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Abstract

Color has been investigated as a signaling cue in multimedia learning environments,
guiding the learner’s attention and as an emotional design element, increasing the
learner’s motivation and, thus, improving learning outcomes. Retrieval cues (e.g.,
visual cues, odor, sound) facilitating memory retrieval have been primarily investi-
gated in learning simple word lists. Contrary to additional retrieval cues, the back-
ground color is a component that is always present in multimedia learning environ-
ments. This study investigates if the background color of learning texts as retrieval
cue can enhance learning and affect cognitive load and motivation. Hypotheses are
formulated according to the Cognitive-Affective Theory of Learning with Multi-
media (CATLM) and in the setting of context-dependent memory, specifically the
Information, associated Context, and Ensemble Theory (ICE). A 2 (related vs. unre-
lated background color) X2 (with vs. without colors in the learning test) -factorial
between-subjects design with an additional control group was utilized. For the con-
trol group, the background of the learning texts and learning questions was white. In
total, 191 native German speakers were randomly assigned to the five groups. The
findings indicate that relying solely on the background color as a retrieval cue is
insufficient. Instead of facilitating memory retrieval, the background color remains
context information stored separately from the item information. However, the
results should be approached carefully as learning outcomes may be subject to ceil-
ing and floor effects.
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1 Introduction

Today, Information and Communication Technology (ICT) is omnipresent. Informa-
tion and communication technologies are, for example, new multimedia technolo-
gies, including: “computer software, CD-ROM, the internet, television, film as well
as internet-based project work, e-mail, chat, blogs, wikis, podcasts, and so forth”
(Zhou, 2018, p. 22). Education is another area of our lives that benefits from mul-
timedia tools. Therefore, several learning theories have been formulated in recent
decades that focus on different aspects of (multimedia) learning. One of these
theories is the Cognitive-Affective-Social Theory of Learning in Digital Environ-
ments (CASTLE) by Schneider et al. (2022). The CASTLE suggests that there are
four kinds of processes that influence learning outcomes. Cognitive processes rely
on cognitive factors like attention, working memory capacity, and cognitive load.
Affective processes are influenced by changes in motivation, interest, and emotion.
Social processes rely on social cues, leading learners to perceive learning situations
as social interactions and thus activating schemata and rules of social interactions.
Meta-cognitive processes are based on knowledge about mental states and cogni-
tion. These kinds of processes are intertwined and mutually influence each other.
Based on these processes, research in multimedia learning investigates how instruc-
tors can design their learning materials to facilitate and improve learning (Mayer
& Fiorella, 2021). For instructors, knowing which design elements affect learning
outcomes and how and on which levels of processing these design elements affect
learning is essential. This knowledge allows instructors to design and create suitable
information and communication technologies for their courses and classes. Color is
a prominent design element affecting cognitive and affective processes in learning.
Many studies investigated the effects of colors in multimedia learning environments
on learning outcomes and learner motivation (for an overview, see Alpizar et al.,
2020; Wong & Adesope, 2021). Color is thought to increase learner motivation by
making the learning environment visually more appealing and to direct the learner’s
visual attention during the learning process. However, it is still unclear if color can
affect learning in other ways than increasing motivation and guiding attention and
whether the specific choice of colors matters.

1.1 Theoretical background

1.1.1 Color in multimedia learning

Color as an affective factor According to the Cognitive-Affective Theory of Learn-
ing with Multimedia (CATLM; Moreno & Mayer, 2007), learning is influenced by
cognitive, meta-cognitive, and affective factors. Affective factors influence learn-
ing through changes in motivation and emotions, which can increase or decrease
the learner’s cognitive engagement. Making a learning environment visually more
appealing is supposed to increase the learner’s motivation to engage in profound
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and meaningful learning and thus improve learning outcomes. A meta-analysis by
Wong and Adesope (2021) on emotional design features, including color, shapes,
and anthropomorphism (i.e., the attribution of human-like features to non-human
objects; Wong & Adesope, 2021), found significant beneficial effects of emotional
design in multimedia learning environments on retention (the memory of key facts;
Brom et al., 2018), transfer (the ability to apply the learned concepts in new situa-
tions and to new problems; Brom et al., 2018), comprehension (the understanding of
key concepts; Brom et al., 2018), positive affect, intrinsic motivation, mental effort,
liking/enjoyment, and perceived difficulty. For color alone, only effects on retention
and intrinsic motivation were found (Wong & Adesope, 2021). A previous meta-
analysis by Brom et al. (2018) on emotional design found significant positive effects
of anthropomorphism and/or pleasant colors on retention, comprehension, transfer,
and intrinsic motivation. Effects on liking/enjoyment were weak, while only mar-
ginal effects on positive affect were found. However, Brom et al. (2018) did not
differentiate between the effects of anthropomorphism, color, or a combination of
both on learning and motivation. Other studies also found beneficial effects of uti-
lizing positive emotional designs as a combination of color and anthropomorphism
on retention and transfer (e.g., Li et al., 2020; Peng et al., 2021), but no significant
difference in emotion (e.g., Li et al., 2020; Shangguan et al., 2020) nor in motiva-
tion (e.g., Shangguan et al., 2020). Shangguan et al. (2020) further found that using
colorful design with anthropomorphism increased learners’ perceived difficulty and
mental effort but had no effect on retention and transfer. However, these studies
investigated the effects of a positive emotional design as a combination of color and
anthropomorphism. Therefore, whether the effects arise from color, anthropomor-
phism, or a combination of the two remains unclear. Studies separately investigating
the effects of color on learning found that a colorful chromatic design positively
impacted recall and mental effort when compared to an achromatic design (Uzun &
Yildirim, 2018). Additionally, transfer performance (Plass et al., 2014; Wang et al.,
2023) and comprehension (Plass et al., 2014) were positively affected by a chro-
matic design. However, no significant effect on motivation was found when using
color alone (Plass et al., 2014).

