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Abstract 

The split-attention principle states that 
when designing instruction, including mul
timedia instruction, it is important to 
avoid formats that require learners to split 
their attention between, and mentally in
tegrate, multiple sources of information. 
Instead, materials should be formatted so 
that disparate sources of information are 
physically and temporally integrated thus 
obviating the need for learners to en
gage in mental integration. By eliminat
ing the need to mentally integrate multiple 
sources of information, extraneous work
ing memory load is reduced, freeing re
sources for learning. This chapter provides 
the theoretical rationale, based on cog
nitive load theory, for the split-attention 
principle, describes the major experiments 
that establish the validity of the princi
ple, and indicates the instructional de
sign implications when dealing with multi
media materials. 

Definition of Split-Attention 

Instructional split-attention occurs when 
learners are required to split their atten
tion between and mentally integrate sev
eral sources of physically or temporally dis
parate information, where each source of 
information is essential for understanding 
the material. Cognitive load is increased by 
the need to mentally integrate the multi
ple sources of information. This increase in 
extraneous cognitive load (see chapter 2) is 
likely to have a negative impact on learn
ing compared to conditions where the infor
mation has been restructured to eliminate 
the need to split attention. Restructuring 
occurs by physically or temporally inte
grating disparate sources of information to 
eliminate the need for mental integration. 
The split-attention effect occurs when learn
ers studying integrated information outper
form learners studying the same information 
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A F B 
~------~----------~ 

Task: In the above diagram find the value of angle BFE when 

line AB is parallel to line DC 

Angle BCD = 11 0° 

Angle BEF = 50° 

Solution: 

Angle FBE = 180 -110 = 70° (Co-interior angles between parallel lines sum to 180°) 

Angle BFE = 180 - 50 -70 (Angles in a triangle sum to 180) 

=60°. 

Figure 8.1. Split-attention in a geometry worked example. 

presented in split-attention format. The 
split-attention principle flows from the split
attention effect. It states that when pre
senting disparate sources of information that 
must be mentally integrated in order for the 
information to be understood, those sources 
of.infc:>rmation should be presented in inte
grated format. 

Examples of the Split-Attention Effect 

The different sources of information that 
cause split-attention vary. For example, the 
sources can be text and text, or text and 
mathematical equations, or different forms 
of multimedia. Using Mayer's definition of 
multimedia as "the presentation of materials 

using both words and pictures" (Mayer 2001, 

p. 1) it can be seen that split-attention will 
frequently occur using multimedia as there 
will always be at least two sources of infor
mation involved. 

Figure 8.1 demonstrates an example of 
materials that include a requirement to split 
attention in the mathematical domain of ge
ometry. In Figure 8.1 the diagram is sepa
rated from the solution that explains how 
the task (find Angle BFE) is completed. 
Neither source of information makes sense 
without the other. The diagram provides no 
solution information and the solution in
formation is unintelligible without the dia
gram. To understand this worked example, 
a learner will be forced to integrate many 
pieces of information. Initially; learners will 
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have to locate the given information (the 
parallel lines and the two angles) on the di
agram. If the learner can write this informa
tion on the diagram then split-attention only 
occurs once at this stage. However, to fol
low the two steps to solution, learners have 
to mentally integrate these steps with spe
cific angles and geometrical configurations 
in the diagram. This requirement to split at
tention between the diagram and text fol
lowed by mental integration is a classic ex
ample of split-attention. If the learner is a 
novice, possessing few developed schemas in 
this domain, it might be expected that sub
stantial cognitive resources will need to be 
devoted to splitting attention between the 
disparate sources of information and men
tally integrating them. 

