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Introduction

Presentation software is widely used in many 
academic and business settings around the world. 
Some have negatively called it “no golden bullet” 

(Rowcliffe, 2003); others have called it the “Viagra 
of the spoken word” (Blokzijl & Naeff, 2004). One of 
the most popular packages is PowerPoint (PP) made 
by Microsoft Corporation. Even though it has been 
ridiculed and negatively joked about, presentation 
software or PowerPoint has more than 500 million users 
with an average of 30 million presentations performed 
in one day and an estimated 1.25 million presentations 
taking place every hour (Parker, 2001; Mahin, 2004). 
Approximately six million educators in this world use 
this software in the classroom (Panjwari, Gupta, & 
Toyama, 2010). The average PowerPoint presentation 
runs 250 minutes, and each slide has about 40 words 
(Atkinson, 2009). 

Academic research has been slow to record the 
effects across a wide breadth of factors as to the use 
of presentation software in the classroom. A student 
in a PowerPoint presentation has visual and aural 
information to understand and retain, in addition to note 
taking. The ultimate goal of a presentation is to present 
as much information as possible that can be retained 
when the student leaves the classroom. This overload 
of information has been the argument for PowerPoint’s 
non-use, especially by Dr. Tufte of Yale university in his 
booklet “The Cognitive Style of PowerPoint: Pitching Out 

Corrupts Within” (2006). According to Tufte (2006), this 
software confuses, bores and ultimately puts observers 
to sleep due to cognitive overload. However, PowerPoint 
is almost indispensable today in the classroom and is a 
most promising application of educational technology. 

This paper analyzes one of PowerPoint’s visual 
attributes, background color, and its effect on retention. 
Most literature and research within the past 15 years 
do not even mention the background color of test 
presentations. However, Salomon (1994, p. 62), in his 
book “Interaction of Media, Cognition, and Learning” 
observed that a meaningful media attribute should 
make some discernible difference in “information 
processing.” He goes on to report that these “symbol 
systems” seem to play differential roles in cognition 
and learning. (p. 103). Presentation slides therefore 
must “center on how such slides symbolically convey 
instructional messages and on how such symbols 
alter information processing.” (Levasseur &Sawyer, 
2006, p. 103). This research will show that the semiotic 
characteristic of background color in presentation 
slides is an important piece of the cognition puzzle and 
a physiological construct that correlates to retention in 
the brain.

Literature review
 In order to explore these basic design factors, 
we need to build on previous work in the areas of 
perception theory and cognitive overload theory. 
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This paper explores the visual perception retention rate in PowerPoint presentations varying 
only one variable, background color. This research was also carried out in Japan and the 
USA to determine if perceptual differences occur based on retention rates across cultures. 
This research topic is the result of the instructor’s, an American based in Japan, noting of a 
consistent pattern in the difference in instructor’s evaluations and student’s peer evaluation of 
in-class presentations. In this research, 358 Japanese university and 111 American university 
students were shown one of 5 different background color presentations (white, yellow, blue, 
dark blue and green). After viewing the presentation, they were then given a survey to test 
for retention rates. After analysis of this data, an intra-cultural retention rate difference was 
noticed. In addition, a retention difference was also observed for different background colors 
inter-culturally.



Basic perception theory is separated into three parts: 
aural, haptic and visual. Visual perception provides 
80% of our perceptual information (Wood, 1999). When 
viewing a PowerPoint presentation, perceptual factors 
such as how pictures are presented, number of words 
per slide, colors used, and font styles have a direct effect 
on retention. 

Color perception theory for instructional technology 
was analyzed by Pett & Wilson (1996). They define 
color perception by using three categories, “color as 
physiological, color as psychological and color and 
learning.” I will address these topics one by one.

Color as physiological: How we physically see color
Defining a color in terms of its wavelength is only part of 
how we define color. Humans see color according to 5 
factors: hue, saturation, value, arousal and acuity. Hue 
is defined as the color we actually see - red, green, etc. 
A color hue is determined by the wavelength it emits 
in nanometers. The CIE Chromaticity standard was 
designed in 1931 to determine a hue and saturation of a 
color in numerical terms (Diagram 1). The design of this 
human color perception diagram is in 2 dimensions.

Diagram 1: Light emitting diodes (taken from 
     Schubert, 1987, p. 248).