Color as a cognitive factor Color can also affect learning at the level of cognitive
processing. Research on the cognitive effects of color in multimedia learning has
focused on using color as a signaling cue by highlighting the essential elements of
the learning material and thus guiding the learner’s attention to them (e.g., Alpizar
et al., 2020; Mayer, 2002). According to the Cognitive Load Theory (CLT; Sweller
et al., 1998, 2019), three kinds of cognitive load are involved in information pro-
cessing during learning. Intrinsic cognitive load (ICL) refers to task-relevant load
caused by the complexity of the learning topic. This complexity is determined by
the element interactivity and the learner’s prior knowledge. Extraneous cogni-
tive load (ECL) is the task-irrelevant cognitive load that increases by adding task-
irrelevant information to the learning environment. Germane cognitive load (GCL)
depends on constructing and automating mental schemata into long-term memory.
By guiding the learner’s attention to the essential elements of the learning material,
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signaling can facilitate the selection of relevant information and, as a result, reduce
the cognitive load (Alpizar et al., 2020; Mayer, 2002).

Skulmowski (2022) investigated the effects of color coding of the to-be-learned
information on learning outcomes. Participants were taught the parts of a fictional
bone with either a colored or an achromatic graphic of the bone. Color coding was
beneficial for learning when used both during learning and during retrieval. How-
ever, color coding was detrimental to learning when used only in one of the two
phases. This study focused on the segmenting function of the colors. The fictional
bone consisted of several components, each with a different color. Thus, the colors
segmented the visualization of the bone into visual chunks, making them easier to
distinguish and thus reducing the cognitive load (Skulmowski, 2022).

However, the colors utilized in Skulmowski’s study (2022) can also be seen as
memory cues, as each color could be assigned to one part of the fictional bone.
Other studies investigated the role of color as a memory cue when used as environ-
mental information: Clariana and Prestera (2009) examined the effects of a colored
left margin on memory retrieval, and Prestera et al. (2005) investigated the effects of
colored borders on memory retrieval. The studies found that color had only a small
or no effect on memory retrieval when color was used as environmental information.

1.1.2 Context-dependent memory

Using color as environmental information to facilitate learning is based on the the-
ory of context-dependent memory (Smith & Vela, 2001). The context-dependent
memory theory states that memory retrieval is facilitated when the context in which
the information was learned is reinstated at the time of memory retrieval. Godden
and Baddeley (1975) found that scuba divers who learned two separate word lists,
one on land and the other underwater, remembered the words from the list learned
on land better when retrieved on land. The words from the list learned underwa-
ter were remembered better when retrieval occurred underwater, too. Overall, in a
meta-analysis on context-dependent memory by Smith and Vela (2001), the effect
of context on memory retrieval was found to be small but significant (d=0.28).
However, the authors emphasized that many studies found large context effects.
The mechanisms that underlie context-dependent memory can be explained by the
Information, associated Context, and Ensemble Theory (ICE; Murnane et al., 1999).
The ICE proposes that three kinds of information are involved in context-dependent
recognition: item information, context information, and ensemble information. Item
information is task-relevant and, therefore, is primarily encoded. Context informa-
tion includes any environmental information that is task-irrelevant. When item and
context information are processed, they merge into ensemble information, a com-
bination of the item and context information. Whenever the context information is
combined with the item information into ensemble information, the context infor-
mation can serve as a retrieval cue to increase memory performance. Presenting the
context information again activates the stored ensemble information in memory,
thereby accessing the item information associated with the ensemble. However, if
the context information fails to become part of the combined ensemble information,
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it cannot be used as a retrieval cue. Whether context information becomes part of
the combined ensemble may rely on learner characteristics, the instruction explicitly
prompting the learner to build ensembles or the relationship between context and
item information regarding the content.

