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ABSTRACT

Introduction: Colour has a potential influence on learning
by improving Short Term Memory (STM) in different settings.
Background colours of study materials can have an impact
on STM in healthy student population. Enhanced memory
can improve academic performance in students. In this study
background colour between chromatic/yellow and achromatic/
white colours were compared.

Aim: To compare the effect of white background black text
with yellow (preferential colour chosen via voting by students)
background black text of study materials on STM.

Materials and Methods: A cross-over study design was conducted
in a tertiary care hospital of southern India with an interval of two
weeks in October 2018. Two groups of 27 students each were
assessed for visual STM using word list recall in a cross-over design
study with an interval of two weeks duration. Data was collected
as number of words and correct number of words recalled, from

INTRODUCTION

Colour as a visual experience, has been shown to have a significant
impact on memory [1,2]. Colour has been used as an influencer in
marketing, sports and communication [3]. In clinical settings, the
use of colour has been found to be beneficial in elderly patients with
dementia [4] and in children with dyslexia, autism spectrum disorders
[5,6]. Colour is known to enhance memory performances as it has a
significant influence on the level of attention, emotional arousal [7,8].
Few studies done in educational settings by manipulation of colour
have enhanced memory and classroom learning [9,10], thus improving
academic performances [11]. Impact of colour on STM of students
has shown positive results in colour studies predominantly done on
foreground aspects like colours of words/shapes of pictures [12-
15]. Background colours when in right combination with foreground
colours have significant impact on memory retention [16,17]. Studies
on colour can bring about changes in the routine curriculum of
imparting education, thus making this study on colour important.

Memory being a psychological construct when measured under
similar conditions maximises its reliability and validity [18]. In a
cross-over study design each subject act as his/her own control
and thus minimising variability and outside confounders such as
varying intelligent quotients, language barriers etc., [19]. Previously,
done studies have not explored this study design and hence such
an attempt has been done in this study.

White background colour is the most common background colour
used in online/offline materials and thus was chosen as the first colour
for comparison. Nextly, colours such as yellow, orange and peach are
the most beneficial background colours on reading abilities [20]. The
aim of this study was to compare the effect of white background
black text with yellow (preferential colour chosen via voting by
students) background black text of study materials on STM.
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the word list. The obtained data was then put to statistical analysis
using statistical software IBM Statistical Package for the Social
Sciences (SPSS) version 25.0.

Results: Out of total sample of 54 students, 13 were males and
41 were females. The males and females were comparable with
age with p-value of 0.25 which was not statistically significant.
The analysis showed that there was no statistically significant
difference in the number of words and number of correct words
recalled between white and yellow colour backgrounds in both
the sessions. There was an overall improvement in the recall of
words in both test materials from first session to second session.

Conclusion: Chromatic/yellow background colour was no
better than the standard achromatic/white background colour.
Improvement in the number of words recalled from first session
to second session with both colours appeared to be due to
carry over effects.

Keywords: Achromatic, Chromatic, Colour blindness

MATERIALS AND METHODS

Across-over study design was conducted in a tertiary care hospital of
southern India with an interval of two weeks in October 2018. Study
was started after obtaining Srinivas Institutional Ethics Committee
clearance (reference number 2018/10/10/8). Informed consent for
participation in the study was obtained from the students.

Inclusion and Exclusion criteria: In this study, 54 undergraduate
students of physiotherapy in the age range of 20 to 22 years were
recruited. Consented students were screened for colour blindness
using Ishihara 14-plate colour plates and none were found to be
colour blind. Those students who were diagnosed with epilepsy
or who were on antiepileptic/psychotrophic medications were
excluded from the study.

Sample size calculation: The sample size was calculated to be 56
with the parameters of power of study at 0.08, alpha error at 0.05
and effect size at 0.32 [21].