The middle of the diagram represents white with no 
saturation of any color. As the saturation of a color 
deepens, it moves out toward the boundary. The outline 
of the triangular shaped image is the hue of a color 
(wavelength, in nanometers), which represents 100% 
saturation. A value of a color is represented by how 
much white or other color is mixed into that color. Pastel 
versus brilliance of color determines this characteristic. 

Another factor is arousal. Some colors have an effect 
on a person’s heart rate or thoughts. A psychological 
reaction brings about a physical response. Mackiewicz 
(2007, p. 147) stated:

“It is important to consider color choice when 

designing PowerPoint slides because warm colors 
generate quite different psychological responses 
than cool colors. Warm colors are considered 
arousing and active, and lead to higher levels of 
anxiety. This perceived response is likely related 
to warm colors’ greater ability to draw attention 
than cool colors’ ability to do the same, which is 
the reason behind guidelines to use warm colors to 
emphasize and to make main points. Cool colors, 
on the other hand, are perceived to be peaceful and 
calm and relaxing and pleasant. Such responses to 
cool colors are likely part of the reason that cool 
colors were found to be more attractive than warm 
colors in retail environments. Physiological research 
correlates with people’s psychological perceptions 
of color. Measures of palmar conductance as 
well as blood pressure, respiratory rate, eye blink 
frequency, and galvanic skin response show that 
yellow and red, warm colors, generate a less relaxed 
state than blue.”

But Mackiewicz (2007, p. 148) continues with a very 
important aspect concerning color later in this paper: 
“cross-cultural research on color perception must be 
considered when examining preference for meaning 
associated with warm and cool colors preferences.” 
This statement is the basis for the hypothesis of this 
research.

A final characteristic to be noted is acuity, the ability 
to read a color legibly. This is an important factor 
contributing to the ability to read colored letters 
on certain backgrounds or surrounding objects in a 
presentation slide.

Color as psychological: How we think and feel about 
color
 Pett & Wilson (1996) state that the psychological 
aspects of color that are of interest to instructional 
designers can be divided into three broad areas: 
preference, meaning and harmony.

Color preference
Color preference research can be dated back to as 
early as 1894. Overall, many studies from 1941 to 1963 
concluded that blue was the most preferred color across 
races and gender (Guilford & Smith, 1959; Karpowicz, 
Lazreg, & Mullet 2001 as cited in Mackiewicz, 2007).

Hurlbert & Ling (2007) analyzed color preference data 
in terms of the two dimensions of opponent cone-
contrasts: the Long and Medium wavelength axis (Long-
Medium wavelength (L-M)) that runs from red to blue-
green and the Short wavelength ((S)-axis [S-(L+M)]), 
that runs from violet to yellow-green, where “S,” “M,” 
and “L” refer to the outputs of short-, medium-, and 
long-wavelength cone types, respectively. The cone-
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contrast model explains 70% of the variance in Hurlbert 
& Ling’s (2007) preference data on a limited amount of 
colors. Both males’ and females’ preferences weighted 
positively on the S-axis, meaning that both sexes 
preferred colors that were more blue/violet to colors 
that were more yellow-green.

Color meaning
Color meaning is a culturally based interpretation and 
cannot be generalized (Pett & Wilson, 1996). Experiments 
revealed in Pett and Wilson (1996, pp. 22-23) showed a 
preference for cool colors versus warm colors. Warm 
colors were defined as reds and yellows whereas cool 
colors are defined as greens and blues. Additional 
research defined colors that were heavy (somber, dull) 
and light (airy, less heavy). Heavy colors are defined as 
dark and light, for example, yellow. Some colors were 
also defined with words like “comedy” or “happiness” 
versus “tragedy” or “sadness” (Huchendorf, 2007). The 
list of characteristics associated with the meaning of 
colors is long and varies widely across cultures. For 
example, Adams & Osgood (1973), in their study of 23 
cultures, used semantic scales to measure evaluation, 
potency and activity and determined that perceived 
warm colors were red and yellow and cool colors were 
defined as blue and green. To determine a meaning 
of a color, a culture must first be specified and these 
attributes can then be defined and analyzed. Most 
research is deficient in this area.

