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The split-attention effect seems a robust finding in the literature and shows that complex learning materials
consisting of text and pictures lead to better learning when they are spatially integrated instead of spatially
separated. In the current study, two experiments were conducted to investigate the effects of distance and
signaling on the split-attention effect. In Experiment 1, a 2 x 2 design was used in which spatial distance (large
vs. small) and signaling (signaling vs. no signaling) were manipulated, while in Experiment 2 it was tried to
replicate the split-attention effect previously observed with the learning materials used in Experiment 1. In
contrast to our hypotheses, spatial distance and signaling did not influence mental effort ratings and transfer
performance in Experiment 1. Moreover, no split-attention effect was found on retention, transfer or mental
effort ratings in Experiment 2. As no split-attention effect was obtained with the learning materials, it is not
possible to examine the effects of distance and signaling on the split-attention effect. Concluding, the current
results raise doubts about how robust the split-attention effect is, and demonstrate the importance of replication

studies.

1. Introduction

In contemporary education, students are increasingly required to
learn from instructional materials that combine text and pictures. For
example, in a typical textbook, the functioning of the heart is explained
in a picture with accompanying text. Such multimedia learning mate-
rials usually lead to a better learning performance than learning mate-
rials that solely consist of text (multimedia principle, Mayer, 2003).
However, a critical aspect that has to be taken into account in this regard
is the mental integration of the presented text and picture which likely
has an influence on learning performance (Ayres & Sweller, 2014; Mayer
& Fiorella, 2014). It has been demonstrated that when text is placed near
the part of the picture that the text corresponds to (i.e., when text is
spatially integrated in the picture), learning outcomes are higher than
when the corresponding text and picture elements are presented as
spatially separated sources of information (Ayres & Sweller, 2014;
Ginns, 2006; Schroeder & Cenkci, 2018). This effect is referred to as the
split-attention effect (Ayres & Sweller, 2014; Chandler & Sweller, 1991,
1992; Mayer & Fiorella, 2014) and is typically explained by Cognitive
Load Theory (CLT; Paas, Renkl et al., 2003; Sweller, Ayres, & Kalyuga,
2011). According to CLT, learning materials presented in a spatially
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separated format result in suboptimal learning because the spatial dis-
tance between text and picture imposes a high cognitive load on working
memory. Specifically, in a spatially separated format learners need to
visually search and reorientate between text and picture, while pro-
cessing it in working memory, which imposes a high extraneous
cognitive load (Ayres & Sweller, 2014; Kalyuga, Chandler, & Sweller,
1998; Sweller, Van Merriénboer, & Paas, 1998). Such unnecessary ac-
tivities are not required when studying integrated text-picture materials,
which increases the chance that learners’ working memory capacity can
be used for learning-related processes like schema construction
(germane cognitive load, Sweller et al., 1998).

At present, the split-attention effect has been demonstrated in a
myriad of studies which show that spatially integrated text and pictures
leads to less extraneous load and/or higher learning outcomes than
spatially separated materials (Angeli, Valanides, & Kirschner, 2009;
Ayres & Sweller, 2014; Cierniak, Scheiter, & Gerjets, 2009; Ginns, 2006;
Harter & Ku, 2008; Schroeder & Cenkci, 2018). However, prior studies
typically compared a condition that studied spatially integrated text and
pictures to a condition that studied text and pictures that were spatially
separated from each other without taking into account design aspects in
the spatially separated condition. That is, studies varied in how the text
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and pictures in the spatially separated condition were presented. For
example, there was variation in terms of the spatial distance between the
textual and pictorial representations (e.g., very close to each other or at
a larger distance) or the location where the text was presented (e.g.,
under the picture or next to the picture) (Pouw, Rop, de Koning, &amp;
Paas, 2019; Florax & Ploetzner, 2010). Recently, the precise role of
varying spatial distance in learning from spatially separated text-picture
materials is receiving increasing attention (Pouw et al., 2019). In the
present study we build on this emerging research by empirically inves-
tigating the influence of varying spatial distance and using signaling (i.
e., using labels to match text and picture elements) on learning from
spatially separated text and integrated and picture materials.

1.1. The influence of spatial distance and signaling on cognitive load and
learning

In a recent study by Pouw et al., 2019 three experiments were con-
ducted to investigate whether the split-attention effect is actually caused
by the spatial separation of the information sources. In the first two
experiments, participants had to judge the similarity of two spatially
separated cards with symbols that could vary in form, number, and
colour. The results of both experiments showed that an increase in dis-
tance between the cards led to a higher load on working memory and a
slower integration of the information sources. In the third experiment,
they tried to replicate these findings with more complex multimedia
learning materials about information transmission in the human nervous
system by comparing three conditions: a spatially integrated condition,
a spatially separated condition with a small distance between text and
picture and a spatially separated condition with a large distance be-
tween text and picture. In contrast to their expectations, no
split-attention effect was observed in this experiment on learning out-
comes and experienced mental effort during learning. Moreover, no
effects of spatial distance were found on learning outcomes or experi-
enced mental effort. These results suggest that spatial distance did not
lead to a split-attention effect with these text-picture instructional ma-
terials. This finding could, however, be explained by the fact that
signaling was used in both spatially separated conditions. It is relatively
well-established that signaling can facilitate mental integration of in-
formation sources by reducing cognitive demands associated with hav-
ing to search for and link corresponding parts of the text and picture (De
Koning & Jarodzka, 2017; Florax & Ploetzner, 2010; Ozcelik, Karakus,
Kursun, & Cagiltay, 2009; Van Gog, 2014). Importantly, according to
CLT searching and matching activities to link textual and pictorial in-
formation requires more working memory capacity if text and pictures
are presented at a larger spatial distance from each other. With a larger
distance between text and picture, learners have to keep information
active in working memory for longer periods of time, which increases
cognitive load and reduces learning outcomes (Puma, Matton, Paubel, &
Tricot, 2018). It is conceivable that these negative effects of increasing
spatial distance were alleviated by the use of signaling in Experiment 3
of Pouw et al., 2019. To test this hypothesis, the present study aimed to
investigate whether signaling reduces the negative effect of a large (vs.
small) spatial distance between spatially separated text and picture on
learning and mental effort, thereby gaining more clarity about the
cognitive processes underlying the split-attention effect.

