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THE INTERACTIVE EFFECTS OF COLORSON VISUAL ATTENTION AND WORKING MEMORY:
IN CASE OF IMAGESOF TOURIST ATTRACTIONS

Dae-Young Kim
University of Missouri
Columbia, MO, USA

ABSTRACT

The paper explores the role that color can influence people’s visual attention and working memory through a
computer-based experiment. With the assumption that there are trade-offs between attention/ memory, and loading
tasks which create distractions (e.g., tasking/working people cannot afford to pay attention to other objects, and no
tasking people would more pay attention to the objects), the study examines the effects of colors on people’s visual
attention and the relevance of attention to retention of working memory by performing a dual-task experiment called
the box shooting test. The results show that the color effect shows significant differences on working memory
indicating that color would more significantly play a role for forming people’s memory rather than holding attention.
The possible implications are also discussed.
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INTRODUCTION

People are exposed to a tremendous amount of commercial or non-commercial information every day. The
average person would be exposed to over 1,500 advertising a day, aware of less than 70 of them, and remember only
5 to 10 ads (Kotler, Bowen, & Makens, 2010). This screening-out process can be explained by the concept of
selective attention which reduces the load on limited-capacity cognitive systems by filtering irrelevant information
from the stimulus stream (Downing, 2000). The consumer’s selective attention implies how hard it is for marketers
to successfully hold consumers’ initial attentions through advertising materials. In the marketing and consumer
behavior field, many studies suggest the importance of attentions as predictors of consumers’ attitude toward an
object or advertisement (e.g., MacKenzie & Lutz, 1989%wever, it has been noted that an important limitation of
existing research in marketing, consumer behavior and social psychology is that there are relatively less efforts to
empirically examine the role of attention in persuasion (Eagly & Chaiken, 1993).

Psychologists focused on cognitive research have been interested in how what is currently on our minds
affects what we currently look at (e.g., Desimone & Duncan, 1995; Sreenivasan, Katz, & Jah, 2007). Recent
research on the interactions between visual working memory and visual attention fits in the research question (Oh &
Kim, 2004; Soto & Humphreys, 2006). The underlying assumption is that visual attention and visual working
memory share important processes as well as content representations. Working memory is defined as the active
maintenance of a representation after the stimulus that produced it is no longer present (Downing, 2000). It is
generally assumed that working memory and attention appear very similar, in that both dimensions postulate the
activation and prioritization of information relevant to the task at hand over information that is currently irrelevant
(Olivers, 2009).

Understanding color effects on people’s attention and working memory has been an important research area
in cognitive psychology. Despite inconclusive arguments across time and settings (Madden, Hewett, & Roth, 2000),
there are few general consensus in regard to color effects. First, full color generally holds more attention than black
and white (Schaie & Heiss, 1964), and second warm colors (e.g., red) generate more arousal and attention than cool
colors (e.g., blue) (Birren, 1978). In addition, it is reported that cool colors elicit greater relaxation and pleasure than
warm colors (Jabocs & Seuss, 1975). Additional color and advertising studies suggest that background color effects
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are qualified by the contrast between the background color and the color of the text or content (Fernandez & Rosen,
2000; Hall & Hanna, 2004; Moore, Stammerjohan, & Coulter, 2005). In contradiction, Popper and Murray (1989)
examined the effectiveness of high versus low contrasting background color on the message, but found no
significant differences between the contrast conditions.

Many researchers have examined the basic link between attention and working memory considering color
effect. However, there has been little research endeavor on the issue of attention and memory in the hospitality and
tourism industry. It is logically presumed that the constructs would be more important in the field, in that most
products and services in the hospitality and tourism are symbolic and image-oriented which requires more attention
and memory. Thus, the purpose of this study is to explore color effect on people’s visual attention and working
memory by employing the images of tourist attractions as stimuli. To achieve the goal, the computerized experiment
manipulated memory load in a primary task and measured its attentional cost on a secondary task across sequential
positions.More specifically, this study examines how different colors affect people’s attentions and memory by
requiring participants to do a dual task (i.e., box shooting and seeing different types of photos).

The Effects of Color on Attention and Memory

With the realization of the importance of attention in decision-making process in consumer behavior,
advertisers and marketers devote considerable time and effort to designing attention-getting appeals. Many scholars
examining consumer behavior from an information-processing perspective argue that the attention step in message
processing controls a substantial portion of the variability in consumer decisions (e.g., Bettman, 1979). Attention has
been explored extensively by cognitive psychologist, and if broadly defined to include people’s perceptual areas
such as selective attention, distortion, and retention, it is clear that there is a great deal of relevant social
psychological research on these topics (Fiske & Taylor, 1991).

