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Abstract: This study proposed a cueing technique named fooleing” to assist students
attend to the important learning information oftgein the mobile learning environment. The
effect of‘color cueing” was examined by a betweerbjscts experiment. Forty fifth-grade
students were randomly assigned to the“color cleamgl “non-color cueing” conditions. The
results indicated that effect of “color cueing” wast significant. There was no significant
difference in the students’ learning time, cogmtiVoad, retention, comprehension and
application test performance between the two candit The results were discussed and some
recommendations were proposed to future studies.
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1. Introduction

Mobile technology assists students’ learning it gtysical environments is used widely
in different learning fields (e.g., Chen, Kao, &esh 2003; Liu, Peng, Wu, & Lin., 2009).
In such learning environments, students are pravidith multiple learning information
sources including authentic objects surroundingntlaed texts and pictures embedded in
the mobile devices (Liu, Lin, Tsai, & Paas, 201&hough multiple learning information
sources could give students multiple learning eepees that may benefit their learning,
dealing with multiple learning information sourcemy also put students in the risk of
cognitive overload and hinder their learning (Liuaé, 2012; Liu, Lin, & Paas, in press;
Sweller, Van Merrienboer, & Paas, 1998).

Identifying useful information from multiple leang information sources is an
important task for students’ learning, however, tidek is not easy for them, especially for
low prior knowledge students. Cueing is one po&tiiay to assist students to perform
the task more effectively. Cueing is generally dedi as a way to draw students’ attention
to essential elements of the learning materialK@sng, Tabbers, Rikers, & Paas, 2009).
Another term with similar meaning is “signaling”athis defined as adding cues to direct
students’ attention in processing the most impaértaformation in learning materials
(Mayer, 2005). Cueing could be presented in diffetgpes (e.g., heading, outline, color
coding, flash, arrow ...etc.), and the different tyjoé cueing have different impacts on the
student’s cognitive process (de Koning et al., 20@®ch, Julie, & Russell, 2011).

Cueing has been popularly used in many materesigecially in text (e.g., Lorch,
Lorch, & Klusewitz, 1995) and the integration oftteand static visualizations (e.g.,
Kalyuga, Chandler, & Sweller, 1999). Although thespive effect of cueing in reducing
cognitive load and enhancing learning has beendonrdifferent learning environments,
the effect of cueing is seldom explored in the rfel@arning environment (Liu et al., in
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press). In order to reduce the risk of cognitivertnad for students in the mobile learning
environment, this study aimed to examine the cuesffgct in the mobile learning
environment.

Guiding students’ attention to essential informatiand to distinguish particular
information from unrelated information is an im@ont function of cueing. ltalicizing or
bolding words are often used to guide student®n#tin to essential information in
complicated texts. This paper proposes a cueingnigae, entitled “color cueing”. The
important words of the guiding texts embedded artiobile device are colored in red to
make the students attend to the important infoilmnatin the mobile learning environment,
with assistance of “color cueing”, students caredaeir cognitive resources in finding the
important information of the texts and put theigoiive resources in reading important
information and observing the corresponding charatics of authentic objects.
Therefore, based on cognitive load theory, theesitslwho learn with “color cueing” are
expected to perform better than the students whoaddearn with “color cueing” in the
mobile learning environment.

2. Methods
2.1 Participants and design

Forty fifth-grade students (Mean age 11 years; @& land 20 girls) of a primary school in
Northern Taiwan participated in this study. All fpeipants have been taught the essential
knowledge of plant leaf morphology in their natws@ence classes in third grade. A
between-subjects experimental design was useddressl the hypotheses of this study.
The independent variable is “color cueing” and dependenvariables are learning time,
cognitive load in learning phases, retention, cahpnsion and application test scores
Forty students were randomly assigned to “coloirgieor “non-color cueing” condition.
One day before the experiment, a prior knowledgewas conducted to collect the data of
the participantsprior knowledge of leaves. No significant differenaf prior knowledge
scores was found in the two conditioh§38) = 0.94 p>.05).

2.2 Learning materials and equipment

The learning materials of this study focused onnfpleeaf morphology. The texts
embedded in the mobile device and six differenbtslaurrounding students were used to
teach students the knowledge of four subtypes pétven, four subtypes of margin, and
five subtypes of phyllotaxy. Two versions of tharl@ng materials (color cueing and non-
color cueing) were developed by the research grgaph version had 18 screens and each
screen had 20 to 57 words. The eomtof the two versions are the same, excluding the
important information of the text is colored in redthe color cueing condition. Palmate-
veined of leaf venation is used as an example ¢avghe differences of the two versions
in detail (see Figure 1).

The equipment used for the two conditions wasPal ilike Tablet device with a 10-
inch monitor. The instructional software for theblet PC was developed in the
programming language JAVA.
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" Schematic view of the : ,
Codition : Learning materials
experimental
d J ‘
The venation of the Green Maple is
palmate-veined. Three, five or seven veins
Color extend from the leafstalk, just like fingers.
cueing previous @) | Next @
Real plants
The venation of the Green Maple is
palmate-veined. Three, five or seven veins &
non_color extend from the leafstalk, just like fingers. #}
Cueing Previous @ Next @ \ /
Real plants

Figure 1. Examples of the different learning materls in the color cueing and non-
color cueing conditions (original materials were pesented in the Chinese language)

2.3 Measurements

A prior knowledge test was composed of ten multigheice questions about the basic
concepts of leaf morphology knowledge. The higlsestre of the test was 10 points and
the lowest score was 0 points. The internal cogsest reliability coefficient (KR-20) of
the test was 0.81