The influence of distance on cognitive processing has mainly been
investigated in research fields such as comparative visual search and
embedded cognition. Several studies using comparative visual search
tasks have shown that increasing the spatial distance between two in-
formation sources leads to longer processing times, longer fixation
times, and less gaze switches between information sources (Hardiess,
Gillner, & Mallot, 2008; Inamdar & Pomplun, 2003). Research in the
field of embedded cognition also has shown that increasing the spatial
distance between information sources increases cognitive demands
because people rely more on memory and less on attention switches
(Ballard, Hayhoe, & Pelz, 1995; Gray & Fu, 2004; Pouw, Van Gog, &
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Paas, 2014). For example, Ballard et al. (1995) showed that people
prefer to use a more perceptual strategy in case of a short distance be-
tween two information sources, but rely more on their memory when
spatial distance increases. While these studies did not use typical
multimedia learning tasks, a few studies exist in multimedia learning
research which corroborate these findings using more educationally
relevant materials (Bauhoff, Huff, & Schwan, 2012; Huff, Bauhoff, &
Schwan, 2010). Together, these studies indicate the importance of dis-
tance and its effect on cognitive load, and are in accordance with the
results of Experiment 1 and 2 reported by Pouw et al., 2019.

In learning from spatially separated information sources one possible
strategy to support learning is to signal corresponding pieces of infor-
mation in both information sources (cf. De Koning & Jarodzka, 2017; De
Koning, Tabbers, Rikers, & Paas, 2009). The usefulness of signaling has
been well-established in multimedia learning. Multiple studies have
shown that signaling can have a positive effect on retention, transfer,
and cognitive load when learning from textual and pictorial represen-
tations (Kalyuga, Chandler, & Sweller, 1999; Ozcelik et al., 2009;
Schneider, Beege, Nebel, & Rey, 2018; Van Gog, 2014). For example,
Kalyuga et al. (1999) showed that colour coding (i.e., a form of signaling
in which colours are used to guide learners’ attention) alleviated
split-attention effects when learning about electrical circuits: Partici-
pants reported lower mental effort and obtained higher learning out-
comes when colour coding was added to spatially separated learning
materials than when no colour coding was added to spatially separated
learning materials. This suggests that signaling can effectively decrease
extraneous load by directing learners’ attention to relevant parts of the
learning materials or by facilitating organization and integration of the
learning materials (cf. De Koning et al., 2009; Kalyuga et al., 1999;
Ozcelik, Arslan-Arib, & Cagiltay, 2010; Ozcelik et al., 2009; Van Gog,
2014). The influence of signaling can be used to explain why Pouw et al.
(2019; Experiment 3) did not find a split-attention effect. Even though
spatial distance between the textual and pictorial information sources
makes it more difficult to integrate textual and pictorial information
(Bauhoff et al., 2012; Gray & Fu, 2004), signaling likely facilitates
integration processes (De Koning et al., 2009; Van Gog, 2014). More
specifically, given that a larger distance between spatially separated text
and picture likely leads learners to rely more on working memory pro-
cesses (cf. Ballard et al., 1995) and increases extraneous cognitive load,
signaling is expected to reduce the (extraneous) working memory de-
mands by directing learners to connections between the spatially sepa-
rated information sources.

1.2. The present study

We conducted two experiments to investigate the influence of spatial
distance and signaling in learning from split-attention instructional
materials. The current study extends past research by specifically
studying the effects of signaling and variations in spatial distance (in
Experiment 1) and not just studying the effects of spatial integration of
textual and pictorial information (in Experiment 2). In other words,
previous research mostly compared spatially integrated learning mate-
rials to spatially separated learning materials (Ayres & Sweller, 2014;
Ginns, 2006), whereas the present study also compares spatially sepa-
rated learning materials with a small distance between text and picture
to separated learning materials with a large distance between text and
picture. Furthermore, the interaction between signaling and distance is
considered to investigate whether signaling alleviates the negative effect
of increased spatial distance. In both experiments, the materials covered
the functioning of car brakes for which we used the materials of Johnson
and Mayer (2012), who have shown a split-attention effect with these
materials evidenced by higher transfer performance for the integrated
condition than for the spatially separated condition.
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2. Experiment 1

Experiment 1 investigated whether increasing the spatial distance
between spatially separated text and pictures harms learning compared
to presenting the same information at a small spatial distance and
whether signaling alleviates this negative effect of a distance increase.
Therefore, we employed a 2 x 2 design with distance (large vs. small)
and signaling (yes vs. no) as between-subjects factors. We investigated
the effect of distance and signaling on retention, transfer and invested
mental effort (which is an indication of experienced cognitive load;
Paas, 1992; Paas, Tuovinen et al., 2003). We expected that a large spatial
distance would lead to worse transfer performance, worse performance
on a label test where parts of the system had to be named, and higher
mental effort than a small spatial distance (Bauhoff et al., 2012; Gray &
Fu, 2004). Furthermore, we expected that conditions studying the ma-
terials with signaling would obtain higher transfer performance and
label performance, and experience less mental effort compared to when
signaling is not used (Schneider et al., 2018; Van Gog, 2014). Consistent
with the findings reported by Johnson and Mayer (2012), we did not
expect an effect of spatial distance or signaling on the free recall test.
Finally, we expected to find an interaction between spatial distance and
signaling, showing that the influence of spatial distance on mental effort
and learning (transfer and labeling) is smaller when signaling is used
compared to when signaling is not used (Pouw et al., 2019; Mayer,
Steinhoff, Bower, & Mars, 1995).