Due to several decades of intense research on understanding attention, there is now broad agreement that
attention may play a special role in integrating elementary visual features (Treisman, 1991; Treisman & Gelade,
1980). In regard to attention studies in marketing and persuasion, research on color effect examines a certain degree
of interest in how attentional processes affect persuasion. It has been noted that vivid information and color
presumably attract and hold people’s attention because it is concrete, imagery-provoking, or proximal in a sensory,
temporal, or spatial way (Nisbett & Ross, 1980). Despite some contradictory arguments that vividness effects are
primarily illusory (e.g., Collins, Taylor, Wood, & Thompson, 1988), vividness logic has been applied with some
success to issues such as the persuasive impact of pictorial information (Kisielius & Sternthal, 1984), and
eyewitness testimony (Bell & Loftus, 1989).

In regard with the effects of color on memory, it has been reported that color has been found to increase a
person’s arousal (Birren, 1978), and the arousal increases memory (Roozendaal, 2002). Wolters and Goudsmit
(2005) studied the effects of arousing events on memory revealing that subjects show a high level of recall for
details of messages when seeing vivid colored stimuli. According to Spence at al. (2006), if color can increase
arousal, and arousal can increase memory, then it is possible to assume that we could find that color can increase
memory. More specifically they found that color increased the recognition of the natural scenes by approximately
5%.

METHODS

It is hypothesized in the study that there are trade-offs between attention/ memory and processing tasks
(e.g., work loading). In other words, working (busy) people can hardly pay attention to other objects that are
irrelevant to their tasks, and less busy people can more afford to pay attention to other objects. By manipulating the
conditions that create the trade-offs, the study examine what type of color more efficiently catch people’s attention
and effectively influences working memory. To test the hypothesis, the study requires subjects to do a dual task; see
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a series of photos that randomly show up in computer monitor while playing a box shooting game. In terms of
research stimuli, the study employed typical vividness manipulations in order to examine the effects of three types
of color images on individuals’ attention and memory. It is assumed that a certain type of color (e.g., black & white
vs. partial color vs. full color) makes images more vivid and furthermore the colors would differently influence
people’s attention and memory.

The fundamental logic derived from the trade-offs between attention/ memory and processing tasks is that
if subjects more pay attention to a photo, they are more likely to make an error on box shooting. On the other hand,
if they less pay attention to a photo, they would more accurately play the box shooting game. After all, what is
measured in the study is the number of errors in box shooting for three types of colors. For example, more errors in
black and white photos than full color photos can be understood that participants more pay attention to black and
white photos, and as a result, make more errors.

SubjectsA total of 36 undergraduates (18 females and 18 males; 33 right-handers and 3 left-handers)
participated in the experiment in exchange for course credit. They were native speakers of English with normal
hearing and vision.

Selection of landmark imageshis study consists of two tasks, which used 75 image stimuli, including 25
black & white images, 25 partial color images, and 25 full color images for landmarks of tourism destinations in the
same pictures. Initially, a total of 35 images for each color type of destination landmarks were selected through
internet search. In regard to the selection of the landmark images, three conditions were considered to control
respondents’ biased feelings and pre-disposed perceptions, including (1) the images should be related to tourism
attractions, (2) the presentations of the photo images are equivalent (e.g., all photos are not too complicated or not to
simple to see), and (3) the level of awareness of the landmark images is similar among participants. A total of
twenty five images were selected by graduate students and researchers who specialize in tourism and hospitality.

Process of the experimemarticipants went through a two-stage computerized test, individually in an
image-attenuated booth. The two stages were 1) a speeded distraction task under full attention, and 2) a dual task
combining image list recall and the speeded distraction task.

Speeded distraction task stagéis stage included 33 trials of a speeded distraction task. At the beginning
of a trial, the participant saw a fixation sign of font size 30 at the center of the screen. Around the center popped up
three boxes (15mm X 12mm) with their sides parallel to the edges of the screen. One of them was centered 60 mm
above the fixation sign, and the other boxes were also centered 60 mm above the fixation sign, and the other boxes
were also centered at the distance of 75 mm from the fixation sign on its both sides. A box was randomly selected
out of the three as the target and was shown in red, whereas the other two were in white. The task was to shoot the
target box by pressing the arrow key that mirrored the location of the target box (upper, left, or right arrow). If a key
press response was absent or executed too late, a red rectangle frame around the fixation sign flashed; and if a wrong
key was pressed, no change occurred to the display. This instruction in the monitor is as follows:
“You are to play a game called “Box Shooting.” You will see a red box at one of three possible locations around a
fixation sign. Your task is to press a corresponding arrow key to shoot it before it disappears. If your shooting is
accurate and fast, the red box will be framed in blue.
However, if your reaction is not fast enough, a big red rectangle will pop up at the center of the screen instead.
Press DOWN ARROW key to start when ready.”

