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This study examined how example features (i.e. idea novelty and idea diversity) affected creativity after creative
exhaustion. In addition, how individual differences in creativity influenced the effect of example diversity was
also investigated. By dividing examples into high-, medium- and low-novel ideas, experiment 1 revealed that idea
originality was more enhanced in the high-novel example group than in the low-novel example and none
example groups (control group). The low-novel group showed higher idea fluency and flexibility than the control

group. In experiment 2, participants were divided into high-creative and low-creative groups. Both groups
received diverse and similar examples with high novelty. Results showed that idea fluency, originality and
flexibility were higher in the high-creative group than those in the low-creative group. Moreover, diverse ex-
amples facilitated fluency and flexibility while similar examples facilitated originality after creative exhaustion.
These findings indicate that example features affect the stimulation effect of example after creative exhaustion.

1. Introduction

Creativity is defined as the ability to generate original and useful
ideas, insights, or problem solutions (Amabile, 1983; Sternberg &
Lubart, 1999). People often encounter mental fixation in creativity
practice, which is defined as an inappropriate adherence to an approach
in problem solving or generating creative ideas for more open-ended
tasks (Koppel & Storm, 2014; Smith, 1995). During creative idea gen-
eration, a similar scenario is creative exhaustion, which depicts an
inability to continue generating creative solutions on one's own (Gray
et al., 2019). Creative exhaustion typically occurs when people exhaust
their initial ideas. It impedes creative idea generation process and leads
to a gap where new creative ideas can hardly be generated. Therefore, it
is of high significance to deal with creative exhaustion and enable cre-
ative idea generation to continue running.

Previous studies have demonstrated that cognitive stimulation such
as providing cognitive supports could facilitate idea generation after
creative exhaustion. For example, Gray et al. (2019) reported that design

tools could inspire beginning designers to generate more ideas after
creative exhaustion. As another sort of cognitive stimulation, exposing
individuals to existing ideas (or examples) could also successfully
stimulate creativity regardless of whether encountering exhaustion or
not (Althuizen & Wierenga, 2014; Fink et al., 2012; Lambert et al., 2019;
Nijstad & Stroebe, 2006; Yuan et al., 2021). For instance, presenting
existing example solutions can inspire more novel ideas after idea
exhaustion (Siangliulue et al., 2015). However, previous creative
exhaustion studies only presented examples with high novelty and di-
versity to participants. How example features (e.g. different levels of
novelty and diversity) can affect the stimulation effect of example
(example effect) after creative exhaustion is still unknown.

Idea novelty or originality is one of the key features affecting the
example effect (Fink et al., 2012; George & Wiley, 2020; Pi et al., 2019).
According to the Search for Ideas in Associative Memory (SIAM) model,
idea generation is a repeated search process in associative memory
(Nijstad & Stroebe, 2006). Examples serving as the search cues will
activate problem-relevant knowledge, which will further facilitate idea
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generation. Note that examples can be either novel or common, which
may affect the categories of problem-relevant knowledge that are acti-
vated. This may eventually moderate the example effect on creative idea
generation. For example, George et al. (2019) presented three toy ex-
amples to participants during a toy designing task and found that
moderately novel examples facilitated the novelty of generated ideas.
According to the classic associative model of creativity, the activation of
remote concepts needs more time in associative memory (Mednick,
1962). Therefore, the creative exhaustion may be along with activating
remote concept in associative network after exhausting initial ideas. As
the serial order effect suggests, common ideas usually appear in the early
stage of creative ideation (Christensen et al., 1957). Gilhooly et al.
(2007) also found that initial ideas were retrieved from long term
memory of existing knowledge and were of low novelty. Accordingly,
common examples may help activate close associations that have been
already utilized before creative exhaustion. In case of creative exhaus-
tion, being exposed to novel examples rather than common ones may
help activate remote associations, which have not been activated due to
their remoteness to the task stimulus, and breed more novel ideas.