2.1. Method

2.1.1. Participants and design

Participants were 107 (Mgg = 21.18, SD = 4.13, range 18-48 years
old; 89 females) undergraduate psychology students who participated
for course credit. They were randomly assigned to one of four condi-
tions: a condition with a small spatial distance between text and picture
in which corresponding textual and graphical elements were coloured
similarly (i.e., small signaling condition; n = 27), a condition with a
small spatial distance between text and picture without colour-coding (i.
e., small condition; n = 27), a condition with a large spatial distance
between text and picture in which corresponding textual and graphical
elements were coloured similarly (i.e., large signaling condition; n =
27), and a condition with a large spatial distance between text and
picture without colour-coding (i.e., large condition n = 26). This study
was designed and conducted in accordance with the guidelines of the
ethical committee of Erasmus University Rotterdam, Department of
Psychology, Education, and Child Studies. All participants gave
informed consent before the start of the study.

2.1.2. Materials

2.1.2.1. Demographics. Basic demographic questions were asked to
assess prior education, age, gender, and the participant’s native lan-
guage. Participants could indicate their gender with three possible an-
swers: male, female, or other. Prior education was assessed by asking
what the highest level of education was that they had completed. This
question had three possible answers: secondary education, higher
vocational education, or other. There were no significant differences
between conditions in age, F < 1; gender, X 2 (6) = 2.35, p = .504; level
of prior education, X’ 2(6) = 2.65, p = .852; and native language, X' 2(6)
= 4.87, p = .561 (see Table 1 for descriptives).

2.1.2.2. Prior knowledge test. Prior knowledge was assessed by asking
participants to rate their prior knowledge of car mechanics and repair on
a scale of 1 (very high) to 5 (very low), and by asking whether or not six
statements applied to them. The statements were: “I have a driver’s li-

cense”, “I have put air into a tire on a car”, “I have changed a tire on a
car”, “I have changed the oil in a car”, “I have changed spark plugs in a
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Table 1
Descriptive statistics of demographics variables and prior knowledge in Exper-
iment 1.

Small Large Small Large
signaling signaling
Gender (%)
Male 3(11.11) 4 (15.38) 4 (14.81) 7 (25.93)
Female 24 22 23 (85.19) 20 (74.07)
(88.89) (84.62)
Level of prior education (%)
Secondary education 20 19 22 (81.48) 21 (77.78)
(74.07) (73.08)
Higher vocational 5(18.52) 3(11.54) 2(7.41) 4(14.81)
education
Other 2(7.41) 4 (15.38) 3(11.11) 2(7.41)
Native language (%)
Dutch 7 (25.93) 11 10 (37.04) 14 (51.85)
(42.31)
English 5 (18.52) 2 (7.69) 3(11.11) 3(11.11)
other 15 13 (50.0) 14 (51.85) 10 (37.04)
(55.56)
Age M (SD) 20.41 21.58 21.30 21.44
(1.28) (3.80) (5.68) (4.59)
Prior knowledge ratings ~ 4.48 4.50 4.67 (0.56) 4.63 (0.63)
M (SD) (0.58) (0.58)
Prior knowledge 10.63 10.85 10.85 11 (0.92)
statements M (SD) (1.15) (1.08) (1.35)

car”, and “I have replaced brake shoes on a car”. This resulted in a prior
knowledge self-rating (1-5) and a prior knowledge statement score
(1-6). There were no significant differences between conditions in prior
knowledge ratings (F < 1) and prior knowledge statements (F < 1).
Table 1 displays the descriptives for the prior knowledge scores in each
condition.

2.1.2.3. Learning material. The learning material was shown on a single
page on a computer screen with a resolution of 1920 x 1200 pixels and
consisted of a text and picture about the functioning of a car’s braking
system. The picture depicted the car braking system when the brake
pedal is pushed down and when it is not pushed down. The text consisted
of 73 words and explained how the car braking system works. The text
and picture were spatially separated in all conditions. In this experi-
ment, spatial distance was manipulated by using a large or a small dis-
tance between text and picture. The small distance was set at 10 pixels

When the driver steps on the car’s brake pedal, a moves forward inside the master
cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to
the wheel cylinders. In the wheel cylinders, the increase in fluid pressure makes a smaller
set of pistons move outward. These smaller pistons activate the brake shoes. When the

shoes press against . the wheel stops or slows down.

Fig. 1. Learning materials in the small signaling condition.
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(see Figs. 1 and 2), while the large distance was set at 410 pixels (see
Figs. 3 and 4). The large distance of 410 pixels was used, as this was the
largest distance possible on a 1920 x 1200 pixels computer screen while
still keeping the learning material clear and readable. Signaling was
manipulated by using colour-coding or not. Signaling was applied by
matching the colours of important parts of the car braking system and
their corresponding words in the text, see Figs. 1 and 3.

2.1.2.4. Retention tests. Retention was measured with a free recall test
by asking the participants to explain how a car’s braking system works.
The free recall test was scored by giving one point for each correct step
of the braking system mentioned in the explanation which lead to a
maximum of 8 points. Additionally, we used a labeling test by asking
participants to write down the correct name of eight labelled parts in the
picture. Six of these labelled parts were colour-coded and two were not.
The label test was scored by giving one point for each correctly labelled
part which lead to a maximum of 8 points in total. To explore whether
differences between signaled and non-signaled items of the label test
would emerge, separate scores were calculated for signaled and non-
signaled parts: participants could earn 6 points for the colour-coded
parts and 2 points for the parts that were not colour-coded.