1.1.3 Background color as a retrieval cue

The background color is context information always present in the learner’s visual
field (Isarida & Isarida, 2007), regardless of whether the learner is aware of the back-
ground. Previous studies investigated the effects of background color in print and digi-
tal media on readability and legibility (e.g., Zorko et al., 2017) as well as on memory
and learning performance (e.g., Acharya et al., 2021; Hsieh et al., 2022; Jadhao et al.,
2020; Sattarzadeh & Tahmasebi Boroujeni, 2021; Sun & Liu, 2016). A review of the
effects of color on memory performance by Dzulkifli and Mustafar (2013) states that
color can impact memory performance due to changes in attention and arousal levels.
However, some studies indicate that colors can increase memory performance, while
others indicate the opposite (Dzulkifli & Mustafar, 2013). Regardless of the effects of
different background colors on memory, the background color may enhance memory
retrieval as a retrieval cue if it becomes part of the ensemble information. Context
information can be automatically integrated into the ensemble information (due to
learner characteristics) or if the instruction contains the note that the background color
may help remember the information better (Murnane et al., 1999). However, studies
on the effectiveness of retrieval cues primarily investigated odor (e.g., Parker et al.,
2001), music (e.g., Hwang & Kim, 2015), the speaker’s voice (e.g., Dodson & Shi-
mamura, 2000), realism (e.g., Skulmowski & Rey, 2021), and the general visual back-
ground (e.g., Chung & Cheon, 2020; Smith & Manzano, 2010). Only a few studies
investigated background color as a retrieval cue (Isarida & Isarida, 2007; Pointer &
Bond, 1998; Rutherford, 2004; Sakai et al., 2010), resulting in mixed findings. Also,
most studies have focused on the effect of retrieval cues on learning simple word lists
(e.g., Godden & Baddeley, 1975; Isarida & Isarida, 2007; Parker et al., 2001; Smith &
Manzano, 2010; Tulving & Pearlstone, 1966). Retrieval cues rarely have been inves-
tigated in multimedia learning environments, including entire learning texts (e.g., in
Clariana & Prestera, 2009; Prestera et al., 2005). However, in these studies, only parts
of the background were colored. According to Karpicke (2012), who investigated
retrieval-based learning, the critical factor for all learning is the diagnostic value of
retrieval cues. The diagnostic value is the degree to which a specific cue helps the
learner recover particular target knowledge while excluding competing candidates
(Karpicke, 2012).

The findings on using color as a retrieval cue in multimedia learning environ-
ments are mixed. While Clariana and Prestera (2009) and Prestera et al. (2005) found
no or small effects of color in the background, Skulmowski (2022) found a benefi-
cial effect of color coding when used both during learning and recall processes.

The present study aims to investigate using background color as a retrieval cue in
multimedia learning. According to the ICE (Murnane et al., 1999), learners can inte-
grate item and context information to form ensemble information when prompted
that the context information may help them remember the items. Thus, a retrieval
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cue effect of the background color of learning texts on retention and transfer perfor-
mance was expected when the instructions included the prompt that each text has a
different background color that may help to remember the content of the text. Addi-
tionally, choosing a background color related to the content of the learning text may
further increase the likelihood of the background color becoming part of the com-
bined ensemble information. The retrieval cue effect of background color on learn-
ing outcomes may increase for colors related to the content of the learning texts
compared to background colors unrelated to the content. Information on how blue
pigment was gained from natural sources should be remembered better when pre-
sented and retrieved on a brown background than when presented on a white back-
ground. The effect should be even more prominent when the text about gaining natu-
ral blue pigment is presented and retrieved on a blue background instead of a brown
background. Retrieval cue effects should only occur when the same background
color is present during learning and testing. According to the ICE, the following
hypotheses were formulated:

H1: Learners score higher on retention and transfer tests when the background
color of the learning questions matches the color of the background of the learn-
ing texts than when the background of the learning texts is colored and the back-
ground of the learning questions is white.

H2: Learners score higher on retention and transfer tests when the background
color of the learning texts and learning questions matches the content of the
learning text than when the background color of the learning texts and learning
questions does not match the content of the learning text.

In line with the CATLM, the following hypotheses were formulated:

H3: Learners are more motivated when the background of the learning texts and
learning questions is colored than when the background of the learning texts and
learning questions is white.

H4: Learners score higher in GCL ratings when the background of the learning
texts and learning questions is colored than when the background of the learning
texts and learning questions is white.

