual task immediate after learning (immediate/without
dual task: p= .71, Cohen’s d= 0.15; immediate/with dual
task: p< .01, Cohen’s d= 1.07; delayed/without dual task:
p = .15, Cohen’s d= 0.46; delayed/with dual task: p = .06,
Cohen’s d= 0.63).

DISCUSSION

The aim of the present study was to investigate whether the
affordance for mental imagery in procedural-motor tasks
(e.g. Fischer & Zwaan, 2008; Fogassi & Ferrari, 2011;
Kosslyn et al., 2001; Postma & Barsalou, 2009; Rizzolatti
& Craighero, 2004) has consequences for the processing of
learning materials that consists of text only, or text and pic-
tures in working memory. We focused on the role of the
visuo-spatial sketchpad, because mental images and pictures
are both assumed to be processed in this part of working
memory (Baddeley, 1999).
The learning tasks used in this study described procedural-

motor information concerning the position and movement of
a person’s body parts required to perform first-aid actions on
a patient and were presented with text only, or with text and
pictures. The dual task approach (i.e. learning with vs. with-
out dual task) was used to assess the involvement of the
visuo-spatial sketchpad during learning. Performance of the
first-aid tasks was measured by performance accuracy,
focusing on procedural-motor/implicit knowledge, and by
description accuracy, focusing on declarative/explicit knowl-
edge. Learning outcomes were measured immediately after
learning and after 1week. Additionally, dual-task perfor-
mance and learning time were assessed to control for
possible trade-offs between these variables and learning
outcomes. No differences between groups were observed re-
garding dual-task performance and learning time, indicating
that there was no trade-off between online and offline
measures.
The results showed a multimedia effect for both learning

outcome measures. However, for performance accuracy
and for immediate testing of description accuracy, the results
also showed that performance decreased when learning with
text only because of performing the dual task, whereas per-
formance was unaffected when learning with multimedia.
Accordingly, the dual task interfered to a large extent with
information processing during learning with text only but
did not interfere with information processing during learning
with multimedia. This implies that the visuo-spatial
sketchpad was highly involved when learning with text only.
These results are in contrast to previous research by
Gyselinck et al. (2002), and Brunyé et al. (2006), who found
that performing a visuo-spatial dual task interfered with pic-
ture processing whereas text processing did not.
A possible explanation for this discrepancy is that their

tasks and our tasks differ in the degree to which the tasks
afforded imagery. The tasks of Gyselinck et al. (2002) and
Brunyé et al. (2006) probably did not afford imagery, as their
tasks did not depict actions or did not depict actor’s body
parts required to perform the actions. In contrast, our ‘learn-
ing how’ tasks appear to have afforded mental imagery as

Figure 1. Means for the text-only and multimedia conditions for
description accuracy as a function of time of testing and dual task

(error bars represent standard deviations)
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they depicted the actor who performed actions on objects
(i.e. patient). This could explain why in previous studies no
evidence for the involvement of the visuo-spatial sketchpad
during learning with text only was found. Taken together,
this suggests that the role of the visuo-spatial sketchpad is
different for learning with text only when tasks afford imag-
ery compared with tasks that do not afford imagery.
In contrast to our assumptions, both for performance and

immediate testing of description accuracy, the results
showed that performing the dual task did not interfere at all
with information processing when learning with multimedia.
These results also differ from results obtained by Gyselinck
et al. (2002), and Brunyé et al. (2006), who found that
picture processing does require cognitive resources of the
visuo-spatial sketchpad. A possible explanation for this dis-
crepancy could be that the presentation of pictures in our
study substituted the need for mental imagery and therefore
strongly reduced the amount of cognitive resources of the
visuo-spatial sketchpad required to understand the task.
Furthermore, the results for performance accuracy