2.1.2.5. Transfer test. Transfer was measured by asking three open-
ended questions about understanding of the braking system. For each
transfer question, multiple correct answers were possible. The first
transfer question was: “What could be done to make brakes more reli-
able — that is, to make sure they would not fail?” For example, a correct
answer on this question could be: “make the pedal more sensitive”. The
second transfer question was: “What could be done to make brakes more
effective — that is, to reduce the distance needed to bring a car to a stop?”
A possible correct answer on this question was: “use larger pistons”. The
third transfer question was: “Suppose you press on the car’s brake pedal
in your car but the brakes don’t work. What could have gone wrong?” An
example of a correct answer on this question could be: “the tube had a
leak”. Each transfer question was scored by giving one point for each
correct explanation and by summing up the points of the three ques-
tions, yielding one transfer score per participant.

2.1.2.6. Mental

effort. Mental effort was measured by asking

When the driver steps on the car’s brake pedal. a piston moves forward inside the master
cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to
the wheel cylinders. [u the wheel cylinders, the increase in fluid pressure makes a smaller
set of pistons move outward. These smaller pistons activate the brake shoes. When the
shoes press against the drum, the wheel stops or slows down.

Fig. 2. Learning materials in the small condition.
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When the driver steps on the car’s brake pedal, a moves forward inside the master

cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to
the wheel cylinders. In the wheel cylinders, the increase in fluid pressure makes a smaller
set of pistons move outward. These smaller pistons activate the brake shoes. When the
shoes press against , the wheel stops or slows down.

Fig. 3. Learning materials in the large signaling condition.

participants to indicate on a Likert scale of 1 (very, very low effort) to 9
(very, very high effort) how much effort they invested in the task (Paas,
Renkl et al., 2003; Paas, Tuovinen et al., 2003). This self-rating instru-
ment has proven to provide a valid and reliable indication of the mental
effort experienced during a task (Paas, Renkl et al., 2003; Paas, Tuovi-
nen et al., 2003).

2.1.3. Procedure

Participants were tested in groups (up to eight students) and worked
individually on computers. They were first asked to fill in the de-
mographics questions, followed by the prior knowledge questions. Then,
the learning phase started in which they were presented with the
learning materials for 50 s according to their assigned condition. All
participants were instructed to use both the text and picture during
learning. Participants in the signaling conditions were also told that the
main parts of the text and picture were presented in the same colour.
After the learning phase, participants were asked to rate the mental
effort they invested during the learning phase. Subsequently, they
completed the retention (free recall followed by labeling test) and
transfer questions. Participants were given 2.5 min to answer the free
recall question, after which the program automatically progressed to the
label test. This test had no time limit, participants had to click the next
button if they finished the question to progress to the transfer questions.
Participants were given 2.5 min to answer each of the transfer questions,
after which the next question was automatically presented. Lastly,
participants were asked to rate their mental effort invested in answering
all questions.

2.1.4. Scoring
The free recall test and the transfer test were scored with the coding
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When the driver steps on the car’s brake pedal, a piston moves forward inside the master
cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to
the wheel cylinders. In the wheel cylinders. the increase in fluid pressure makes a smaller
set of pistons move outward. These smaller pistons activate the brake shoes. When the
shoes press against the drum, the wheel stops or slows down.

Fig. 4. Learning materials in the large condition.

scheme of Johnson and Mayer (2012). For the label test we designed a
coding scheme ourselves. Ten percent of all data was scored by a second
rater, with both raters being unaware of the participants’ conditions
while scoring. We calculated the interrater-reliability, which was almost
perfect, K = 0.86 (Landis & Koch, 1977). Therefore, the scorings of the
first rater were used in the analyses.

2.2. Results

Separate two-Way ANOVAs with distance and signaling as between-
subjects factors were conducted on the learning outcomes (free recall
test, signaled items label test, non-signaled items label test, and transfer

Table 2

Means (and standard deviations) of the free recall test (max. = 8), signaled items
of the label test (max. = 6), non-signaled items of the label test (max. = 2), and
the transfer test.

Freerecall  Label test Label test non- Transfer
test Signaled items signaled items test
Small 2.56 1.83 (0.94) 0.26 (0.53) 1.81
(1.42) (1.42)
Large 2.77 1.65 (1.12) 0.29 (0.51) 1.81
(1.42) (1.81)
Total 2.66 1.75 (1.05) 0.27 (0.51) 1.81
(1.41) (1.61)
Small 2.74 2.02 (1.23) 0.11 (0.29) 1.56
signaling (1.85) (1.60)
Large 2.70 2.70 (1.75) 0.26 (0.42) 1.89
signaling (1.73) (2.10)
Total 2.72 2.36 (1.54) 0.19 (0.37) 1.72
1.77) (1.86)

Computers in Human Behavior 105 (2020) 106203

test) and mental effort (during learning and during testing). Table 2 and
Table 3 show descriptive statistics. Because we found mostly null-
findings, we performed additional Bayesian analyses with JASP (JASP
Team 2016, Version 0.8.4). Bayes Factors (BF) were computed using
non-informative default priors p(M) = 0.5 (Cauchy prior of h = 0.75;
Rouder, Morey, Verhagen, Swagman, & Wagenmakers, 2016). Bayes
Factors can be classified as follows: no evidence BF = 1, anecdotal evi-
dence BF = 1-3, substantial evidence BF = 3-10, strong BF = 10-30,
very strong BF = 30-100, decisive BF > 100 (Jeffreys, 1961).