2 Method
2.1 Design

The experiment utilized a 2 X 2-factorial between-subjects design (see Fig. 1) with
the factors “background color of the learning texts” (related to text vs. unrelated
to text) and “background color of the learning questions” (colored vs. white).
The learning texts were presented on a colored background in all four experimen-
tal groups. The background color of the learning texts either corresponded to the
content of the text (e.g., blue background + text about the color blue) in the related-
to-text condition or did not correspond to the content of the text (e.g., brown
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Fig. 1 Experimental design. Note. In the learning environment, the backgrounds of the learning texts and
the learning questions either were colored and related to the text (ReC; top left) or were colored and
unrelated to the text (UnC; bottom left) or the background of the learning texts was related to the text
while the background of the learning questions was white (ReW; top right) or the background of the
learning texts was unrelated to the text while the background of the learning questions was white (UnW;
bottom right). In the control group, all survey pages were white with black font

background + text about the color blue) in the unrelated-to-text condition. The back-
ground colors for the unrelated-to-text condition were randomly assigned to the four
texts. They were the same for all participants in the two experimental groups with
unrelated background colors. The background of the learning questions was either
white or colored. In the groups where the backgrounds of the learning questions
were colored, the backgrounds were the same color as those of the corresponding
learning text. In the groups where the learning questions had a white background,
the learning texts had a colored background. The text order was randomized for each
participant to avoid order effects. In an additional control group, the background
of the learning text, the background of the learning questions, and the background
throughout the rest of the survey were white. In the four experimental groups, the
background of the survey pages not showing the learning text or the learning ques-
tions was white.

2.2 Participants
An a priori power analysis conducted with G*Power 3.1.9.7 (Faul et al., 2007)
yielded a minimum sample size of 160 participants for f=0.25, a=0.05, and

1 -p=0.80. After the ethics committee of the Chemnitz University of Technol-
ogy approved the study, 200 native German speakers — recruited on Prolific (www.
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prolific.co) [March 2023] — participated in the study. Nine participants had to be
excluded from the data analysis. Seven participants showed signs of color vision
deficiency, and two did not participate conscientiously in this study. The remaining
191 participants were 18 to 63 years old (M =29.51, SD =8.35). Eighty-nine partici-
pants indicated to be male, 99 were female, one participant identified as diverse, and
two participants did not want to specify. Of the 191 participants, 90 were employed,
73 were students, 13 were job-seekers, four were trainees, three were unemployed,
two were secondary school students, and six categorized as others (see Table 2 in
Appendix 1). All participants were randomly assigned to one of five conditions and
received £4.50 for completing the study.

2.3 Materials

In an online survey, participants read learning texts about how the colors blue, green, yel-
low, and brown were obtained naturally in the past. The online survey was created using
SoSci Survey (Leiner, 2023) and was accessible to participants through www.soscisur-
vey.de. The learning text was divided into four parts. Each part addressed the produc-
tion methods of one of the four color pigments (blue/green/yellow/brown). For example,
the text on how blue pigment was obtained naturally in the past included the informa-
tion that blue color pigment used to be extracted from semiprecious stones (lapis lazuli)
and only the rich could afford ultramarine, such as Cleopatra, who used it for make-up.
Additionally, the text specified how blue pigment could be gained from copper glaze
stones and plants like woad, how the pigment was extracted from these resources, and
what the differently obtained color pigments were helpful for. Similar information was
provided for the colors green, yellow, and brown. The four texts comprised 209 to 249
words (M=225.75, SD=16.76). Each text was presented on a separate page in the center
and formatted in a justified font. The font was the same in all five groups. The headings
were displayed in bold and separated from the text by a blank line. The font color was
always black, while the background color varied depending on the experimental condition
(see Fig. 2 and Table 3 in Appendix 2). The entire page was colored in the correspond-
ing background color (see Fig. 3 in Appendix 2). In the control group, the font color was
black, and the background of every survey page was white (see Fig. 1). The text order was
randomized. Participants could complete the survey at their own pace by clicking a “con-
tinue” button (see Fig. 3 in Appendix 2).

2.4 Procedure

Participants received written instructions. By starting the study in Prolific, participants
were redirected to the study in SoSci Survey. Participants were randomly assigned to
one of the four experimental conditions or to the control group. The groups were distrib-
uted equally by using a random generator from SoSci Survey. After reading the privacy
policy, the participants had to agree consciously to participate in the study. The survey
started by collecting demographic information from the participants (e.g., age, gender,
first language). Next, color vision deficiency was checked using eight color plates from
the Ishihara color test (Ishihara, 1917). Before the learning phase, the participants’ prior
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knowledge of the subject was measured with three open-ended questions. Participants
in the experimental groups were told that each text had a different background color,
which could help them remember the information. In the control group, this prompt was
excluded from the instruction to avoid confusion. After reading the note about the poten-
tial usefulness of the background colors, the participants read all four texts about the dif-
ferent colors at their own pace (reading time in minutes: M=5.53, SD=3.20). As men-
tioned above, the four texts were presented in randomized order to prevent order effects.
After reading the four texts, participants responded to eight multiple-choice retention
questions (two questions per color) and eight open-ended transfer questions (two ques-
tions per color). The questions were presented separately for each color to ensure that the
background matched the background of the corresponding learning text. Subsequently,
the participants’ cognitive load and motivation were measured. Ultimately, the partici-
pants were thanked for their participation and redirected to Prolific to confirm participa-
tion and receive compensation for their efforts. All participants completed the study in
approximately 30 min.