Likewise, idea diversity was also confirmed to influence the example
effect. Idea diversity refers to the semantic distance between ideas or
number of categories the ideas belong to (Jonathan et al., 2021). Pre-
vious studies have shown that early exposure to diverse ideas increases
the novelty of the final product (Baruah & Paulus, 2011; Jonathan et al.,
2021). According to the SIAM model, diverse stimuli serving as search
cues can activate different problem-relevant knowledge from one's
memory. For example, Nijstad et al. (2002) have found diverse stimuli
could facilitate participants generating a greater variety of solutions. In
other words, diverse stimuli contribute to idea fluency and flexibility.
According to the open goal effect, when individual temporally breaks
from an unsolved problem, being exposed to an implicit hint can even
help solve the problem. That is, open goals influence the acquisition of
problem-relevant information. Creative exhaustion is the moment that
people realize that they have exhausted ideas. In case of creative
exhaustion, it is possible that individuals will be ready to use external
stimuli to generate new ideas after running out of ideas (Moss et al.,
2007). However, according to the attention allocation theory, present-
ing examples can direct individual attention to example-related domains
and thus initiate deeper explorations in these domains. As diverse ex-
amples will activate diverse relevant knowledge domain, and direct
individuals to explore potential ideas across these domains. Such a more
diffused search strategy may attenuate individual tendency to deeply
explore ideas within each domain and thereby reduce idea originality
(Sio et al., 2015).

Moreover, individual differences in creativity may also moderate the
example effect. According to Mednick's (1962) theory, creative in-
dividuals have a richer and more flexible associative network than less
creative ones. Kenett et al. (2014) extended Mednick's theory by using
network analysis approach to explore semantic memory networks and
further suggested that the semantic memory network of less creative
individuals seems to be more rigid than that of creative individuals.
Moreover, ideas are commonly considered as products of associative
memories (Lambert et al., 2019). We suggested that examples can
activate more associations in a richer and more flexible associative
network than in a more rigid one. Therefore, creative individuals may be
more flexible and efficient to search example-related ideas (especially
for diverse ideas) from their associative networks and thereby perform
better than less creative ones after creative exhaustion.

To date on, how example features (i.e. novelty and diversity) and
individual differences in creativity affect the example effect after crea-
tive exhaustion is less investigated. This study aimed to address the
following questions: (1) How does idea (example) novelty and diversity
affect the example effect after creative exhaustion? (2) How do indi-
vidual differences in creativity affect the example diversity effect after
creative exhaustion?

The current study tested how example novelty (Experiment 1) and
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example diversity (Experiment 2) affected creative idea generation after
creative exhaustion. In addition, whether high- and low-creative people
showed difference on the effect of example diversity was also investi-
gated in experiment 2. Previous studies have only dichotomized existing
ideas into common and novel ones based on their novelty (Fink et al.,
2012; Pi et al., 2019; Wang et al., 2018). By further dividing these
example ideas into high-, medium- and low-novel (common) ideas, the
current study aimed to investigate which kind of examples could boost
creativity most after creativity exhaustion. As one of the key components
of creativity, divergent thinking (DT) is predictive to creative potential
(Runco & Acar, 2012). Therefore, the current study utilized DT task (i.e.
alternative uses task, AUT) to measure creativity. Creative performance
was evaluated by independent ratings of fluency, originality and flexi-
bility (Guilford, 1967; Runco & Jaeger, 2012; Runco & Pritzker, 1999).
Based on the SIAM theory, associative theory of creativity and attention
allocation explanation aforementioned, we proposed three hypotheses:
H1: High-novel examples will boost fluency, originality and flexibility
most after creative exhaustion; H2: Diverse examples will stimulate
higher fluency and flexibility than similar examples, but similar exam-
ples will facilitate higher originality than diverse examples after creative
exhaustion; H3: When being exposed to examples (especially diverse
ones) after creative exhaustion, the high-creative group will perform
better than the low-creative group.

2. Experiment 1

Experiment 1 investigated the effect of example novelty on DT after
creative exhaustion. Previous studies have shown common and novel
examples could function differently during idea generation (Fink et al.,
2012; Perttula & Sipila, 2007; Pi et al., 2019; Sio et al., 2015). However,
the role of example novelty has not yet been explored in creative
exhaustion. Thus, participants were asked to generate as many and
original solutions as possible without time limitation so as to experience
creative exhaustion. Examples varying in novelty (i.e. high novelty,
medium novelty and low novelty) were presented to participants after
creative exhaustion. Participants received no example in the control
group.

2.1. Participants and design

A priori power analysis using G*power 3.1 (Faul et al., 2007) was
conducted to estimate the sample size necessary for the main effect at
80% power. The between participants effect size was set to 1> = 0.25.
According to the results, the required sample size is 96. We recruited 97
senior high school students. A one-factor (Example Novelty: high-novel
examples, medium-novel examples, low-novel examples vs. control)
between-subjects design was employed. Participants were randomly
assigned to one of the four groups.

Among the 97 participants, one was excluded because he failed to
complete the experiment as requested. Thus, the final sample consisted
of 96 participants (51 females, 44 males; age: 16.97 + 0.31 years old).
There were respectively 25, 25, 24 and 22 participants in the low-novel,
medium-novel, high-novel and control groups. All participants were
right-handed and native speakers of Chinese. They signed the written
informed consent prior to the experiment and received approximately 4
US dollars for their participation. The experiment protocol was
approved by the Institutional Ethics Committee of the University.