2.2.1. Retention

On the free recall test, there were no significant main effects of
Distance, F < 1 or Signaling, F < 1, nor a significant interaction, F (1,
103) = 1.60, p = .690, ng < 0.01. The Bayesian analysis showed there
was substantial evidence for the absence of an effect of Signaling (BF
null-model = 4.80; showing that the data were 4.802 times more likely
under the null-model than under the model predicting an effect of
Signaling) and Distance (BF null-model = 4.72), while there was strong
evidence for the absence of an interaction (BF null-model = 22.94). For
the signaled items of the label test we found a significant main effect of
Signaling, F (1, 103) = 3.29, p = .016, BF alternative-model = 2.657
(anecdotal evidence in favor of the model predicting an effect of
Signaling),’ qf, = 0.06, showing that participants in the signaling con-
ditions outperformed participants in the non-signaling conditions. We
found no significant main effect of Distance, F (1, 103) = 1.00, p = .320,
BF null-model = 3.11 (substantial evidence), nlz, = 0.01, nor a significant
interaction between Distance and Signaling on signaled items, F (1, 103)
= 2.92, p =.090, BF null-model = 1.00 (no evidence), ng =0.03. On the
non-signaled items of the label test, we found no significant main effects
of Distance, F (1, 103) = 1.10, p = .308, BF null-model = 3.06 (sub-
stantial evidence), nlz, =0.01 or Signaling, F (1,103) = 1.10, p =.308, BF
null-model = 3.06 (substantial evidence), ng = 0.01. Moreover, we
found no significant interaction between Distance and Signaling, F < 1,
BF null-model = 9.41 (substantial evidence).

2.2.2. Transfer

On the transfer test, there were no significant main effects of Dis-
tance, F < 1, BF null-model = 4.40 (substantial evidence) or Signaling, F
< 1, BF null-model = 4.74 substantial evidence), nor a significant
interaction, F < 1, BF null-model = 19.91 (strong evidence).

2.2.3. Mental effort

On invested mental effort after the learning phase, there were no
significant main effects of Distance, F < 1, BF null-model = 3.46 (sub-
stantial evidence) or Signaling, F < 1, BF null-model = 4.25 (substantial
evidence), nor an interaction, F < 1, BF null-model = 14.57 (strong
evidence). On invested mental effort after the testing phase, also no
significant main effects of Distance, F < 1, BF null-model = 4.47

Table 3
Means (and standard deviations) of the mental effort ratings of the learning
phase and test phase (max. = 9).

Mental effort learning Mental effort test

Small 6.00 (0.92) 5.30 (1.59)
Large 6.00 (1.55) 5.69 (1.41)
Total 6.00 (1.26) 5.49 (1.50)
Small signaling 6.33 (0.83) 6.07 (1.66)
Large signaling 5.93 (1.39) 5.41 (1.65)
Total 6.13 (1.15) 5.74 (1.67)

1 Here, we report the evidence in favor of the alternative model, which in-
cludes Signaling as a factor as the initial ANOVA revealed a moderate effect of
signaling.
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(substantial evidence) or Signaling, F < 1, BF null-model = 3.64 (sub-
stantial evidence) were found, nor a significant interaction between
Distance and Signaling, F (1, 103) = 3.02, p = .085, BF null-model =
16.21 (strong evidence) ng = 0.03.

2.3. Discussion

With Experiment 1 we aimed to investigate whether signaling alle-
viates the negative effect of increased spatial distance between spatially
separated text and pictures. Consistent with Johnson and Mayer (2012),
no differences between conditions were found in free recall perfor-
mance. Consequently, it is not surprising that we did not find an effect of
spatial distance and signaling either, as a prerequisite for finding such
effects is that the learning materials elicit a split-attention effect. We did
find an effect of signaling on the label test, namely that colour-coded
items were remembered better by participants in the signaling condi-
tions than participants in the conditions without signaling. It seems
therefore that signaling facilitated retention of important parts of the
braking system, which is in line with previous research showing that
signaling can lead to a higher retention performance (De Koning, Tab-
bers, Rikers, & Paas, 2007; Ozcelik et al., 2009; Schneider et al., 2018;
Van Gog, 2014). However, we found no effects of signaling on transfer
performance or mental effort. In contrast to our expectations we found
no effect of increased distance on any of the dependent variables.
Possibly, spatial distance does not have a large influence on learning
these materials. It could be that the difference in spatial distance was not
large enough to elicit an effect on learning. For this experiment, we
chose the maximum spatial distance possible on a 24 inch computer
screen which might not have challenged learners’ working memory in
the large spatial distance condition considerably more than learners in
the small spatial distance condition; this is corroborated by the mental
effort results indicating that learners in the large spatial distance con-
dition did not experience higher cognitive load than learners in the small
spatial distance condition.

Furthermore, we failed to replicate the split-attention effect on
transfer performance reported by Johnson and Mayer (2012). However,
they compared a spatially separated condition with a spatially inte-
grated condition, whereas in our experiment in all conditions text and
picture were spatially separated. Together our findings suggest that
either distance or signaling do not influence the split-attention effect, or
the split-attention effect is very small to non-existent in the present
materials. To clarify this, a second experiment was conducted in which
we specifically aimed to replicate the primary findings of Johnson and
Mayer (2012), that transfer-test performance was lower in the spatially
separated condition than in the spatially integrated condition. If we are
able to replicate the split-attention effect, it is highly likely that
increasing the spatial distance between text and picture does not hinder
the learning of the present materials.

3. Experiment 2

Experiment 2 aimed to replicate and extend the findings of Johnson
and Mayer (2012) by including a spatially separated condition with
signaling besides the spatially separated and spatially integrated con-
ditions. The materials used in the spatially separated condition and the
spatially integrated condition were identical to the first experiment of
Johnson and Mayer. The dependent variables were the same as in
Experiment 1 of the current study. On the free recall test, we expected to
find no differences across conditions, in line with Johnson and Mayer
(2012). On the signaled items of the label test, we expected that both the
spatially integrated condition and signaling condition would outperform
the spatially separated condition. On the non-signaled items of the label
test we expected the spatially integrated condition to outperform the
spatially separated conditions. On the transfer test and mental effort
ratings we expected the spatially integrated condition to perform better
and report lower invested mental effort than both spatially separated
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conditions.