2.5 Measures

Color vision deficiency Color vision deficiency was checked using eight color plates
from the Ishihara color test (Ishihara, 1917). Plates one, two, six, eight, 12, 14, 15,
and 16 were chosen. This selection covered all types of color vision deficiency that
the Ishihara color test can measure. The plates show a circle with a number in one
color on a background of a different color. The number and the background con-
sist of multiple dots of different sizes and slightly different color tones. Figure 4 in
Appendix 2 shows one of the plates.

Prior knowledge Prior knowledge was assessed through three open-ended questions (e.g.,
Which methods for extracting color pigments from natural resources do you know?),
rated by two independent raters. Participants could score between zero and two points per
question, resulting in a maximum score of six points. Inter-rater reliability between the
two raters was calculated using Cohen’s Kappa, resulting in a score of k=0.67, p <0.001.
Prior knowledge among all participants was low (M=2.31, SD=1.26) and did not differ
between the five groups, F(4, 186)=0.12, p=0.98. The internal consistency value (Cron-
bach’s o) for prior knowledge was low, a=0.38.

Learning outcomes Using retention and transfer performance tests, learning out-
comes were assessed as a dependent variable. Retention performance was measured
using eight multiple-choice questions (two questions per color; e.g., From which nat-
ural resources can you get blue pigment?). For each question, four possible answers
were given in random order. Between one and four answers per question were cor-
rect. Participants could score up to four points per question (one point for each cor-
rectly marked target answer and correctly unmarked distractor answer), resulting in a
maximum of 32 points. Transfer performance was measured using eight open-ended
questions (two questions per color; e.g., A painting from the Middle Ages is found,
but the trees and bushes are faded. Why?). Two raters independently compared the
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answers to the transfer questions to predefined correct answers. The participants
could reach a maximum of two points per transfer question, resulting in a maximum
of 16 points. The inter-rater reliability score between the two raters was a Cohen’s
Kappa of k=0.70, p<0.001. Internal consistency values for the learning outcomes
are low, with oo=0.44 for retention and o«o=0.22 for transfer.

For retention and transfer measurement, both questions for each color were pre-
sented together on a single page, resulting in four pages for the retention and four for
the transfer questions. The individual pages of the retention and transfer tests were
presented in random order for each participant. First, participants had to answer all
eight retention questions and, afterward, all eight transfer questions.

Cognitive load The cognitive load questionnaire from Klepsch et al. (2017) meas-
ured cognitive load as a dependent variable. The questionnaire measures the three
sub-dimensions of cognitive load (intrinsic, extraneous, and germane cognitive load)
with seven items that are rated on a seven-point Likert scale ranging from 1 =‘‘com-
pletely disagree” to 7="‘completely agree.” Two items measure the intrinsic cogni-
tive load (ICL; e.g., For this task, many things needed to be kept in mind simultane-
ously.), two items measure the germane cognitive load (GCL; e.g., I made an effort,
not only to understand several details, but to understand the overall context.), and
three items measure the extraneous cognitive load (ECL; e.g., During this task, it
was difficult to recognize and link the crucial information.). Regarding internal con-
sistency, Klepsch et al. (2017) report mean Cronbach’s a values for the ICL scale
(x=0.81), ECL scale («¢=0.86), and the GCL scale (a«=0.67).

Motivation The participants’ motivation was assessed as a dependent variable using
a shortened version of the situational motivation scale (SIMS; Guay et al., 2000).
The participants answered the question “Why did you do the previous activity?”
on a seven-point Likert scale ranging from 1=‘“completely disagree” to 7="‘com-
pletely agree.” Therefore, participants rated four items on the sub-scale of intrinsic
motivation (e.g., Because I think that this activity is interesting.) and four items on
the sub-scale of external regulation (e.g., Because I am supposed to do it). The sub-
scale of intrinsic motivation demonstrated internal consistency (Cronbach’s o) of
a=0.95, and the sub-scale of external regulation demonstrated internal consistency
(Cronbach’s a) of a=0.86.

3 Results

Statistics Statistical analysis was performed in IBM SPSS Statistics (Version 28). A
2 x2-factorial multivariate analysis of covariance (MANCOVA) was performed with
prior knowledge as a covariate. Retention and transfer performance, motivation, and cog-
nitive load in terms of GCL were included as the dependent variables. The relation of the
background color of the learning texts to the contents of the learning text and the back-
ground of the learning questions were included as the independent variables. Prior knowl-
edge was included as a covariate because changes in the learner’s prior knowledge change
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ICL, and ICL affects learning outcomes (Sweller et al., 2019). Also, prior knowledge
has been shown to affect the effects of design principles on learning outcomes (exper-
tise reversal effect; Kalyuga, 2007). A significant effect of prior knowledge was found
on retentlon performance, F(3, 154)=7.56, p=0.01, n, —O 05, ICL, F(3, 154)=5.28,
p=0.02,n, 2=0.03, and ECL, F(3, 154)=3.97, p=0.05, Ny 2=0.03.