Color and learning
Color and learning can be defined into 5 categories that 
should be considered when designing slides for lectures. 
These qualities are defined as attention, readability, 
preference of color, preference related to retention, and 
retention (Pett & Wilson, 1996).

a.    Attention: This characteristic has been noted 
        to have positive research results pertaining to 
        the use of font color for key concepts which 
        promoted better attention and resulted in 
        better retention (Wehr & Wippich, 2004).
b.    Readability: This concept can be connected 
        with the physiology of the human eye. Using 
        red lettering can distract or make a word 
            unreadable when used with certain background 
        colors, for example, green. Many times what 
          looks good on the computer display may not be 
        easily readable or difficult to read when 
        projected. Consideration should also be made 
        as to how the presentation will be displayed. 
        A large LCD display or a projector changes the 
        way colors are displayed in a large room and 
        affects the readability.

c.    Preference of color has been shown to affect 
        retention or distract from the message of the 
         presenter. Cultural components to the meaning 

        of color and how it is used can distract from 
        the message or concepts the educator is 
        trying to teach. Concerning background 
        colors of PowerPoint presentations, Apperson 
        et al. (2008) found students slightly preferred 
         a colored background (pastel, bright or dark) to 
        a white background presentation. The reader 
        of this research can assume that the tested 
        subjects were in the USA. However, even if the 
        tested subjects were at an American university, 
        could there have been any foreign exchange 
        students? If so, how long have they been in the 
        United States? These are important variables 
        that need to be considered.
d.    Preference and retention has been shown to be 
        related in many examples from research before 
        the computer usage in the classroom. These 
        pertained to transparencies and affective 
        meaning of pictures in aiding young learners. 
        Later, colors used in displays/ textbooks were 
        determined to capture attention and help 
        students organize material cognitively 
          (Seaman, 1998), which leads to better retention. 
        Students used these color codes to organize 
         complicated concepts or make relations 
         between new and old information. 
e.    Retention: Savoy et al. (2009, p. 860) stated that 
         “students pay attention to the material  
        presented visually on the slides and not what 
        the presenter is saying.” Szabo & Hastings 
        (2000) also proposed that the PowerPoint 
        package features (color, graphics, animation, 
         bullets,  etc.) may benefit retention of 
         information. Currently, research is leaning 
         toward the use of PowerPoint versus Chalk and 
         Talk lectures (Gurbuz et al., 2010). 

Cognitive principles and media learning
 Cognitive Overload theory is not new to 
computer software presentations. Chandler & Sweller 
(1991) introduced this theory in formats of interaction. 
They stated that “Traditional methods of instructional 
design based on visual elegance, common sense and 
convenience are inadequate” (pp. 293-294). Cognitive 
load theory is “concerned with the manner in which 
cognitive resources are focused during learning” (p: 
294). Chandler & Sweller concluded that there are two 
main types of cognitive load: intrinsic and extraneous. 
Intrinsic cognitive load is defined as how inherently 
difficult something is. Extraneous cognitive load is 
the extra work imposed by the thinking and learning 
environment. For PowerPoint usage, this theory 
can be applied to the design of slides created by 
educators. Complicated color schemes, background 
pictures or other visual accoutrements that do not 
have any connection with the subject presented can 
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be a distraction and add to the brain processing of 
information and concepts being taught. In addition, 
designing presentation slides into smaller chunks of 
information that can be easily processed by the brain 
should also be considered when designing a lesson. 
The processing in the auditory cortex (listening to the 
presenter) and the over stimulation of the visual cortex 
can also lead to boredom and less retention.

Do educators consider the limitations of working 
memory with background color? Research indicates 
that 3-5 chunks of information can be retained by 
the human brain (Cowan, 2000). Though not directly 
mentioning PowerPoint as a device for learning, this 
question should be applied on how we design our 
instructional material in the classroom. Isarida et al. 
(2012) stated that episodic memory consists of 2 parts, 
one of which is context. This part of memory can be 
the spatial contexts or ‘environmental contexts” such 
as visual features that include features on a computer 
screen (combinations of foreground color and 
background color). Do we, educators designing our own 
computer generated slides, consider the effects of using 
this method of teaching as an enhancement to learning 
or a convenience to ourselves? Of course, the well- 
known theory that relevant pictures to a topic being 
presented enhance learning has been shown (Wehr & 
Wippich, 2004), but when educators use data tables, 
charts or graphs in addition to the lengthy descriptions, 
is the amount of information put on one slide being 
considered in the design of these materials? Basic 
design factors, such as background color for example, 
has to be the basic building block of research on the 
effectiveness on retention of the information we hope, 
as educators, to impart to our students.