3.1. Method

3.1.1. Participants and design

Participants (n = 180) were recruited via Amazon’s Mechanical Turk
(Paolacci, Chandler, & Ipeirotis, 2010), and were paid 2 dollars for their
participation in this experiment which took approximately 20 min. A
priori we decided that participants would be excluded from the study
when they used a screen with a resolution smaller than 1024 x 768 and
therefore could not see the picture and text on the screen (n = 20). This
cutoff was chosen based on an earlier study by Rop, Schiiler, Verkoeijen,
Scheiter, and Van Gog (2018), in which 6.62 percent of Mechanical Turk
participants used a screen with a resolution smaller than this. Therefore,
this cutoff would ensure maximal spatial distance without much data
loss. Participants were also excluded when they participated in the
experiment twice (n = 1), when they participated in a noisy environ-
ment (i.e., self-reported noise of seven or higher on a scale of one to nine;
n = 3), when they cheated by using google search (n = 10), or when they
provided non-sensible answers to the questions (e.g., responding “it is
great and good one”; n = 6). The final sample consisted of 140 partici-
pants (Mg = 37.68, SD = 11.57, range 19-71, 81 males, 58 females and
1 other), who were randomly assigned to one of three between-subject
conditions: separated (n = 43), separated with signaling (n = 49), and
integrated (n = 48), see Figs. 5-7.

3.1.2. Materials

3.1.2.1. Demographics. The demographic questions were the same as in
Experiment 1. Additionally, in Experiment 2 participants were asked
about what type of computer monitor they used during the study and
about how noisy their environment, the latter of which they indicated on
a Likert scale ranging from one (quiet and no distractions) to nine (noise
and many distractions). Table 4 shows the descriptives for these variables
in each of the conditions. There were no significant differences between
conditions in age, F < 1; testing environment, F < 1; type of monitor, X 2
(6) = 4.04, p = .672; gender, X? (6) = 8.57, p = .073; and native lan-
guage, X2 (6) = 1.87, p = .392. There was however a significant dif-
ference between conditions in the level of prior education, X 2(6) = 9.58,
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When the driver steps on the car’s brake pedal, a piston moves forward inside the master
cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to the
wheel cylinders. In the wheel cylinders, the increase in fluid pressure makes a smaller set of
pistons move outward. These smaller pistons activate the brake shoes. When the brake shoes
press against the drum, the wheel stops or slows down.

Fig. 5. Learning materials in the separated condition.

p = .048; in the integrated condition, there were more participants who
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When the driver steps on the car’s brake pedal, a moves forward inside the master
cylinder. The piston forces brake fluid out of the master cylinder and through the tubes to the
wheel cylinders. In the wheel cylinders, the increase in fluid pressure makes a smaller set of
pistons move outward. These smaller pistons activate the brake shoes. When the brake shoes
press against the wheel stops or slows down.

Fig. 6. Learning materials in the separated signaling condition.
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3.1.2.3. Dependent variables. The mental effort ratings, prior knowledge
questions, retention questions, and transfer questions were the same as
in Experiment 1. Participants in the different conditions did not differ in
their prior knowledge based on their self-rating, F < 1, and statements
score, F (2, 137) = 1.22, p = .300, 112 = 0.02 (see Table 4).

3.1.3. Procedure

The procedure was the same as in Experiment 1, except that (1)
participants sat in front of a computer screen outside the university lab
when they participated in the study, (2) the demographic questions were
completed at the end of the experiment instead of at the beginning.

3.2. Results

Separate one-Way ANOVAs with condition as between-subjects fac-
tor were conducted on the learning outcomes (free recall test, signaled
items label test, non-signaled items label test, and transfer test) and
mental effort (during learning and during testing).* Tables 5 and 6 show
descriptive statistics. Again, we complemented these ANOVAs with

1. When the driver steps

6. When the brake shoes
press against the drum, the
wheel stops or slows down.

2. apiston moves forward
inside the master cylinder.

3. The piston forces brake

| / fluid out of the master cylinder
and through the tubes to the
wheel cylinders.

4. In the wheel cylinders, the
increase in fluid pressure
makes a smaller set of pistons
move outward.

5. These smaller pistons
activate the brake shoes.

Fig. 7. Learning materials in the integrated condition.

had completed higher vocational education than in the other conditions.
Given that level of prior education did not significantly interact with the
factor Condition on all outcome measures, we report the results of the
analyses without this factor in the Results.”

3.1.2.2. Learning material. Both spatially separated conditions showed
the text and picture separated at a small spatial distance. In the sepa-
rated condition with signaling, colour-coding was added like in Exper-
iment 1 (see Figs. 5 and 6 for the two separated format conditions). The
integrated format condition consisted of the same text and picture as the
separated format conditions, but in the integrated condition text was
placed at corresponding parts close to the picture (see Fig. 7). The
separated and integrated formats were identical to those used in John-
son and Mayer (2012).

2 Conducting the two-way ANOVAs on each of the outcome measures with
level of prior education as additional factor yielded the same results as when
conducting the analyses without this factor.

Bayesian analyses.

3.2.1. Retention

On the free recall test, there were no significant differences across
conditions, F (2, 137) = 1.91, p = .153, BF null-model = 5.11 (sub-
stantial evidence), n2 = 0.03. For the signaled items of the label test, we
found no significant differences across conditions, F (2, 137) =1.22,p =
.300, BF null-model = 3.45 (substantial evidence), nz = 0.02. On the
non-signaled items of the label test, we found no significant differences
across conditions, F (2, 137) = 2.18, p = .117, BF alterative-model =
1.70 (anecdotal evidence), 1]2 = 0.03.