2.2. Task and procedure

This study was conducted during the outbreak period of COVID-19
when senior high school students were asked to learn online at home
in China. Therefore, the study was carried out online through a
messaging app WeChat. To ensure task commitment and valid perfor-
mance, participants were asked to find a quiet room without disturbance
before the experiment, and turn on the webcam so that the whole
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experiment proceeded under supervision. Participants in each group
were required to complete two AUT items (i.e. brick and newspaper).
The presenting sequence of the AUT items were counterbalanced across
participants. AUT is a well-established test of creative potential (Guil-
ford, 1967; Runco & Mraz, 1992). It requires participants to generate as
many and original uses as possible for common objects. The introduction
of AUT was “Please produce as many and original uses as you can think of,
which are different from the normal use, for two common objects without time
limitation. When you run out of ideas, press ‘can't’ into the computer”. Each
task was divided into two parts: a free ideation stage to induce creative
exhaustion (stage 1) and a continued creative ideation stage (stage 2). In
stage 1, participants were asked to generate as many and original ideas
as possible and type them into the computer without time limitation.
Stage 2 began when participants reported that they had exhausted ideas.
Two examples were then presented to participants in the form of text in
the example groups. After understanding the examples, they were asked
to continue thinking for 5 min. Participants were not instructed that they
would get to work on after exhaustion so that they could spare no effort
to exhaust their ideas during the pre-exhaustion session. Participants in
the control group continued thinking without receiving any hint (see
Fig. 1). Except for whether being exposed to examples, the experimental
manipulation did not differ between the example groups and control
group. In order to ensure participants' attention on the examples, par-
ticipants in the example groups were told that they needed to recall
these examples after the experiment (Nijstad et al., 2002).

The examples used in experiment 1 were obtained from the original
data of one prior research (Hao et al., 2014). According to the consensus
assessment technique (CAT) on a 5-point Likert scale, ideas were divided
into low- (originality scores < 2), medium- (2.5 < originality scores <
3.5) and high-novel examples (originality scores > 4).

2.3. Task assessment

Performance of AUT was evaluated in terms of fluency, originality
and flexibility (Guilford, 1967; Runco & Pritzker, 1999). Fluency was
measured as the number of non-redundant ideas that were produced by
the participants. For originality, six raters independently scored each
idea using a 5-point Likert scale (1 = unoriginal, 5 = original). The inter-
rater reliability of this method was satisfactory (newspaper: a = 0.967;
brick: @ = 0.928). The final originality scores for each participant were
obtained by averaging the individual ratings from the raters. We further
assessed the consistency of originality scores of the two AUT items, and
found response originality of brick correlated well with that of news-
paper in the pre-exhaustion [r (96) = 0.36, p < 0.001], and post-

High-novelty lMedium-novelty

1. Break into pieces 1. Pave a road
2. Press on a instant

noodles lid

1. Be as a shooting

to cut target

2. Test whether
you are colour-blind

2. Smash cucumbers

AUT

continue AUT
Brick

Examples/Control
Example 1

Example 2

| | Iy,

Until exhaustion Self-adapting 5 mins

Fig. 1. Procedure overview of one of the two AUT items. Note: Participants
worked on the AUT until they reported that they had run out of ideas (i.e.
creative exhaustion). Those in the Example groups were then exposed to two
examples with high/medium/low novelty. The control group received no
example and continued AUT for 5 min. The example groups would continue
AUT for 5 min after understanding the examples by self-adaption.
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exhaustion sessions [r (96) = 0.25, p = 0.026]. For flexibility, re-
sponses for each AUT item were grouped into 7 broad semantic cate-
gories. For instance, the response categories of newspaper included
reading, handwork like paper folding, sheltering from things, decora-
tion, stationery, cleaning tools, and others. The response categories of
brick included constructing buildings, a tool of pounding, furniture like
tables, physical attack or self-defense, decoration, playing games and
others. Responses pertaining to same semantic categories were grouped.
Two trained raters independently coded a random subset (25%) of the
response pool. The inter-rater reliability (Cronbach's o) on these scores
was satisfactory (newspaper: a = 0.792; brick: a = 0.883). Next, the first
rater scored the remaining responses. The final flexibility scores for each
participant were calculated by counting the number of explored cate-
gories. Note that raters of originality and flexibility were blind to
experimental conditions.