A one-factorial MANCOVA was performed with prior knowledge as the covari-
ate to compare the experimental groups with the control group. The dependent vari-
ables included retention performance, transfer performance, motivation, and GCL
scores. The group was included as the independent variable. Again, prior knowledge
was included as a covariate. A signiﬁcant effect of prior knowledge on retention
performance, F(4, 186) 5.65, p=0.02, np =0.03, and transfer performance, F(4,
186)=5.58, p=0.02, n, 2=0.03, was found.

Learning outcomes Retention performance did not differ between the five groups,
F(4,186)=0.06, p=0.99 (see Table 1 and Fig. 5 in Appendix 3). The main effect of
the relation of the background color of the learning text to the content of the learn-
ing text, F(3, 154)=0.09, p=0.77, the main effect of the background of the learn-
ing questions, F(3, 154)=0.01, p=0.91, and the interaction of the two factors, F(3,
154)=0.03, p=0.87, did not become significant.

Transfer performance did not differ between the five groups, F(4, 186)=1.10,
p=0.36 (see Table 1 and Fig. 6 in Appendix 3). The main effect of the relation of
the background color of the learning text to the content of the learning text, F(3,
154)=0.20, p=0.66, the main effect of the background of the learning questions,
F(3, 154)=0.61, p=0.44, and the interaction of the two factors, F(3, 154)=1.11,
p=0.29, did not become significant.

Cognitive load GCL scores did not differ between the five groups, F(4, 186)=0.32,
p=0.87. The main effect of the relation of the background color of the learning text
to the content of the learning text, F(3, 154)=0.54, p=0.47, the main effect of the
background of the learning questions, F(3, 154)=0.63, p=0.43, and the interaction
of the two factors, F(3, 154)=0.08, p=0.78, did not become significant.

Table 1 Means and standard deviations of the retention and transfer scores per group

Learning measure ~ ReC UnC ReW UnW Control

Mean SD Mean SD Mean SD Mean SD Mean SD

Retention 2525 346 2532 373 2517 322 2541 332 2512 338
Transfer 475 2.69 453 222 411 1.96 4.65 227 386 234

This table demonstrates the mean scores and standard deviations of the two learning measures for the
four experimental groups: “the background of the learning text is related to the text, the background of
the learning questions is colored” (ReC), “the background of the learning text is unrelated to the text, the
background of the learning questions is colored” (UnC), “the background of the learning text is related to
the text, the background of the learning questions is white” (ReW), “the background of the learning text
is unrelated to the text, the background of the learning questions is white” (UnW), and the control group
(control)
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Motivation Motivation scores were not significantly different between the
five groups, F(4, 186)=0.56, p=0.69. The main effect of the relation of the
background color of the learning text to the content of the learning text, F(3,
154)=0.39, p=0.53, the main effect of the background of the learning questions,
F(3, 154)=0.01, p=0.91, and the interaction of the two factors, F(3, 154)=0.06,
p=0.82, did not become significant.

4 Discussion

Learning outcomes The present study did not find a retrieval cue effect of background
color on learning outcomes when learning with texts instead of simple word lists. How-
ever, this may be due to an ill-chosen measure of learning outcomes. Differences in
learning outcomes between the five groups may not have reached the significance level
due to a ceiling effect. Participants could achieve one to 32 points in the retention test,
and all groups had a mean of around 25 points (min=18.00, max=32.00; see Table 1).
For the transfer performance, however, the results indicate a floor effect. Participants
could achieve one to 16 points, and all groups reached around four points (min=0.00,
max=12.00; see Table 1). Only one person scored 12 points on the transfer test and must
be treated as an outlier, as seen in Fig. 6 in Appendix 3. This suggests that the retention
test might have been too easy, while the transfer test may have been too challenging. Dur-
ing the transfer test, some participants expressed their inability to answer the questions as
the learning text did not directly provide the answers. In the study, the participants were
not instructed that they would have to transfer the knowledge they gained from the text
to new problems to answer the transfer questions. Thus, future studies should inform the
participants that some questions cannot be directly answered with information from the
text but require the participants to transfer their knowledge to new problems. Additionally,
the relation of the background color to the content of the learning text did not influence
retention and transfer scores. Using background colors that relate to the content of the
learning text does not make the background color become part of the ensemble informa-
tion. Thus, hypotheses H1 and H2 — formulated in line with the ICE — could not be con-
firmed. This indicates that when designing information and communication technologies
such as learning web pages, instructors do not have to think about the background color
of the learning environments. Different background colors can have different effects on
memory (Dzulkifli & Mustafar, 2013) but information and communication technology
designers should not put too much effort in using background colors as retrieval cues.
However, results may differ for an appropriate learning outcome measure without ceiling
and floor effects.