In summary, physiological, psychological and the 
cognitive loading of visual input are factors that have 
to be considered when designing media to use in the 
classroom. This study has considered color perception 
and its use in computer generated slides as a factor that 
effects retention.

Method
Participants

Data were collected from 358 students between the 
ages of 19 and 23 at three different universities in Japan 
across different undergraduate faculties. Data in the USA 
were collected from 111 students from four universities 
from undergraduate and graduate programs.

Materials
A presentation of a basic recipe was developed entitled, 
‘How to Make Oven Hot Cakes”. (Appendix 1a/1b) This 
presentation was designed in English and Japanese. 

Items per slide, morphemes and timing per slide were 
designed to be the same for the same information 
displayed to keep variables to a minimum. 

For the USA and Japanese versions some numerical 
information was displayed differently because of normal 
cooking usage terms. For the Japanese presentation, 
grams were used for ingredients such as flour. In the 
English version cups was used. Temperatures were in 
Fahrenheit in English and Celsius in Japanese.

Each presentation was pre-recorded and burned 
onto a CD. The classrooms where the presentations 
were conducted were at different institutions. Room 
characteristics such as lighting and distance from 
the screen could not be controlled. In addition, flat 
screen panels and projectors were both utilized. Since 
these presentations were presented over a two year 
period, it was not possible to test different background 
color presentations on one projection system or one 
university faculty to keep variables to a minimum. 
Microsoft PowerPoint was used for all presentations. No 
pictures were used in the presentations. 

Procedures 
Students were told that they would watch a short 
presentation and asked to fill out a simple 9-11 question 
survey. The students were not allowed to take notes. After 
the presentation, two different kinds of surveys were 
distributed. A student had either an “a” or “b” survey 
(Appendix 2). The questions were basically the same but 
in a different order. The use of 2 surveys was employed 
to deter copying of answers between students. Students 
were instructed to leave the question blank if they did 
not know the answer or to write a partial answer if they 
did not know the complete one. There was no time limit 
to answering the questions. The survey was based on 
questions in the order of the information presented, 
typical of comprehension questions on an exam. 
Numerical, procedural and sequential questions were 
asked. 

The presentation had one changing variable, background 
color. For the first stage of the Japanese presentations, 8 
colors were chosen to represent the color spectrum and 
commonly used colors in classroom/ computer systems. 
These colors were: orange, yellow, green, black white, 
rose, medium blue and dark blue. After careful analysis 
of survey responses, the top 4 colors were chosen and 
white was used for the second phase of surveys. The 
USA presentations used green, yellow white, blue and 
dark blue backgrounds. All colors were bright in color 
with no pastel varieties. The hexadecimal codes were as 
follows: (see Table 1)
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Table 1: The hexadecimal codes
Background 
Color 

Hexadecimal Color Number
Red Green Blue

Blue 51 51 204
Dark Blue 0 51 153
Green 102 255 102
White 255 255 255
Yellow 255 255 102

All presentations (Japanese and English) used black 
lettering with exception of the dark blue presentations 
which used white and the English (USA) blue version 
which used white also. For the Japanese presentation, 
the font style used was “ＭＳ Ｐゴシック” with 54 and 
44 font size for titles and 40 font size for information. All 
characters used “bold weight” for readability purposes. 
The English presentation used “Ariel” because of the 
clean lettering with no use of serifs. Font sizes were 44 
for titles and 40 for information.

Information presented on each slide varied from the 
title slide with one concept to slides containing 2 to 4 
pieces of information. See Appendices 1 and 2 for the 
slides of the How to Make Oven Hot Cakes presentation 
in English and Japanese.

Results and discussion
 The results of each question response were 
put in numerical data form. Each question answer was 
given a numerical value, so partial credit can be given 
for partial answers. For example:

Question: How much syrup is needed for each portion?

Japanese answer: 1小さじ two characters (小 meaning 
small, and さじ meaning spoon) plus one number. Each 
character/ number is worth 1 point and a maximum of 4 
points was given for a complete correct answer.

English answer: 1 teaspoon. Two words and one 
numerical answer. Each word/ number is worth 1 point 
and a maximum of 4 points was given for a complete 
correct answer.

These numerical values were then calculated for an 
overall percentage correct result. This data was then 
analyzed using a basic descriptive statistic analyzer. 

Table 2 shows the overall score of 9 questions combined. 
For the Japanese and American test presentations, both 
scored highest for mean correct answers in the blue 
range. Japanese students scored higher in the dark 
blue and American students scored highest in the blue 
presentation.