To avoid split-attention, researchers have 
successfully employed the strategy of phys
ically integrating the various sources of in
formation. Figure 8.2 demonstrates how the 
two parts (diagram and text) of the worked 
example in Figure 8.1 have been integrated. 
First, the given information on angles and 
parallel lines are drawn on the diagram. Par
allel lines are represented by the universal 
symbol of the two arrows, and the two an
gles HOO and 50° are marked. Second, the 
two steps to solution are written on the dia
gram at the precise location where the values 
for the angles are calculated thus eliminat
ing the need for the learner to keep refo
cusing attention from diagram to text and 
vice versa. Searching for referents in multi-

A F 

D 

pIe sources of information is likely to be a 
major source of extraneous cognitive load. 
The order in which the solution steps are 
calculated, are also marked on the diagram 
and indicated by the numbers 1 and 2. As 
a consequence of this physical integration, 
the need for mental integration is reduced 
and extraneous cognitive load is kept to 
a minimum. 

Basic Research Into the 
Split-Attention Effect 

The initial research into the split-attention 
effect was conducted by Tarmizi and Sweller 
(1988) who investigated the effectiveness 
of worked examples on learning geometry. 
Prior to this study, worked examples (see 
chapter 1 5) had proven to be highly effec
tive for learning algebra (Cooper & Sweller, 
1987; Sweller & Cooper, 1985) and in 
other mathematical domains (Zhu & Simon, 
1987). However, in their initial experi
ments, Tarrnizi and Sweller found that nei
ther worked examples nor guided solutions 
(highly directed but not a full worked exam
pIe) enhanced performance compared with 
conventional problem-solving strategies. 

The failure of worked examples in ge
ometry was initially perplexing. However 
Tarmizi and Sweller reasoned that the 
format of the worked examples, a dia
gram followed by the solution steps (Fig
ure 8.1 provides an example), must increase 

C 

B 

1. Angle FB = 180 - 110 = 70° 
(Co-jnte or angles between 
paralle ines sum to 180°) 

Figure 8.2. Integrated worked example of a geometry problem. 
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cognitive load. In particular, they argued 
that the source of increased cognitive load 
was the requirement for learners to men
tally integrate the two sources of informa
tion (diagram and textual solutions) that 
had split their attention. They further hy
pothesised that if diagrams and texts were 
integrated, then split-attention would be 
avoided leading to effective worked ex
amples. In the final two experiments of 
this study, Tarmizi and Sweller successfully 
showed that learners who studied integrated 
worked examples performed at a superior 
level (fewer errors and quicker solution 
times) compared to learners who followed a 
conventional problem-solving strategy dur
ing acquisition. 

Researchers sought to test these findings 
in other domains following the identifica
tion of the split-attention effect and the 
success of integrated material in the ge
ometry domain. Sweller, Chandler, Tierney, 
and Cooper (1990) reproduced the Tarmizi 
and Sweller findings using coordinate ge
ometry materials. Again, traditionally struc
tured worked examples in this domain have 
used a diagram associated with solution 
steps next to or under the diagram. Using 
this format, as indicated previously, learn
ers are forced to search for the location 
of referents in either the diagram or the 
text and that search process requires work
ing memory resources. Sweller et al. (1990) 
found that learners studied worked exam
ples formatted in the traditional way per
formed no better than learners required to 
solve a conventional problem. In contrast, 
learners who studied an integrated worked 
example format where steps to the solu-

-tion were written on the diagram at loca
tions design,ed to reduce unnecessary search, 
performed significantly better than learners 
studying conventionally structured worked 
examples or solving problems. Furthermore, 
as might be expected, these results were 
not restricted to instruction using worked 
examples. In further experiments, Sweller 
et al. found that initial instructions pre
sented in an integrated format were superior 
to the same instructions presented in a split
attention format. 

Additional evidence of the split-attention 
effect and how it could be avoided was pro
vided by Ward and Sweller (1990) in the area 
of physics. Using mechanics problems based 
on the formulae associated with constant 
acceleration, Ward and Sweller found that 
worked examples compared poorly with a 
problem-solving strategy. Following on from 
the earlier research of Tarmizi and Sweller, 
Ward and Sweller reasoned that the worked 
examples were structured using a format 
that promoted split-attention. Figure 8.p 
depicts a worked example in dynamics fol
lowing the traditional textbook format. The 
problem statement and the initial given 
states are presented first followed by the ap
propriate formulae and the solution steps. 
Using this structure, the learner has to men
tally integrate the problem statement, the 
initial givens, the formula, and the solu
tion steps at various points. In contrast Fig
ure 8.3 b demonstrates how this informa
tion can be integrated physically to reduce 
split-attention. The key to this integration 
is to place the algebraic variables (e.g., v) 
immediately next to their numeric values 
to reduce search for the appropriate refer
ents and to complete the algebraic manipu
lation and substitution before the question is 
stated to reduce the problem-solving search 
associated with a problem goal. Employing 
this integration strategy, Ward and Sweller 
successfully showed that integrated worked 
examples were superior to both a problem
solving strategy and to studying convention
ally structured worked examples. 