Another possibility may be that the background color alone is insufficient as a retrieval
cue. At the beginning of the study, the participants received the information that each text
had a different background color that could help them remember the information. How-
ever, it is possible that the participants did not pay enough attention to the background color
or did not integrate it with the text’s contents. The background color as context information
may not have become part of the ensemble information. This could explain why the rela-
tion of the background color to the texts’ contents did not affect learning outcomes. Merkt
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et al. (2020) investigated if the background in a learning video could affect learning and
serve as a retrieval cue. The video’s background depicted either a topic-related authentic
scenery (such as an image of plants in a greenhouse while teaching about plants) or a neu-
tral gray background. During the learning test, the participants were presented with either
the same background or the other one. The study found no retrieval cue effect on learn-
ing outcomes, and the relationship between the background and the topic did not affect
learning outcomes. However, participants were not informed about the background, which
was the same throughout the video. Without an explicit prompt, even a complex match-
ing background as context information did not become part of the ensemble information.
Further studies are required to investigate if the background in a learning environment can
serve as a retrieval cue in learning with entire texts and how the background can be salient
enough to become part of the ensemble information and serve as a retrieval cue.

Additionally, in contrast to prior studies (e.g., Clariana & Prestera, 2009), the par-
ticipants’ age range was very heterogeneous, ranging from 18 to 63 years. This may
also be a reason why there were less significant results. Furthermore, a more schol-
arly population was likely obtained by conducting the study on Prolific, suggesting
that retrieval cues may not have been needed in participants’ memory recall (due to
ceiling effects). Further research is needed to determine if younger participants (e.g.,
primary school students) or educationally disadvantaged people would benefit more
from using background color as a retrieval cue.

Furthermore, the results in learning performance may have been confounded by the
effects of the different background colors on memory. A review of the effects of colors on
memory by Dzulkifli and Mustafar (2013) reports that colors may affect memory perfor-
mance. However, the evidence is inconsistent. Cool background colors (blue) have been
shown to increase short-term memory recall compared to warm background colors (red,;
e.g., Sattarzadeh & Tahmasebi Boroujeni, 2021). Other studies found that warm back-
ground colors increase learning performance and short-term memory compared to cool
background colors (e.g., Hsieh et al., 2022; Jadhao et al., 2020; Sun & Liu, 2016). Other
studies found no effect of a colored background compared to a white background (e.g.,
Acharya et al., 2021) regarding retention and recall. Red was excluded as a background
color from the present study because it is associated with danger and errors (Jadhao et al.,
2020). However, blue was included as a background color in the study. Future research
should investigate if different background colors (e.g., blue, yellow, green, and brown)
affect memory and learning performance differently.

Motivation Contrary to hypothesis H3 and the CATLM, the learners’ motiva-
tion did not increase when adding a colored background to the learning text. This
indicates that background color alone does not make a learning environment visu-
ally appealing enough to motivate learners. Other design elements are required to
increase learners’ motivation. The background color alone may not have been salient
enough to increase motivation.

Cognitive load The results suggest that using a colored background in multimedia learn-

ing environments does not increase the GCL compared to a white background. These
results do not align with the CATLM, and hypothesis H4 was not supported. This may be
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due to a lack of motivation difference between the experimental and control groups. Par-
ticipants did not invest more resources to build mental schemata of the learning content.

Information and communication technologies The present results do not allow impli-
cations on how multimedia learning environments should be designed to facilitate and
improve learning. A meta-analysis on the effects of digital technology on deep learn-
ing by Wu (2023), however, found that digital technology significantly positively affects
learning outcomes in comparison to traditional learning methods. Thus, ICT bears a large
potential to foster deep learning. Future studies should further investigate the effects of
specific design elements of ICT (such as background color) on learning outcomes.

5 Limitations and future directions

The present study has several limitations. First, measuring the cognitive load after the
learning test may have resulted in scores representing the overall cognitive load rather
than the load caused by the learning intervention. Future studies should measure the cog-
nitive load immediately after the learning intervention to avoid this. Second, motivation
was also measured only after the learning test. Thus, motivation scores may reflect moti-
vation related to the learning test rather than motivation based on the learning material.
In future studies, motivation should be measured immediately after the learning interven-
tion. Moreover, motivation should be measured before the learning intervention to deter-
mine the learners’ baseline motivation and to investigate whether the learning environment
increases or decreases learner motivation. Third, no conclusions regarding the effects of
content-related background color on learning outcomes can be drawn from the results, as
the learning test results may be subject to ceiling and floor effects. Further research is nec-
essary to examine the effects of content-relevant background colors on learning outcomes
with other learning topics and more suitable learning tests. Another limitation of the pre-
sent study is that in the groups where the background color was unrelated to the content
of the learning text, the background color of the four learning texts was the same for all
participants. Future studies should randomize the unrelated background colors for each
participant individually. Also, as mentioned before, the background color might not have
been salient enough. The participants may have missed the reference to the benefit of the
background color by skimming the instructions. Furthermore, color is an omnipresent per-
ceptual stimulus often viewed from an aesthetic perspective (Elliot & Maier, 2014). There-
fore, colors may have varied psychological and cultural effects. Color perception happens
in the brain and not in the outside world. Furthermore, other languages use different words
to describe the color blue (Wierzbicka, 1990). Thus, Sahlins (1976) argues that colors and
their meaning are culturally influenced. This cultural impact is researched in various scien-
tific disciplines, such as marketing (e.g., Broeder & Scherp, 2018; Cyr et al., 2010). In their
study, Cyr et al. (2010) examined how different cultures perceive color in website design,
finding that specific colors can evoke emotions and behaviors that vary between cultures.
In general, the potential of color to elicit emotions (e.g., Cyr et al., 2010) applies to design
effects such as emotional design and learning contexts, too. Future studies should investi-
gate whether background color can be a reliable retrieval cue in different cultures.
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6 Conclusion