Visual STM was tested using a word list obtained from online source
Briangle.com [22,23]. The word list had single 40 words, each word
had five letters, which were not in synchrony nor related to syllabus
of physiotherapy. The word list in black texts with times new roman
font 20 size, were printed on A4 (8.27x11.69 inches), 75 Grams
per Square Meter (GSM) white and yellow papers. A total of 54
students were randomly divided into two groups of 27 each and
test materials were administered separately in the morning around
11 am. One group of 27 students were given word list recall in white
background black text papers and other group of 27 students were
given same word list recall in yellow background black text papers.
After five minutes of handing over word list, papers were taken back.
A time of five minutes was given to read the word-list recall on lines
of previous studies where in time duration varied from one minute
[21], three minutes [23] up to ten minutes [24]. Immediately, later a
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mathematical work termed as ‘Math Play’ taken from Braingle.com
[25] was given for five minutes to avoid mental rehearsal of words
[24] and to enhance complexity of attention span in order of higher
cognition [26,27]. Based on context dependent memory [17,28],
those who were given white background were given white paper
and yellow background were given yellow paper to write down
recalled words. Students could write down the list of words which
need not be in the same order given in the word-list.

After two weeks/14 days with cross-over design the same procedure
with same word-list recall was repeated at 11 am [11,29]. The
second session was not informed to the students to avoid probable
rehearsal of words [7]. Words were analysed for number of words
and number of correct words because in our study the test materials
were of incongruent colours and hence the recall response should
exclude inaccurate words [27,30]. Scores after both the sessions
were not revealed to prevent the bias of regression to mean [31].

STATISTICAL ANALYSIS

The obtained data was then put to statistical analysis using
statistical software IBM SPSS version 25.0. Data were analysed
with descriptive frequencies and the p-value was computed using
independent t-test statistics, Chi-square, General Linear Model
(GLM), multivariate paired analysis along with t-test carry over effect.

RESULTS

In this study sample of 54 students, 13 were males and 41 were
females. The mean age of students in the total sample was
20.87+0.83 years. The students were comparable with respect to
age [Table/Fig-1] and sex [Table/Fig-2]. All of the students were
studying in the same grade/class/semester of physiotherapy. The
number of words and number of correct words recalled were
analysed from the written recall list. The descriptives for each
test material is shown in [Table/Fig-3]. The analysis showed that
there was an improvement in the number of words and number
of correct words recalled from first session to second session in
both test materials i.e., white background black text (15.11+4.14;
9.59+2.515) to (20.07+3.583; 14.37+2.96), yellow background
black text (12.22+4.66; 7.52+2.66) to (17.56+4.65; 13.67+4.14).

Groups N Mean Standard deviation | p-value
Test material: 1
White background black text 2r 21.00 0679

0.25
Test Material: 2
Yellow background black text 27 20.74 0.944

[Table/Fig-1]: Independent t-test statistics of age between the two groups.

p-value set at <0.05 as statistically significant; Independent t-test statistics

Groups N Male Female p-value
Test material: 1
White background black text 27 6 a

0.7
Test material: 2
Yellow background black text 27 7 20

[Table/Fig-2]: Chi-square test of sex between the two groups gender comparison.

p-value set at <0.05 as statistically significant

Infact the white background black text had better recall than yellow
background black text but not statistically significant. [Table/
Fig-4] shows the results of GLM for treatment and period effects.
This analysis showed that there was no statistical difference of
the background colour of test material on the recall of number of
words and number of correct words before and after cross-over
design (-1.28 to 0.91, 0.74 and -1.62 to 0.25, 0.15) (“p<0.05").
Also, the analysis showed that the overall improvement in the
number of words and correct words appears due to the period
effects/carry over effects between the two cross-over design
sessions (4.05 to 6.24, p-value <0.001 and 4.52 to 6.41, p-value
<0.001) (“p<0.05").

www.jcdr.net

First session Second session
(before cross-over) (before cross-over)
Number Number
Number | of correct Number of | of correct
Variables of words words words words
Mean 15.11 9.59 20.07 14.37
Test material: 1 | stq.
White deviation 4145 2.515 3.583 2.963
background
black text Minimum 8 5 13 6
Maximum 22 15 25 20
Mean 12.22 7.52 17.56 13.67
Test material: 2 | stq.
Yellow deviation 4.660 2.666 4.652 4.142
background
black text Minimum 6 4 11 8
Maximum 22 14 25 22