showed that the multimedia effect decreased over time. A
similar pattern was found for description accuracy
(multimedia effect with immediate testing, no multimedia
effect with delayed testing) but only for participants who
learned with dual task—no multimedia effect was found
for participants learning without dual task. The effects of
time of testing in this study have to be interpreted with care.
First, participants were tested twice. According to the test-
ing effect, retrieving information from memory positively
influences memory for the task at a later time point (Carrier
& Pashler, 1992) and therefore might also have affected
performance after 1 week. Second, participants who learned
with text only saw a picture from the learning material dur-
ing the description post-test. As participants who learned
with multimedia already saw the picture during the learning
phase, this picture may have positively influenced memory
for the task only for participants who learned with text only
and therefore may have affected their performance after
1 week. If this explanation is correct, this also shows that
pictures are beneficial to learning. In this study, it is impos-
sible to assess how these issues affected the pattern of
results in each experimental condition.
Finally, the results for performance accuracy and descrip-

tion accuracy do not show exactly the same pattern of re-
sults. For example, the results for description accuracy did
not show a multimedia effect for participants who learned
without dual task. A possible explanation for this missing
multimedia effect is that, when ‘learning how’, pictures are
suitable to convey procedural-motor/implicit knowledge, as
gauged by performance accuracy, however, are less suitable
to convey declarative/explicit knowledge, as gauged by de-
scription accuracy.

Limitations and future research

One limitation of the conducted study lies in the fact that we
used only tasks describing ‘learning how’ but no tasks de-
scribing ‘learning that’. Using both kinds of tasks in one ex-
periment (i.e. as independent variable) can provide much
stronger evidence that the observed interference between

the spatial motor dual task and processing text only is unique
to tasks with high imagery affordance (i.e. procedural-motor
tasks). Therefore, future studies should include causal as
well as procedural tasks, which should ideally only differ re-
garding their affordances for imagery but are nonetheless
comparable regarding other variables, which might also in-
fluence learning outcomes (e.g. text difficulty, text–picture
correspondence and number of propositions).

Another drawback of the conducted study lies in the fact
that we did not use another dual task to be able to differenti-
ate between the general impacts of performing a dual task on
learning outcomes versus the specific impact of performing a
dual task that taps on the respective subsystems of working
memory. One might argue that it is possible to make the a
priori assumption that spatial motor dual tasks interfere with
information processing in the visuo-spatial sketchpad, be-
cause there is a large corpus of evidence in the context of
working memory research, indicating that spatial motor
dual tasks interfere with information processing in the
visuo-spatial sketchpad and do not interfere with information
processing in other working memory subsystems (e.g. Farmer
et al., 1986; Postle, Idzikowski, Della Sala, Logie, & Baddeley,
2006; Quinn & Ralston, 1986). Nonetheless, we think that
using another dual task would strengthen our results, especially
because we used procedural learning tasks in our study,
which—to our knowledge—have never been used in combina-
tions with the secondary task paradigm before.

A third drawback of the reported study lies in the fact that
we conducted only one single experiment. Thus, the current
paper is only a first contribution to the question whether the
affordance for mental imagery in procedural-motor tasks has
consequences for the processing of learning materials that
consist of text alone, or text and pictures in working memory.

Moreover, from a theoretical point of view, the question
whether pictures are processed at ‘zero costs’ (Larkin &
Simon, 1987, p. 92) cannot be answered with complete
confidence from this experiment. Therefore, it is essential
that future research investigates the involvement of the
visuo-spatial sketchpad in multimedia learning tasks focus-
ing on ‘learning how’ that afford imagery to different extents
or by instruction participants to apply imagery.

Overall, the results of the reported experiment provide
first evidence that pictures are beneficial when ‘learning
how’, because they reduce the cognitive effort that is
required to understand the procedural learning material. By
reducing the required cognitive effort for processing one part
of the learning task, more effort can be spent on other parts
of the learning task. Even though Carney and Levin (2002)
argued that presenting pictures is superfluous when text
elicits mental images in students, the results from this study
suggest that using pictures when a task affords imagery can
facilitate understanding of the learning material.

To conclude, pictures seems to be beneficial to learn-
ing, as pictures in tasks that focus on ‘learning how’ omit
the need to engage in imagery and therewith reduce the
cognitive effort that is required to understand the learning
material. However, it should be noted that this is espe-
cially the case when tasks afford imagery by describing
the position and movement of an actor’s body parts re-
quired to perform actions.
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