The three studies described all contained 
problems that required mathematical solu
tions. However, during this early period of 
research into the split-attention effect, evi
dence was also collected in nonmathemat
ical domains. Chandler and Sweller (1991) 
found that instructional materials designed 
for electrical apprentices contained many 
cases of split-attention. For example, in 
learning about the installation of electrical 
wiring, instructions invariably included di
agrams of electrical circuits separated from 
written explanations on how the circuits 
worked. By integrating texts and diagrams, 
Chandler and Sweller demonstrated that the 
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a) 

A car moves from rest to a speed of 40mls in 20 seconds. What is the 

acceleration of the car? 

u = 0 mis, v = 40 mis, t = 20 s 

v=u+at 

v-u=at 

a=(v-u)/t 

a = (40-0)/20 

b) 

A car moves from rest (u = 0) to a speed (v = 40mls) in 20 seconds (t = 20): 

v = u + at, v - u = at, a = (v - u)/t, a = (40-0)/20, a = 2 mls2• What is the 

acceleration of the car? 

Figure 8.3. Split-attention and integrated dynamics problem. 

split-attention effect could be avoided, re
sulting in superior performance by the inte
grated design group. 

As part of this study, Chandler and 
Sweller also conducted an experiment using 
a topic in biology. Students were required to 
learn how blood flowed through the heart 
and lungs. In this experiment instructions 
that integrated both diagrams and text were 
not found to be superior to instructions that 
kept diagrams and text separate. In this ex
periment, a third group that received their 
instructions in the form of a diagram only, 
learned the most. In this case, information on 
the diagram and in the text relayed the same 
information, although presented in a differ
ent form. Consequently, information was re
dundant in one form or the other - both 
were not needed to understand the materi
als. Redundancy is discussed in detail in chap
ters 10 and 12. The diagram-only treatment 
used in the biology experiment by Chandler 

and Sweller (1991) was superior to the in
tegrated format because redundant material 
was excluded. 

It must be strongly emphasised that the 
logical relation between sources of informa
tion is critical for the split-attention effect. 
The effect can only be obtained when mul
tiple sources of information are essential for 
understanding and so cannot be understood 
in isolation. If multiple sources of informa
tion provide the same information in differ
ent forms and so are redundant, integrating 
them is not beneficial (see chapter 10). 

Substantial work on multimedia associ
ated with the split-attention principle has 
been carried out by Richard E. Mayer. Al
though Mayer has focused more generally 
on how illustrations and animations facili
tate learning, his research has also extended 
the knowledge base on split-attention and 
other cognitive load theory phenomena par
ticularly in the computer domain. 
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Early work by Mayer (1989) indicated 
that including illustrations in expository sci
entific text has clear advantages. In two 
experiments, Mayer demonstrated that la
belled illustrations during instruction were 
particularly effective. Mayer found that pro
viding pictures without labels or labels 
without pictures were inferior to providing 
both together. Mayer concluded: " ... with
out a coherent diagram that integrated the 
information, students performed relatively 
poorly on problem solving" (p. 244). It is 
notable in this study that Mayer identified 
the importance of integrated information. 
While this work was not directly concerned 
with the split-attention effect, inspection of 
Mayer's diagrams clearly shows that both the 
labels and the text are presented in a fashion 
so as to avoid split-attention. 