Table 2: Data Analysis of Percentage of Correct Data 
       per Background Color Presentation

Japanese Results
Statistic Yellow White Green Dark 

Blue
Blue

N 42 73 44 59 45

Minimum 13.890 0.000 5.560 11.110 5.560

Maximum 88.890 100.000 91.670 86.110 85.190

Median 44.440 55.560 44.445 58.330 33.330

Mean 43.033 51.928 48.128 54.473 37.490

Variance (n) 367.249 474.469 407.997 339.924 334.478

Variance 
(n-1) 376.206 481.058 417.486 345.785 342.079

Standard 
deviation (n) 19.164 21.782 20.199 18.437 18.289

Standard 
deviation 
(n-1)

19.396 21.933 20.432 18.595 18.495

American Results
Statistic Yellow White Green Dark 

Blue
Blue

N 16 28 17 21 29

Minimum 31.580 5.260 25.810 15.790 15.790

Maximum 89.470 87.100 77.420 90.320 100.000

Median 57.975 53.735 52.630 57.890 57.890

Mean 55.400 52.237 49.405 54.243 60.423
Variance (n) 352.279 334.561 224.064 303.201 531.639

Variance 
(n-1) 375.765 346.952 238.068 318.361 550.626

Standard 
deviation (n) 18.769 18.291 14.969 17.413 23.057

Standard 
deviation 
(n-1)

19.385 18.627 15.429 17.843 23.465

A t-test of the highest scoring surveys gave the p value 
as shown in Table 3. This analysis validates that the data 
collected for this research is statistically significant.

Table 3: Data Analysis Comparison of Highest Correct Answers vs. Lowest Correct answers

                                   95% confidence interval on the 
  USA results comparing Blue and Green:                 difference between the means:

Variable Obser-
vations

Obs. with 
missing 
data

Obs. without 
missing data

Minimum Maximum Mean Std. 
deviation

Green 17 0 17 25.810 77.420 49.405 15.429

Blue 29 0 29 15.790 100.000 60.423 23.465

 

Difference -11.018

z (Observed value) -1.918

|z| (Critical value) 1.960

p-value (Two-tailed) 0.055
alpha 0.05
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Analysis of factors contributing to noted differences

1.    Light background and dark font vs. dark 
        background and light font

Zufic & Kalpic (2009) did an experiment using computer 
monitors and tested whether text or background color 
influenced learning. For this experiment, black text and 
white background were the control group combination 
for the display. In addition, in this experiment the 
students were required to read a text for a fixed amount 
of time, then asked to recall the text by writing down 
what they remembered. The most interesting results 
came from the actual percentage of remembered terms 
on the color slides. 

For this experiment using white as a control, the 
following results are noted (see Table 4).
  
  Table 4: Overall results compared with White Overall   
                    Results (Correct Answers)
            *= white lettering   **= black lettering

Japanese 
(%)

Japanese 
%--
Japanese 
%White 

American 
(%)

American 
(%)—
American 
(%) White 

Yellow 43.033 -8.8895** 55.4 3.163**

White 51.928 0** 52.237 0**

Green 48.128 -3.800** 49.405 -2.832**

Dk Blue 54.473 2.545* 54.423 2.186*

Blue 37.490 -14.438** 60.423 8.186*

From the analysis above, the first characteristic that 
reveals a significant contrast is between the black 
lettering and the blue background color. This readability 
factor had an effect on retention scores when compared 
with the other contrasting background colors and text. 
Dark blue, for both Japanese and American values, had 
similar contrasts with their white presentation scores. 
But the biggest difference was recorded with the yellow 
background color presentation. Szabo & Hastings (2000) 
found that US students preferred light background and 
dark font (62.7% agree or strongly agree) as opposed to 
dark background and light font (20% agree or strongly 
agree). In this study, black and white was given a 3.9% 
approval with 88.8% strongly disagreeing. ??

2.    Number of items per slide and retention
Psychologists researching memory have used the term 

of the brain digesting “chunks” of memory. In 2000, 
Cowan stated that four is the number of chunks that 
the human brain can process. This research can be 
applied to the number of concepts or items to retain 
and remember that PowerPoint designers place on a 
slide. The typical PowerPoint design books recommend 
one concept per slide, but many times this can be too 
much if we want to display numbers or amounts as the 
test presentation did in this experiment.