3 Based on a reviewer comment, we have directly compared the integrated
condition with the separated condition (i.e., the conditions used in the Johnson
and Mayer [2012] study) in separate t-tests. Consistent with our ANOVA re-
sults, these analyses yielded no significant differences between conditions.
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Table 4
Descriptive statistics of demographics variables and prior knowledge in Exper-
iment 2.

Integrated Separated Separated
signaling
Gender (%)
Male 21 (43.75) 33 (67.35) 27 (62.79)
Female 27 (56.25) 15 (30.61) 26 (37.21)
other 0 (0) 1(2.04) 0 (0)
Level of prior education (%)
Secondary education 25 (52.08) 32 (65.31) 21 (48.84)
Higher vocational education 91 (18.75) 7 (14.29) 16 (37.21)
Other 14 (29.17) 10 (20.41) 6 (13.95)
Native language (%)
English 48 (100) 48 (97.96) 43 (100)
other 0 (0) 1(2.04) 0 (0)
Type of monitor (%)
PC 19 (39.58) 20 (40.82) 16 (37.21)
Laptop 29 (60.42) 27 (55.10) 27 (62.79)
Tablet 0 (0) 1(2.04) 0 (0)
Other 0 (0) 1(2.04) 0 (0)
Age M (SD) 38.19 38.35 (12.26) 36.35
(11.11) (11.44)
Testing environment M (SD) 1.31 (0.83) 1.41 (1) 1.30 (0.80)
Prior knowledge ratings M 3.90 (0.93) 3.86 (1.08) 3.74 (1.09)
(SD)
Prior knowledge statements 8.69 (1.85) 8.20 (1.84) 8.19 (1.61)
M (SD)
Table 5

Means (and standard deviations) of the free recall test (max. = 8), signaled items
of the label test (max. = 6), non-signaled items of the label test (max. = 2), and
the transfer test.

Free Label test Label test non- Transfer
recall test  Signaled items signaled items test
Integrated 4.00 2.93(1.34) 0.61 (0.68) 2.10
(1.86) (1.57)
Separated 3.33 2.93 (1.55) 0.40 (0.55) 2.00
signaling (1.51) (1.55)
Separated 3.74 2.52 (1.34) 0.64 (0.63) 1.86
.77 (1.70)
Table 6

Means (and standard deviations) of the mental effort ratings of the learning
phase and test phase (max. = 9).

Mental effort learning Mental effort test

Integrated 7.33 (1.56) 7.29 (1.38)
Separated signaling 7.45 (1.24) 7.29 (1.51)
Separated 7.67 (1.15) 7.47 (1.05)

3.2.2. Transfer
On the transfer test, there were no significant differences across
conditions, F < 1, BF null-model = 12.04 (strong evidence).

3.2.3. Mental effort

On invested mental effort after the learning phase, there were no
significant differences across conditions, F < 1, BF null-model = 12.24
(strong evidence). On invested mental effort after the testing phase, also
no significant differences across conditions, F < 1, BF null-model =
15.17 (strong evidence) were found.

3.3. Discussion

The aim of Experiment 2 was to replicate and extend the findings of
Johnson and Mayer (2012). In contrast to our expectations, and findings
by Johnson and Mayer (2012), we failed to replicate the split-attention
effect. There are several possible explanations that may explain this
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discrepancy. One possible explanation could be that in our experiment
we recruited participants via Amazon’s Mechanical Turk, whereas
Johnson and Mayer recruited psychology students who were tested in a
controlled lab setting. However, participants in Mechanical Turk pay
attention and exhibit biases very similarly to other sources of subjects
(Paolacci et al., 2010), making this unlikely. Another possible expla-
nation for the current findings is that the split-attention effect obtained
with the present materials is not as robust as previously assumed (cf.
Pouw et al., 2019; Florax & Ploetzner, 2010). Furthermore, since no
split-attention effect was found in Experiment 2, it is not possible to
examine the influence of varying spatial distance and signaling on the
split-attention effect.

4. General discussion

The split-attention effect refers to the finding that learning materials
consisting of text and pictures which are spatially integrated lead to
better learning than when they are spatially separated. In two experi-
ments we attempted to investigate the effects of signaling and variations
in spatial distance on the split-attention effect to gain more clarity about
the cognitive processes underlying this effect. It was hypothesized that a
larger spatial distance would hamper learning because it would lead to
more reliance on working memory thereby imposing a higher cognitive
load (Ballard et al., 1995; Bauhoff et al., 2012; Gray & Fu, 2004; Har-
diess et al., 2008; Inamdar & Pomplun, 2003), whereas signaling could
facilitate learning in a spatially separated format because it would direct
learners to relevant information and facilitate integration of information
sources (Florax & Ploetzner, 2010; Ozcelik et al., 2009, 2010; Schneider
etal., 2018; Van Gog, 2014). The results of both experiments showed no
differences in transfer performance, mental effort ratings, free recall or
retention of non-signaled items of the label test.

4.1. Cognitive load theory and the split-attention effect

According to CLT, people need to visually search while keeping in-
formation active in working memory when learning from spatially
separated learning materials, resulting in worse learning performance
and a higher cognitive load compared to spatially integrated learning
materials (Ayres & Sweller, 2014; Ginns, 2006). The current results
showed no effects on learning or mental effort, which is not in line with
CLT. Furthermore, the mental effort ratings seem to indicate that
keeping information active in working memory did not lead to higher
cognitive load, which raises doubts about the explanation of CLT for the
split-attention effect. Although based on our study, the CLT explanation
cannot be tested directly (which would require for example eye tracking
methodology), there is some evidence suggesting that despite compa-
rable learning outcomes, a spatially integrated format elicits different
processing behavior than a spatially separated format. For example,
Pouw et al. (2019; Experiment 3) found no differences in learning out-
comes between an integrated condition and separated format condi-
tions, but they did find that participants in the spatially integrated
condition made more integration attempts than participants in the
separated format conditions. Furthermore, Schiiler (2017) showed that
learners first make mental representations of the text and picture and
subsequently integrate them mentally. Translating this to the present
findings, participants in the separated format conditions might have
successfully used those representations to mentally integrate the
learning materials later. However, this should be reflected in higher
mental effort ratings in the separated format conditions (particularly the
non-signaled one) because keeping mental representations in working
memory while integrating them is expected to impose a higher cognitive
load.