The display duration for the boxes was initially set as 500 millisecond (msec), but underwent continuous
adjustment. It would be reduced by 10 msec every time the participant made 3 successful responses in a row;
otherwise increased by 10 msec. Participants were instructed to rest their middle three fingers of their right hand on
the three arrow response keys in a comfortable manner and to initiate the task by pressing the down arrow key with
the middle finger when they were ready. Ninety-three trials were then automatically delivered in a row with no break.
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At the end of this stage, the average of the shortest and the last display durations determined the single display
duration to be used for each participant in the dual task in stage 2.

Dual-task stageThis stage included 30 trials that integrated the list memory task with the speeded
distraction task episodes carried out during the list maintenance intervals, These 30 trials included a block of 75-
image lists for each color type (i.e., black & white, partial color, and full color) and a block of 4-image recall lists,
each with 10 trials, randomly mixed (see Figure 1). Participants should recall the 4 image list randomly selected
from the 12 or 15 images shown in the speeded distraction test at the outset of each trial (see Figure 2). In this stage,
both the correct number of image list recall and the speeded distraction were automatically counted.

More specifically, participants were instructed to do their best on both the memory and the speeded
distraction tasks. Participants had their fingers in a ready position for the speeded distraction task before they
pressed the down arrow key to start the dual task. Each trial started with a 500-msec display of a image and a 300-
msec pause, which should be sufficient for stimulus encoding in the visual (Turvey, 1973) modalities, and then three
speeded distraction trials with no break for a period expected to be about 1200 msec according to pilot data.

Figurel
Illustration of the Speed Distraction Test

Subject should hit one
of the boxes when it
blinks by using arro
keys.
*This is designed to
distract attention to
the image

v

Meanwhile, subjects have to pay attention to a series of different types of photos
which show up randomly (Black & white, partial, and full color).
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Figure2
Illustration of the Working Memory Test

LA
1A
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Did you see this scene in this trial?
If yes, press RIGHTARROW
IF no, press LEFTARROW

RESULTS

A primary interest of this study was to examine the color effects toward images of destination landmarks.

Differences between Distraction and Image Color Typéstraction (i.e., the number of errors in the box
shooting game) was measured using the number of correct distraction shooting. ANOVA test was conducted to
examine the differences between distraction and image color types (i.e., black & white, partial color, and full color).
The results indicate that there are not statistically significant mean differences between the number of distractions
and image color types F(2, 107)=0.758, p=.471 (See Figure 3).
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Figure3
Differences of Distractions between and I mage Color Types
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Differences betweedemory and Image ColTypes ANOVA test was conducted to identify t
interaction between memory and the three different image color types (i.e., black & white, partial color,
color), there are statistically significedifference of memory between the different typesrages, F(2,
107)=3,841, p=.025 (see Figurk thdicating that memory varies depending on the different color types in
images.

Figure4
Memory Differences between | mage Color Types
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Interaction between image color types and distractiomemory:3 x 2 ANOVA test was conducted
examine the interaction between image color types (i.e., black & white, partial color, and full color) and di
(high vs. low)on memory. The result shows that there is not a statistically significaniction between imag
color types (i.e., black & white, partial color, and full color) and distraction on memon108)=1.762, p=.12
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(See Figure p indicating that although the color types cause the formation of positive memory in a certain s
memory would not vary depending on the distractions in different color 1

Figure5
Interaction between image color typesand distraction on memory
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CONCLUSIONSAND DISCUSSIONS

Marketers and advertisers face real struggles getting consumers to pay attention to their advertise
messagesAs marketers and advertisers consider various advertising alternatives, it is essential to unders
about the role of color in adutisementsBased upon salient color theory and research (e.g., Birren, 1978),
anticipated that the different types of colors would impact consumers’ visual attention to the contents
working memory. In contrasb the expectations, but consistent with the results by Gorn et al. (1997), the co
has a limited role as a visual cue in this stiThe results of the study reveal color effects on working mel
indicating that full color images more significey remains in people’s working memory than the other two ¢
types. The color effects, however, has not found in visual attention. The results from the experimen
information regarding the use of colors, and attracting consumers’ attention ierating working memor

The research is anticipated to make a contribution to our understanding of effects of color in the hi
and tourism research field. In all, this study provides some insights to hospitality and tesearch by providin
theoretical and methodologicedntributions. First, this stucshed light on the role of color in attracting attent
and generating memory within the context of the hospitality and tc Second,His research is anticipated
contribute to the realm dfospitality anitourism study by proposing an alternative approach to meconsumers
attention and memory through a computer experimental design. As seen, survey methods predominthe
hospitality andourism research area, and as a reshere is a paucity of experimental research end that
examine consumers’ cognitive psychol. Third, the findinggdraw attention to the need to understand ht-
computer interactions and how aspects on digitalized color influence attention and nince this study emplo
the personal computer for presenting the contents. Future studies might examine the effects of other chat
such as the font size, the modality of presentations, use of animation and video clip, and the rate of pion
consumers’ attention to the message (Moore at al., 2005). Obviously, there are many challenges an
guestions that we have not explored yet particularly in the hospitality and tourisi
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