A leaf morphology knowledge retention test was posed of 18 multiple choice
guestions. In this test, the participants were éskeobserve the six pictures of the plants
that were used in the learning phase and thenifgené venation, margin, and phyllotaxy
features of each plant by the paper based sheethifhest score of the test was 18 points
and the lowest score was 0 points. The internasistency reliability coefficient (KR-20)
of the test was 0.72

A leaf morphology knowledge comprehension test e@sposed of a drawing task
and an assembling task. The drawing task consdté@litems and the assembling task
consisted of 5 items. In the drawing task, theigigdnts were asked to draw the four
subtypes of venation feature and four subtypes arfgm feature. In the assembling task,
the participants were asked to assemble the fibeygas of the phyllotaxy feature. The
highest score of the test was 13 points and thedbwcore was 0 points. The internal
consistency reliability coefficient (KR-20) of thest was 0.72.

A leaf morphology knowledge application test wasnposed of 18 multiple choice
guestions. In this test, the participants were @dskeobserve the six plants that were
different from the plants used in the learning ghasd then identify the venation, margin,
and phyllotaxy features of each plant by the pdjzesed sheet. The highest score of the
test was 18 points and the lowest score was 0 foalitte internal consistency reliability
coefficient (KR-20) of the test was 0.75.

The cognitive load rating scale was used to nreasiue perceived difficulty of
learning with different learning materials for tparticipants. The cognitive load rating
scale was revised from Yeung, Jin and Sweller (L@9% item (e.g., “Please rate your
level of the degree of difficulty on using this leeng material to learn the characteristics
of plant leaf”) in the rating scale is shown in thkert type nine-point scale. The highest
score on the rating scale was 9 points and thedbsadre was 0 points.

2.4 Procedure
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The experiment was conducted in a real classrooherel were three phases in the
experiment, including a preparing phase, an intdgree phase, and a test phase. All
participants worked individually in all three phasaf the experiment. In the preparing
phase, participants were asked to read the oudfitiee three features of leaf morphology
and they were trained to observe the three featofdsaf. In the intervention phase,
participants learned with different versions ofrfeag materials within 8 minutes and
their cognitive load was measured immediately &ftey have finished learning. Finally,

three kinds of tests were conducted to measurecipants’ learning performance in

different conditions.

3. Results

The results of independent t-test between the coleing condition and the non-color
cueing condition showed no significant difference fearning time t(38)= 0.87.,
p>.05,0ne-tailed), cognitive loadt(88)= -0.16, p>.05, one- tailed), retention test
scoresi(38)= 0.93,p>.05,0ne-tailed), comprehension test scot@&8)= 0.23,p0>.05, one-
tailed), and application test scorg@8)= 0.97 p>.05, one-tailed). (See Table 1)

Tablel. Results of word cueing in mobile environmen
color cueing  non- color cueing

variable M SD M SD t(38) p
Learning time 5.22 120 481 1.70 0.87 .19
Cognitive load in learning phase 285 1.73 295 121 -0.16 .44
Retention test scores 995 399 9.00 2.20 0.93 .18
Comprehension test scores 740 232 7.25 1.74 0.3
Application test scores 10.20 2.84 9.40 2.37 0.917 .

4. Discussions and Conclusion

In order to reduce the risk of cognitive overload $tudents in the mobile technology
assisted learning in the physical environment, gtigdy proposed a cueing technique
named “color cueing” to draw students’ attentiornhte important information of the texts.
An experiment was conducted to examine the effécblmr cueing” in reducing students’
cognitive load and enhancing their learning pentmnce. However, the effect of “color
cueing” was not significant. The students who ledrwith the “color cueing” version did
not perceive lower cognitive load, nor have betarning performance than the students
who learned with the “non-color cueing” version.

The results indicated that the “color cueing” uded highlighting the important
learning information of the texts is not enough feducing students’ cognitive load and
enhancing their learning performance in the motelehnology assisted learning in the
physical environment. Mayer (1997) referred thatamegful learning occurs when the
learner engages in three basic kinds of cognitirecgss: selection, organization, and
integration. Although the use of color cueing cdtraat students’ attention to the
important information of the texts, it is not udefar assisting students to integrate the
information from multiple learning sources, inclodithe texts embedded in the mobile
device and authentic objects surrounding them.

The cueing technique used to support the integratf elements between multiple
learning information sources was wildly used infafiént learning environments. For
example, Kalyuga et al. (1999) used the same a@oltive text and accompanying parts of
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a graph to assist students to integrate the leguinfiormation of text and graph (i.e., color

cueing). Liu, Lin and Paas (in press) used a cuinognique named “arrow line cues” to

integrate the learning sources from texts and pstiembedded in the mobile device.
Different from the mentioned cueing techniques Wwhiere used to integrate the multiple

learning information sources of the same device, ¢heing technique that can assist
students to integrate the information from thegexthbedded in the mobile device and the
information from authentic objects is recommendedbé¢ proposed and examined in the
future studies.

Short content in each screen is the other reamoexplaining why the use of “color
cueing” could not reduce students’ cognitive load anhance their learning performance.
Due to the limited size of the screen on the mobéegice, it could only display short
content in each screen at one time, which may dseréhe necessity of using“color
cueing” to assist students to find the importardriéeng information from the texts
composed short content. Finally, due to the legrmopic of this study, which is “the
identification of leaf morphology”, the leaf mordhgy feature of six plants was used as
the example to teach the learning topic. Becauseesuf the leaf morphology feature was
introduced repeatedly, the cueing effect may beighted by the practice effect. Much
complex material is recommended to be used inthed studies.
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