Although Mayer (1989) did not compare 
integrated with nonintegrated information 
directly, a later study did. In developing a 
generative theory of textbook design, Mayer, 
Steinhoff, Bower, and Mars (1995) argued 
that an important step for meaningful learn
ing to occur was to build connections be
tween pictorial and verbal representations. 
Furthermore they argued that this was more 
likely to occur when text and illustrations 
were presented contiguously (p. 33) on the 
page rather than separately. To test this hy
pothesis, a series of experiments was de
signed around instruction on how lightning 
worked. In this study, undergraduates with 
varying knowledge about lightning were ran
domly assigned to either an integrated group 
or a separated group. Students in the inte
grated group received a 60o-word text on 
one page and five illustrations about how 
lightning worked on a facing page in the 
same booklet~ Each illustration, which also 
contained label's and a caption, was placed 
next to the corresponding paragraph that de
scribed it. In contrast, the separated group 
received the same 60o-word text and illus
trations (without labels and captions) in sep
arate booklets. The results from this study 
showed that students who received the inte
grated materials performed at a higher level 
on problem-solving tasks than students who 
received separated materials. However, this 

difference was only observed using students 
with a low knowledge base prior to com
mencing the trial. For students with a greater 
understanding of meteorology, no difference 
was found between the two groups. 

Cognitive load theory can explain the 
Mayer et al. (1995) results in terms of the 
split-attention effect. All students in the sep
arated group were forced to integrate in
formation from two physically separated 
sources, which was cognitively demanding. 
Students with little knowledge in the do
main were unable to access schemas that 
could help reduce these demands, result
ing in a poorer performance than students 
who followed the less demanding format 
(information already integrated). However, 
students with more knowledge, had readily 
available schemas that reduced the demands 
made by split-attention. 

Further evidence of the beneficial effects 
of presenting verbal and visual materials in 
an integrated format came from Moreno and 
Mayer (1999). In a computer-based envi
ronment using meteorological tasks, Mayer 
and Moreno showed that the separation of 
text and diagram didn't have to be on dif
ferent pages or substantially removed from 
each other to produce a split-attention ef
fect. Differences could be quite subtle. On 
tests of verbal recall and transfer, an inte
grated format group outperformed a sepa
rated format group. Although the text was 
short and the diagrams were straightfor
ward, the separated group was forced to ex
pend more cognitive resources than the in
tegrated group to assimilate the informa
tion. A further finding in this study was 
that students who received illustrations with 
no written text at all, but with a concur
rent narration, performed at a higher level 
than the other two groups. This is an ex
ample of the modality effect (discussed in 
chapters 9 and 11). 

Over a number of studies, Mayer and 
his colleagues have collected evidence that 
integrating words and pictures leads to su
perior learning compared with a more spa
tially remote multimedia design. These find
ings have led Mayer (2001) to formulate the 
spatial contiguity principle: "Students learn 
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better when corresponding words and pic
tures are presented near rather than far from 
each other on the page or screen" (p. 81). 
This principle is one of seven that consti
tutes Mayer's cognitive theory of multime
dialearning (for more detail see Mayer, 2001, 
p. 184). The results found by Mayer are also 
in accord with cognitive load theory. Iflearn
ers are forced to engage in a search for refer
ents because words are separated from pic
tures or diagrams in a book or on a page or 
screen, then cognitive resources may be di
verted from learning. Search processes will 
increase extraneous cognitive load. The need 
to search is reduced by integrating words 
and pictures, thus decreasing load and incre
asing learning. 

E-Learning and the 
Split-Attention Effect 

The basic research into the split-attention ef-
, fect identified many learning environments 
where integrated rather than split-source in
formation should be used. Potentially, any 
instructional material that contained more 
than one source of information was a can
didate for integrating split-source informa
tion. However, the initial research focused 
on materials that were presented solely us
ing paper-based media. When researchers 
turned their attention to learning in a com
puter environment (e-Iearning) the research 
base was significantly expanded. 

In the initial days of the computer revo
lution, learning how to use computer and/or 
computer applications relied heavily on 
an accompanying computer manual. Such 
manuals are still common although largely 
for economic reasons, screen-based informa
tion is now increasingly popular. Typically, 
computer manuals contain instructions that 
the reader must follow while attending to 
information on the computer screen while 
using a keyboard and mouse. In these situ
ations, split-attention between the manual, 
computer, and keyboard seems inevitable. 