The present study investigated whether background color can serve as a
retrieval cue in multimedia learning environments, leading to enhanced learn-
ing outcomes for complete text-based learning. Further, it was examined
whether the relation of the background color to the content of the learning text
influences this effect. The results indicate that more than background color is
needed to serve as a retrieval cue. The background color remains context infor-
mation instead of becoming part of the ensemble information and is stored sep-
arately from the item information. Thus, the relation of the background color to
the content of the learning text does not matter. However, these results should
be interpreted with caution due to potential ceiling and floor effects on learning
outcomes. More complex designs are necessary to increase learners’ motivation
and thereby increase GCL and learning outcomes than simply using a colored
background instead of a white one.

Appendix 1

Demographics

Table2 Demographic data

Participant number Overall: N=191
ReC: n=40
ReW: n=41
UnC: n=38
UnW: n=39
Control: n=33
Participant age Range: 18 — 63 years M=29.51 SD=8.35
Participant gender Female: 51.83% n=99
Male: 46.60% n=_89
Diverse: 0.52% n=1
Not specified: 1.05% n=2
Participant status Employed: 47.12% n=90
Student: 38.22% n="73
Job-seeking: 6.81% n=13
Trainee: 2.01% n=4
Unemployed: 1.57% n=3
Secondary school student: 1.05% n=2
Other: 3.14% n=6

This table shows the number of participants in each of the five groups and the demographic data of the
participants including age, gender distribution, and status
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Appendix 2

Material

Die Herstellung der Farbe Blau

Die

der vor Jahren wurde.
wie
Blau zu ger waren die das Mineral Azurit
‘enthalten. Azurit wird gesiebt. Danach
Mn'saﬂmun ‘mit Wasser gespUlt, Das

mmamm Harze, am“mumﬁ

Die Herstellung der Farbe Gelb

Die Farbe Gelb wurde i Mittelalter aus der Reseda-Pflanze gewonnen. Der aus den Pflanzen
gewonnene Farbstoff war ein wichtiger Gelbton zum Farben von Stoffen. Sobald Stangel, Blatter
und Kapsein der Pflanze eine gelbliche Farbung annehmen, werden die Pflanzen geerntet und zu
. Die Garben werden anschiiefend getrocknet und gehackselt. Die
getrockneten Garben werden dann mit Wasser aufgekocht und der Farbstoff durch ein Leinentuch

einen besonders leuchtend gelben Farbstoff, kann man aus den Blitennarben einer
mnuﬁmenmumm Den Farbstoff erhlt man durch das Auswaschen der

Far 1 kg Safran 120.000 bis 200.000 Bliten sammein.
Tiergalle von Ochsen, Kalbern oder Schildkrten ergab im natarlichen Zustand oder vermischt mit

Fig.2 Example of the four colored learning texts in the experimental groups with a background of the
learning text that is related to the text. Note. This figure shows screenshots of the four learning texts. One
text was about the extraction of blue pigment from natural sources (top left), one about green pigment
(top right), one about yellow pigment (bottom left), and one about brown pigment (bottom right). Each
text was presented on a separate page and had a different background color that was either related to the
text (as can be seen here) or unrelated to the text. In the control group, the background of all four texts
was white

Table 3 Hex-codes used for the background colors

color hex-code
blue #BADGES
green #89AC76
yellow #FFFF99
brown #B47D49

This table shows the four colors addressed in the learning texts and used as background colors and the
hex-codes used
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Fig.3 Example of the text arrangement and coloring of the page. Note. This figure shows the entire
online survey page of the learning text about blue pigment. The text was presented in the middle of the
page. The entire background was colored. Participants could read the text in their own pace and continue
to the next page of the survey by clicking a continue button

Fig.4 Ishihara plate 2. Note.
People with normal color vision
see the number 8 while people
with a congenital red-green
color blindness see the number
3. From https://alexoptik.de/
images/ishiharafarbtafeln.pdf
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Appendix 3

Results

Fig.5 Learning outcomes in
terms of retention performance.
Note. This figure shows the
scores of the five groups in the
retention test. White dots indi-
cate the group means and black
dots indicate outliers

Fig.6 Learning outcomes in
terms of transfer performance.
Note. This figure shows the
scores of the five groups in the
transfer test. White dots indicate
the group means and black dots
indicate outliers
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