From the theories of Cowan (2000), the presentation 
used in this study should have no noticeable issues for 
memory retention, but we can see a pattern in the results 
of the surveys. The one concept slide had the highest 
retention of information across Japanese and American 
results. For the two concept slides, correct results were 
consistent for all but one slide and the color slide having 
the highest retention was found to be similar. For the 3 
concept slides, the results were different. 

3.    Order of information represented
For questions earlier in the presentation, the American 
students had higher retention rates for the first four 
questions and all but one were for different color 
backgrounds. As the presentation continues, the 
Japanese results are higher, again with different colors 
noted. Out of the seven questions noted in this analysis, 
only two questions had the same color for the highest 
retention. One question had a similar retention rate of 
that same color.

4.    Perceptional difference across cultures and the 
        effect on recall

Cross cultural perception has been the interest of this 
author since experiencing peer evaluation versus 
instructor evaluations with presentations in the 
university classroom. In addition, Nisbett (2003, p. 82) 
presented an interesting research topic concerning 
perception and cognition between Westerners and 
East Asians, noting that East Asians view the world 
holistically, attending to the entire field and relations 
among objects, Westerners view the world analytically, 
focusing on attributes of salient objects (Nisbett & 
Masuda, 2001). Also of note is Porter (2012, p. 6) who 
states: “Companies wanting business in other countries 
have to consider the implications of using color in 
their business presentations.” Different cultures have 
different names for colors, but this difference is noted 

                                   95% confidence interval on the 
  Japanese results comparing Blue and Dark Blue:                difference between the means:

Variable Obser-
vations

Obs. with 
missing 
data

Obs. without 
missing data

Minimum Maximum Mean Std. 
deviation

Blue 45 0 45 5.560 85.190 37.490 18.495

Dark 
Blue 59 0 59 11.110 86.110 54.473 18.595

Difference -16.983

z (Observed value) -4.629

|z| (Critical value) 1.960

p-value (Two-tailed) < 0.0001
alpha 0.05
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in children as they learned names of colors in their 
language. Infants were noted to distinguish between 
colors (Franklin et al., 2008), but, once they acquired 
the name, the ability jumped over to the left brain 
hemisphere from the right. A different part of the brain 
for processing means that it is encoded for a different 
meaning. According to Bhatia (2012), “Infant brains are 
rewiring themselves to absorb our visual language.” 

In addition to the analysis of Baddeley & Hitch (1974), 
they define working memory as explicit and implicit. 
Background colors, being a room color or a background 
color of a presentation, have an effect that can be 
determined as an implicit memory component. This 
implicit memory also has an emotional component 
that can be related to the emotion of a color. Frager & 
Fadiman (2005) state that we are all born with a basic 
psyche that can later be differentiated based upon 
personal experience. These experiences are used to 
understand and encode what we see. For this research, 
we can hypothesize that cultural meanings of colors can 
generate a physical response. This response, depending 
on the encoding of the color, can also generate an 
emotion or feeling. One emotion, anxiety, can interfere 
with retention and recall by disrupting the channel 
of the working memory (MacIntyre & Gardner, 1994; 
Tobias, 1983).

One further note is the research produced by Jalil, 
Yunus, & Said in 2012. Their paper analyzed 40 color 
studies selected from various disciplines on the impact 
of color on humans and noted that previous studies 
showed inconsistent and unclear color effects. They 
further emphasized that out of the 40 research articles 
they reviewed (ranging from 1964-2011), only two 
research articles considered how people respond to 
colors differently based on culture. This research review 
has also been noted to separate psychological and 
physiological assessments. Only five of these papers 
included the physiology component. None were noted 
to separate the nationality or culture of the test subjects 
in their research, thus showing a body of research that 
has been overlooked or the assumption that it is an 
innate trait in all humans.