The first to demonstrate the split
attention effect caused by the simultane-

ous use of both manual and computer-based 
information were Sweller and Chandler 
(1994) and Chandler and Sweller (1996). 
In the 1994 study, Sweller and Chandler 
tested a conventional method of learning 
a computer application against an inte
grated approach designed to reduce split
attention. For the conventional method, 
students were required to learn a computer
aided design/computer-aided manufacture 
(CAD/CAM) package using both a manual 
and a computer. This conventional proce
dure required a number of mental integra
tions among the instructions in the man
ual, use of the keyboard, and displays on the 
computer. To reduce split-attention, the in
tegrated group received all their instructions 
in a modified manual. No computers or their 
keyboards were used, instead, the screen 
and keyboard were replaced by diagrams in 
the manual. Furthermore, to reduce split
attention within this medium, text and di
agrams were fully integrated, requiring stu
dents to follow a number of ordered steps. 
In a direct comparison based on a postacqui
sition test that included use of the hardware, 
the group following the integrated approach 
using no hardware was found to be superior 
to the conventional group, suggesting that 
the simultaneous use of a manual and com
puter created a split-attention effect. That 
effect resulted in students who had had prac
tice using the hardware demonstrating less 
proficiency in hardware use than students 
who had learned without direct access to the 
relevant equipment. 

In a second study Chandler and Sweller 
(1996) reproduced this result, again demon
strating that fully integrated instructions on 
a computer application presented on paper 
alone were superior to simultaneously using 
a computer. Practice using the computer 
was far less important than properly for
matted instructions presented on paper. 
Over the two studies, Chandler and Sweller 
demonstrated the effect using a num
ber of different materials. However, these 
studies also identified the critical impor
tance played by element interactivity (see 
chapter 2). Element interactivity refers to 
the number of elements that must be 
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simultaneously processed in working mem
ory in order to understand the information. 
Materials low in element interactivity are 
easy to learn because they keep working 
memory demands to a minimum. In con
trast, materials high in element interactiv
ity are more complex and place more de
manding loads on working memory. Element 
interactivity affects intrinsic cognitive load, 
whereas the split-attention effect is consid
ered extraneous cognitive load because it is 
created by the format of the instructional 
materials (chapter 2). 

In two studies, Chandler and Sweller 
found that the split-attention effect only oc
curred when the materials were high in el
ement interactivity. Secondary tasks were 
used to measure cognitive load where a sec
ondary task consists of, for example, re
sponding to a sound while engaged in the 
primary task, in this case learning the com
puter application. A high cognitive load on 
a primary task should depress performance 
on a secondary task (e.g., see Brunken, 
Plass, & Leutner, 2003). Measures of cog
nitive load using secondary tasks clearly in
dicated that the split-attention effect was 
first, caused by cognitive load effects and 
second, only obtainable under conditions 
of high intrinsic cognitive load caused by 
high levels of element interactivity. Clearly, 
in these computer environments, the in
teraction between intrinsic and extraneous 
cognitive load is extremely important. For 
very simple tasks, such as adding data to 
a spreadsheet cell using the computer and 
manual simultaneously, split-attention may 
have little effect because of low element in
teractivity. An inadequate instructional for
mat - may ,not overload working memory 
if the intrimsic cognitive load associated 
with the task is low. For tasks high in el
ement interactivity, such as completing a 
complicated spreadsheet formula, a split
attention format will have a negative im
pact on learning. The addition of a heavy 
working memory load due to high element 
interactivity and due to split-attention may 
be overwhelming. 

The Chandler and Sweller results de
scribed so far may appear controversial or 

counterintuitive, as they appear to suggest 
that the best way to learn about computers is 
not to use one. However, as these authors ar
gued, the integrated noncomputer approach 
was best suited to learning computer skills 
at the very early stages. Obviously, we need 
to use computers at some stage and indeed, 
Chandler and Sweller (1996) made the fol
lowing point about the strategy: "It can be 
suggested that, under some circumstances, 
the removal of computing equipment dur
ing critical phases of learning may provide 
considerable benefit" (p. 168). 