[Table/Fig-3]: Descriptive frequencies of number of words and number of correct
words recalled.
a) S1: Number of words recalled in the first session before cross-over; b) S2: Number of words

recalled in the second session after cross-over; ¢) S1: Number of words correctly recalled without
spelling mistakes before cross-over; d) S2: Number of words correctly recalled without spelling
mistakes after cross-over

Period 95% ClI; p-value
Number of Treatment .
words 1 2 effect el Gl
Athen B
Mean (SD) 15.11 (4.15) | 20.07 (3.58) 1.9810 0.91 4.05 t0 6.24
’ 0.74 ' p-value
B then A ' <0.001
Mean (SD) 12.22 (4.66) | 17.56 (4.65)
Number of
correct words
Athen B
Mean (SD) 9.59(252) | 14.37(2.960) | _1gp10005 | 45210641
’ 015 ' p-value
B then A ' <0.001
Mean (SD) 7.52(2.66) | 13.67 (4.14)

[Table/Fig-4]: General Linear Model (GLM): Multivariate paired analysis along with
t-test carry over effect.

A: Test Material 1 (White background black text); B: Test material 2 (Yellow background black text);
SD: Standard deviation; Cl: Confidence Interval; p-value set at <0.05 as statistically significant

DISCUSSION

This study is a modest attempt to compare the effect of different
background colours (with black text) on STM [24]. A cross-over
design study was done which is different from the methodological
approaches of previous studies [7,11,24,32,21]. Yellow background
was chosen because of being a warm colour, it is known to have
a greater impact on attention [17,32]. Based on voting between
yellow, orange and peach; majority of the students chose the yellow
colour as the preferential background colour. Effects of preferential
colours on memory are known to be important in classroom settings
and thus yellow colour was the second colour chosen [21]. White
background and black text were compared as it is conventionally
used in most study materials [32].

The study analysis shows that there was no statistically significant
difference between the outcome (STM) when white and yellow
background were compared. This rejects the alternative hypothesis
of yellow background being better than white background. Amongst
the reasons for this finding; incongruent colours have lesser impact
on STM than congruent colours [24] and warm colours like blue/red
have better impacts on memory than yellow [33-35]. Good colour
contrast combinations have better impact on STM/retention rates
[17] like yellow with blue and white with black [36]. Such a finding
was also seen in this study wherein STM was better with white and
black contrast over yellow and black contrast, though this was not
statistically significant. Another reason being that STM/recall is better
in colour unitary conditions due to the theory of contiguity [32], in
comparision to non unitary study materials used in our study.
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This finding of achromatic colours like white and black having
a better recall than yellow colour is different but not in contrast
from previous studies [15,21,37]. in this study, the focus was on
background colours in text materials on lines of previous studies
on preferential colours [10], photographic prints [15,21], natural
scenes [37] or object colours [38].

Although there was a definitive improvement seen in the number of
words and number of correct words from first session to second
session seen in both the colours, this appears to be due to the period
effects of two weeks duration leading to carry over effects. Another
probable reason for carry over effects could be that the same list of
words in first session was repeated in the second session. Also, the
instrumentation effects of repetition of a test might change cognitive
constructs [27] along with hawthorne effects [39].

Limitation(s)

The hue and brightness of test paper materials could not be
testified and hence could not be manipulated. Good colour contrast
combinations like yellow and blue over yellow and black would be an
interesting combination. Carry over effects due to various reasons
need to be dealt in future studies by altering the interval gap between
sessions and/or changing word lists between the sessions.

CONCLUSION(S)

The chromatic yellow background colour with black text did not
have better recall/visual STM in comparison to achromatic white
background colour black text. Improvement was seen in the recall
rates/STM in both test materials due to the carry over effects.
Future studies can be planned by varying colour combinations of
background and text colours.
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