The failed replication of the split-attention effect in Experiment 2
raises doubts about the robustness of the split-attention effect. Similar to
our study, other researchers have reported to not always find the split-
attention effect (e.g., Pouw et al., 2019; Florax & Ploetzner, 2010).
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The fact that several studies failed to replicate this effect raises questions
about the actual strength of the split-attention effect. Furthermore, the
failed replications limit the practical use of the split-attention effect,
because spatially separated learning materials do not always appear to
lead to a worse learning performance and higher cognitive load than
spatially integrated learning materials. Future research could identify
possible boundary conditions under which the split-attention effect is
weaker or absent, like the type or complexity of the learning task.
Furthermore, eye-tracking could be used to investigate explanations of
the split-attention effect, such as whether spatially separated learning
materials lead to more visual search compared to spatially integrated
learning materials. All in all, future research should focus on trying to
replicate earlier findings of the split-attention effect, and possible
boundary conditions for this effect.

4.2. Spatial distance, signaling, and the split-attention effect

The results of the present study indicate that increasing the spatial
distance between two spatially separated sources of information does
not influence learning. Although previous research did not always find
an effect of distance on learning (Pouw et al., 2019; Bauhoff, Huff, &
Schwan, 2012; Florax & Ploetzner, 2010; Mayer, Steinhoff, Bower, &
Mars, 1995), many studies did show that a larger distance leads to more
reliance on memory and less gaze switches between information sources
(Ballard et al., 1995; Bauhoff et al., 2012; Gray & Fu, 2004; Hardiess
et al., 2008; Inamdar & Pomplun, 2003). Possibly, the spatial distance in
our experiments was not large enough to elicit an effect on learning
outcomes. Future research could investigate this possibility by enlarging
the spatial distance between two information sources by using two
screens that are separated from each other at a considerable distance.
Additionally, the results of Experiment 2 showed no split-attention ef-
fect, which made it impossible to examine the effects of varying spatial
distance and signaling on the split-attention effect and draw conclusions
about them, because the split-attention effect is a prerequisite for finding
such effects.

We found a small effect of signaling in Experiment 1, indicating that
participants in the signaling conditions remembered more signaled
items of the label test than participants in the non-signaling conditions.
The finding that signaling can lead to better retention of important parts
of the learning materials is consistent with previous research (Schneider
et al., 2018; Van Gog, 2014). However, it does not seem to lead to lower
cognitive load or increased transfer performance, which is in contrast
with previous research (Ozcelik et al., 2009; Schneider et al., 2018; Van
Gog, 2014). Possibly, the text already guided participants through the
picture well enough, meaning that signaling did not have much added
value in directing participants’ attention (Pouw et al., 2019). Future
research could further investigate whether and how the type of infor-
mation presented in the text has an influence on the attentional pro-
cesses of the reader when learning from text-picture materials. Related
to this, in the current study, we did not check whether the signaling
manipulation worked as intended. Future research is warranted to
further investigate this issue, for example by using eye-tracking to see if
a signaling manipulation successfully guides participants’ attention
during learning (De Koning, Tabbers, Rikers, & Paas, 2010).

4.3. Theoretical and practical implications

The current study extends our knowledge of the robustness and
boundary conditions of the split-attention effect. More specifically, the
impact of varying spatial distance and signaling on the split-attention
effect was investigated. A contribution of this study is that an increase
in spatial distance of 400 pixels does not necessarily affect learning or
cognitive load from textual and pictorial information presented in a
split-attention format. Practically, this suggests that irrespective of the
spatial distance between text and picture comparable learning outcomes
and mental effort can be expected for learners. Another finding was that
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signaling helps learners remember specific parts of the textual and
pictorial information. Therefore, the implication that can be derived is
that if the learning goal is to support memory for specific information,
elements in the text and picture should be signaled, for example by using
colour to highlight the information. Furthermore, we did not find evi-
dence for the split-attention effect previously reported by Johnson and
Mayer (2012) in a direct replication, using their instructional materials
and tests. This raises questions about the robustness of the split-attention
effect, and warrants more direct replications in the field of educational
psychology. Like stated above, such replications would benefit greatly
from adding manipulations checks and process data like eye-tracking or
(retrospective) reporting (e.g., Van Gog, Paas, Van Merriénboer, &
Witte, 2005). For instructional designers, a tentative practical implica-
tion emanating from this finding is that the spatial integration of text
and pictures has no priority when designing instructional materials.
Moreover, as spatially integrating two information sources can even
hamper learning under certain circumstances (e.g., when one of the
information sources is self-containing, cf. the redundancy effect,
Kalyuga & Sweller, 2014), instructional designers should be very careful
with integrating text and pictures. However, please note that more
research on this topic is warranted before we can substantiate this claim.

4.4. Conclusion

This study shows that it is important to not take previously found
instructional design effects (see Sweller, Van Merriénboer, & Paas,
2019) for granted and stresses the importance of replicating earlier
findings. Specifically, this study raises questions about the robustness of
the split-attention effect, and offers new possibilities for research into
possible boundary conditions of the split-attention effect.
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