Following the success of the integrated 
manual approach, Cerpa, Chandler, and 
Sweller (1996) reasoned that its effective
ness could plausibly be caused by differences 
in the media rather than split-attention; 
that is, paper-based material enhances learn
ing compared with electronic versions, al
though there were no theoretical grounds 
for this explanation. Consequently, Cerpa 
et al. devised a study to test this possibility. 
Instead of integrating the materials on paper, 
a fully integrated package was constructed 
on the computer. Working in the domain 
of spreadsheet learning, students were re
quired to acquire a number of skills ranging 
from selecting cells, rows, and columns to 
using functions and entering formulae. An 
integrated design was constructed by insert
ing all the instructions into the software at 
the appropriate points, thus reducing the ef
fects of split-attention. One group of stu
dents received instructions in this integrated 
mode and were compared with a second 
group who received a traditional instruc
tional package of manual and computer. 

On test questions following the in
structions, the integrated ( computer-only) 
group significantly outperformed the split
attention group (computer plus manual). 
However, this difference was only found on 
test questions tapping knowledge that was 
high in element interactivity, such as cre
ating a formula. On low element interac
tivity tasks such as selecting a row, no dif
ferences were found between groups. The 
results from this study eliminated the pos
sibility that print media were superior to 
an electronic medium, and provided further 
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evidence to support the split-attention ef
fect and the role played by element inter
activity. The study also demonstrated that 
computers could be used effectively pro
vided the split-attention effect was avoided. 
It is also worth noting at this point that 
Cerpa et al. employed a third group in 
the study that received both a computer
based instructional package and a manual. 
This group also proved to be inferior to the 
computer-based-only group because of re
dundancy (see chapter 10). 

Temporal Versions of the 
Split-Attention Principle 

The split-attention examples described all 
have one thing in common: The various 
sources are physically separate. Regardless 
whether the cause of split-attention is text 
and a diagram, or computers and a manual, 
the two different sources of information are 
physically separate in a manner that requires 
search in order to locate relevant referents. 
It is that act of search that imposes an extra
neous cognitive load. 

Physical separation is not the only form 
of separation generating unnecessary search. 
Multiple sources of information that must 
be integrated before they can be understood 
can also be separated in time, resulting in 
temporal separation. It is reasonable to sup
pose that temporal separation also generates 
an extraneous cognitive load for exactly 
the same reasons as physical separation. 
Learners must unnecessarily find referents 
between separated sources of information, 
in this case temporal separation, and that 
requirement to mentally coordinate multi
ple sources of information requires working 
memory resources. Temporal integration, 
that is, simultaneously presenting multiple 
sources of information that must otherwise 
be mentally integrated before they can be 
understood, should reduce the need for 
mental integration and so reduce extraneous 
cognitive load. A comparison of temporally 
separate and integrated instruction should 
yield evidence of superior learning under 

integrated conditions yielding a temporal 
version of the split-attention effect. As indi
cated previously; Mayer and his colleagues 
have researched the phenomena associated 
with presenting diagrams and text together 
during instruction but in addition, have 
considered the consequences of temporal 
rather than spatial versions of the split
attention effect. 

Mayer (2001) called this principle the 
temporal contiguity principle: "Students learn 
better when corresponding words and pic
tures are presented simultaneously rather 
than successively" (p. 96). So far, all in
structional materials reported in this chap
ter, have engaged the learner in the visual 
medium only. However, the temporal con
tiguity principle extends the split-attention 
theory to include sound. Since the invention 
of the modem cinema, pictures and the spo
ken word have been presented together to 
provide instruction on a film screen, a tele
vision screen, and more recently, on a com
puter screen (although we must not forget 
that teachers have been reading to their stu
dents, while simultaneously presenting pic
tures or demonstrating skills for considerably 
longer). Consequently; how sounds and pic
tures should be presented is also an impor
tant consideration. 