5. Short wave versus long wave colors: Data 
comparisons

Diagram 4: Visible Light Spectrum Wavelengths

Table 5: Average Correct Scores %
Japanese (%) American (%)

Yellow 43.033 55.4
White 51.928 52.237
Green 48.128 49.405
Dark Blue 54.473 54.423
Blue 37.490 60.423

Looking at the overall correct scores (Table 5) for each 
presentation, the theory of blue or short wave colors 
having an effect on retention is supported by the 
data. But an exception is noted with the yellow result 
of the American students. The low blue result of the 
Japanese students can be due to the low contrast of 
the background color and text. The high yellow result 
recorded needs further investigation as to why this was 
recorded with a high retention score. One consideration 
for this data recorded is the work by Apperson et al. 
(2008). This research measured the preference of certain 
PowerPoint characteristics from university students 
surveyed in the USA (* this author assumes USA 
because the authors of this paper were from USA based 
institutions). A Likert scale was used with the score of 
seven being labeled as “strongly agree”. The results 
indicated a measure of 4.26 for the statement ‘I prefer 
the bright colored backgrounds on PowerPoint slides.” 
The statement, “I prefer darker colored backgrounds 
for PowerPoint slides.” received a 4.01 score. Therefore, 
a preference is noted in the American group. This can 
explain the higher retention rates in this group.

Another consideration can be placed on the type of 
student in the classroom participating in the test 
presentation. The majority of the yellow presentation 
USA data came from a predominantly Caucasian 
student body (86%) as compared to the other American 
universities tested using the other colors that had a 
41% Caucasian student body. This is another factor that 
needs to be investigated.  

6.   Additional Effects to Consider on the Data 
       Collected

An additional piece of the research question is the 
consideration of any visual disabilities that could affect 
the results of the data recorded.  Colorblindness must 
be considered when designing presentations since it 
is a recognized condition across all populations and 
can also vary according to the sex of the student. This 
condition is defined as the ability to perceive some or 
no colors. In the United States, one out of every 10-12 
males and 200 females is believed to have some sort 
of colorblindness. In Japan, one out of every 20 males 
and 500 females suffers a form of this condition. (Color 
Universal Design Organization, 2013) This condition 
is more prevalent in the United States and must to be 
considered when designing presentations especially 
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to male dense audiences. It is also a variable that can 
change research results in this experiment. The gender 
of the participants was not noted on the surveys.

Conclusion
 The choice of background color for presentations 
in the classroom has rarely been given consideration 
based on cognitive principles. The popularity of 
PowerPoint usage in education and business must 
consider this visual language component as a factor 
in attention and recall. In addition, the cross cultural 
meaning of color and the human body’s psychological 
and physiological effects must also be considered when 
designing with this multi-media tool. The research 
presented in this paper carried out a cross cultural 
recall survey based on a presentation developed with 
one design variable, background color. Intra-culturally, 
a strong positive recall rate was observed for blue hue 
presentations. The Japanese subjects were noted 
to favor the dark blue presentations as compared to 
the American subjects, who favored a medium blue 
presentation background. Inter-culturally, the second 
and third highest recall rates were very different and 
proved that color interpretation and encoding is not only 
an innate reaction, but contains cultural components 
that need to be taken into consideration when designing 
for specific audiences. In addition, contrast of the colors 
of the lettering and background was proven to have a 
direct influence on recall.  

Further research is also noted concerning gender 
differences and type of information presented with 
regard to background color. With the familiarity of use 
of presentation software today and the myriad of colors 
and background templates available, research needs 
to see beyond the blue or red paradigm noted in the 
majority of studies referencing this field of study and 
expand their research across cultures and disciplines. 
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Appendix 1a English Presentation

Appendix 2 Student Surveys A and B

Participant # ______  Survey a/b
Thank you for participating in this survey.  You help will greatly help 
me with my doctoral research. After watching and listening to the 
presentation, please answer the questions. If you do not remember 
the answer, please write ‘Don’t Remember’
Thank you!      
What is your native language? ____________________
What other languages do you speak? ____________________
How long have you lived in Japan?___________________
Please list any other countries that you have lived in for more than 1 
year: Country  Length of time lived
 ____________ ____________________

1.    (a/b)What is the name of the recipe?
2.    (a)How much cinnamon is used? (b) How much brown 
              sugar is used?
3.    (a)How much milk is needed? (b) How many eggs are 
              needed?
4.    (a) How much strawberries are needed? (b) How much cake 
              flour is needed?
5.    (a) What is the temperature of the oven? (b) What is the size 
              of the pie plate?
6.    (a) Do you add the butter before or after you pour the batter 
              in the pie plate?      
       (b) What is the temperature of the oven?
7.   (a) How long do you blend the batter in total? 
        (b) Do you add the butter before or after you pour the batter 
              in the pie plate?
8.   (a) How long do you bake it for? (b) How long do you blend 
              the batter in total?
9.   (a) How much syrup should you serve it with? 
       (b) When do you sprinkle the sugar and cinnamon, after or 
              before baking?
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