Mayer (2001) argued that because of 
the limitations of working memory; words 
and pictures should not be separated tem
porally. For example, consider the case of 
a computer-based multimedia presentation 
where a narration episode is followed by an 
animation episode, which depicts the con
tent of the narration. To understand fully 
what both episodes mean, the learner must 
hold some or all of the narration in work
ing memory and then integrate this narration 
with the animation. Furthermore, if the nar
ration is long, then information may be lost 
without constant rehearsal, or even be too 
large to assimilate in the first instance. 

Mayer developed the temporal contigu
ity principle based on the results of a num
ber of studies conducted using animation 
in a computer-based environment. An ini
tial influence was a study by Baggett (1984). 
Baggett designed an experiment in which a 
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film was shown to college students where 
the visual and auditory components (voice
over) were presented in seven different 
conditions. Three conditions presented the 
visual material either 7, 14, or 21 seconds 
before the auditory component, and three 
conditions presented the visual material 
either 7, 14, or 21 seconds after the audi
tory components. The final condition pre
sented both the visual and auditory materials 
simultaneously. On recall tests students who 
received the concurrent mode or the visuals 
7 seconds before the voice-over performed 
at a superior level to the other five groups. 
This experiment demonstrated the impor
tance of presenting both media together in 
close proximity. 

Initial research by Mayer and Anderson 
(1991) compared the effect of receiving in
struction that presented words before pic
tures with instructions that presented both 
words and pictures simultaneously. In the 
first experiment of this study, students stud
ied an animation that showed how a bicycle 
tyre pump worked. A words-before-picture 
group received a narrative description of 
how the pump worked before the anima
tion (silent) was presented. The words-with
pictures-together group received both sound 
and pictures simultaneously. The group 
that received the simultaneous presentation 
scored higher on problem-solving tasks. 

In a second study, Mayer and Anderson 
(1992) extended this research. The number 
of presentations was increased, and the im
pact of varying the order of narration and an
imation was examined. On problem-solving 
tasks, a concurrent group outperformed all 
other groups and notably, groups who re
ceived narration before animation, or vice 
versa, performed at the same level as a con
trol group with no instruction. 

Mayer and Sims (1994) also found evi
dence that a concurrent presentation of nar
ration and animation was superior to a se
quential presentation of either narration 
followed by animation or animation fol
lowed by narration on problem-solving tasks. 
The study domains were the human respira
tory system and bicycle pumps. In addition, 
this study also examined the influence of 
spatial ability on these presentation modes. 

For high spatial-ability learners there was a 
significant temporal contiguity effect. How
ever, for low spatial-ability learners the con
current group performed at the same level 
as the sequential group. Mayer and Sims 
explained this finding by arguing that stu
dents with low spatial ability had to de
vote relatively more cognitive resources to 
connecting the two sources of information 
compared with students with high spatial 
abilities. In particular high spatial awareness 
was particularly advantageous in building 
visual representations. 

The preceding studies demonstrated that 
students who received information simul
taneously (integrated narration and ani
mation) outperformed students who re
ceived nonintegrated instructions (narration 
and animation separated temporally). These 
differences were found consistently on trans
fer (problem-solving) tests and less fre
quently on retention tests. The results sup
port Mayer's temporal contiguity principle 
(Mayer, 2001). 

Further research by Moreno and Mayer 
(1999) into temporal contiguity investi
gated the impact of using smaller seg
ments in computer-based episodes of nar
ration and animation. In this study, the 
large instructional episodes on the forma
tion oflightning used in previously described 
experiments were divided into 16 smaller 
segments. Groups of students were pre
sented with either 16 successive alternations 
of mini narrations and animation in that or
der, or vice-versa. These groups were com
pared with students who received the whole 
episode in an integrated fashion described 
previously. As few differences were found 
between groups on retention and transfer 
tests (results marginally favoured the inte
grated whole episode approach), Moreno 
and Mayer (see also Mayer, 2001) concluded 
that students who received the smaller seg
ment episodes were not subjected to high 
working memory loads because successive 
presentations were very short (one or two 
lines at a time). Consequently, learners were 
able to successfully integrate the two sources 
of information themselves and performed 
at a level comparable to the fully inte
grated approach. 
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Implications for Instructional Design 

The split-attention effect is a robust, eas
ily demonstrated effect leading to the split
attention principle: Where instruction in
cludes multiple sources of information that 
must be mentally integrated in order to 
be intelligible, those sources of information 
should be both physically and temporally 
integrated in order to reduce unnecessary 
search for referents and to reduce extraneous 
cognitive load. Now there are many studies 
demonstrating that substantial learning gains 
can be achieved by physically integrating dis
parate sources of information rather than re
quiring learners to use mental resources in 
mentally integrating the same information. 
Those studies use a wide variety of materials 
and participants under many conditions. 

Notwithstanding the strength of the split
attention effect, considerable care must be 
taken when physically integrating disparate 
sources of information. Simply placing, for 
example, all text onto a diagram, is no sub
stitute for an understanding of the split
attention principle. There are many condi
tions under which the principle does not 
apply or worse, where attempts to apply the 
principle will have negative rather than pos
itive effects on learning. We would like to 
emphasise the following points: 

1. The principle only applies when multiple 
sources of information are unintelligible 
in isolation. For example, physically in
tegrating a diagram with statements that 
merely redescribe the diagram has nega
tive, not positive effects on learning due to 
the redundancy effect (see chapter 10). If 
all sources of information are intelligible 
in isolation and redundant, elimination of 
redundancy rather than physical integra
tion should be pursued. Thus, analysing 
the relation between multiple sources of 
information prior to physical integration 
is critical. 

2. The split-attention principle only applies 
to high element interactivity material. 
If intrinsic cognitive load is not high, 
whether or not an extraneous cognitive 
load is added due to split-attention is 
likely to be irrelevant (see chapter 2). A 

diagram and related text that have few 
interacting elements and so are easily un
derstood are unlikely to be rendered more 
intelligible by physically integrating them. 
They can be easily learned even when pre
sented in split-source format. 

3. Whether sources of information are in
telligible in isolation and whether the in
formation is high in element interactiv
ity not only depends on the instructional 
material, it also depends on learner char
acteristics. Material that is unintelligible 
in isolation and high in element inter
activity for low knowledge learners may 
be intelligible in isolation and low in ele
ment interactivity for learners with more 
knowledge. For high knowledge individ
uals, physical integration may be delete
rious, resulting in the expertise reversal 
effect (see chapter 21). Alternative in
structional techniques are required under 
such circumstances with the elimination 
of redundant information being the most 
common technique. 

These limitations under which the split
attention effect can be observed strengthen 
its scientific validity in that they clearly in
dicate the experimental conditions that lead 
to the effect. Nevertheless, from an instruc
tional perspective, they require instructional 
designers to take many factors into account. 
A simple recommendation such as "elimi
nate split-attention between diagrams and 
text" is not sufficient. To adequately un
derstand the split-attention effect, instruc
tional designers may require considerably 
more training in cognitive theory and its 
instructional implicatibns than is currently 
the norm. 

Conclusions 

Split-attention is pervasive. The format of 
much instruction is determined by tradition, 
economic factors, or the whim of the in
structor. Cognitive factors are rarely con
sidered resulting in instructional designs in 
which split-attention is common. Cognitive 
load theory, which gave rise to the split
attention principle and which is based on an 
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understanding of human cognitive architec
ture, especially the relations between work
ing and long-term memory, is able to provide 
theory-based and experimentally tested in
structional guidelines. Those guidelines that 
are associated with the split-attention effect 
and that have been discussed in this chapter 
have the potential to substantially improve 
multimedia instruction. 

Glossary 

Integrated instructions. Instructions in 
which multiple sources of information 
are physically integrated so that work
ing memory resources do not need 
to be used for mental integration. 
Can be contrasted with split-attention 
instructions. 

Split-attention instructions. Instructions in 
which multiple sources of information 
are not physically or temporally in
tegrated so that working memory re
sources need to be used for mental 
integration. Can be contrasted with in
tegrated instructions. 
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