2.4. Post-experiment tests

After the experiment, participants were asked to recall the examples
presented during the tasks. Moreover, they were asked to rate the ex-
amples' usefulness and their usage value on a 5-likert scale (1 = not at
all, 5 = very much). For example, they were asked to complete the items
such as: “How useful are these examples for you?” and “How much do you
consult these examples during the task?”

2.5. Results

A one-way ANOVA or MANOVA with Example Novelty (high-novel
vs. medium-novel vs. low-novel vs. control group) as the between-
subject factor was performed on each dependent variable (i.e. task
duration, pre-exhaustion AUT performance, and post-exhaustion AUT
performance). All post hoc tests were corrected using the Scheffe
correction in this study.

2.5.1. Pre-exhaustion task duration in different groups

Shapiro-Wilk (S-W) tests were used to examine the normality of the
task duration and showed that task duration in the medium-novel (p =
0.001) and control groups (p = 0.041) did not normally distribute.
Therefore, a Kruskal-Wallis (K-W) test was performed to compare the
pre-exhaustion task duration between groups and revealed no signifi-
cant difference (p = 0.075).

2.5.2. Pre-exhaustion AUT performance in different groups

MANOVAs on pre-exhaustion AUT performance (fluency, originality
and flexibility) (Box's M = 21.487, p = 0.321) revealed a significant
main effect of Example Novelty on originality, F (3, 92) = 7.99, p <
0.001, r]pz = 0.21. Post hoc tests showed originality was higher in the
high-novel group (M = 1.84, SD = 0.33; p = 0.001, Cohen's d = 1.36) and
medium-novel group (M = 1.86, SD = 0.37; p < 0.001, Cohen'sd = 1.31)
than in the control group (M = 1.47, SD = 0.20). No significant main
effect of Example Novelty was observed on fluency [F (3, 92) = 0.122, p
= 0.947] and flexibility [F (3, 92) = 0.119, p = 0.948] (see Fig. 2).

2.5.3. The effect of example novelty on post-exhaustion AUT performance

One-way MANOVA showed that the covariance matrices of post-
exhaustion creative performance indices (fluency, originality and flexi-
bility) were not homogeneous (Box's M = 21.487, p = 0.005), thereby
the data did not fit MANOVA. Thus, one-way ANOVAs using Example
Novelty as the between-group factor were conducted on the above
dependent variables, respectively.

Results showed a significant main effect of Example Novelty on
fluency, F (3, 92) = 3.36, p = 0.022, np2 = 0.10. Post hoc tests showed
that fluency in the low-novel group (M = 4.08, SD = 1.78) was higher
than that in the control group (M = 2.36, SD = 1.54, p = 0.028, Cohen's
d = 1.03). The main effect of Example Novelty on originality was sig-
nificant, F (3, 92) =17.29, p < 0.001, npz = 0.36. Post hoc tests revealed
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Fig. 2. (a) and (b) refer to the fluency, originality and flexibility of responses in the high-novel (H), medium-novel (M), low-novel (L) groups and control group
before and after creative exhaustion separately. Error bars indicate standard errors of the mean. *p < 0.05, **p < 0.01, ***p < 0.001.

that originality in the high-novel group (M = 2.24, SD = 0.54, p = 0.019,
Cohen's d = 1.83), medium-novel group (M = 1.91, SD = 0.48, p <
0.001, Cohen's d = 1.23), and low-novel group (M = 1.71, SD = 0.30, p
< 0.001, Cohen's d = 1.04) were higher than that in the control group
(M =1.27, SD = 0.52). Moreover, originality in the high-novel group (M
= 2.24, SD = 0.54) was higher than that in the low-novel group (M =
1.71, SD = 0.30, p = 0.002, Cohen's d = 1.21). The main effect of
Example Novelty on flexibility was significant, F (3, 92) = 4.44, p =
0.006, npz = 0.13. Post hoc tests showed that flexibility in the high-novel
group (M = 2.58,SD = 1.14, p = 0.015, Cohen's d = 1.03) and low-novel
group (M = 2.48, SD = 0.92, p = 0.033, Cohen's d = 1.06) were higher
than that in the control group (M = 1.55, SD = 0.83) (see Fig. 2).

As pre-exhaustion originality differed among four groups, they were
treated as covariates in the aforementioned ANOVA models. Main ef-
fects of Example Novelty on fluency, originality and flexibility remained
significant [fluency: F (3, 91) = 2.74, p = 0.045, npz = 0.08; originality: F
(3,91) = 11.17, p < 0.001, 1,2 = 0.27; flexibility: F (3, 91) = 3.24, p =
0.026, np2 = 0.10].

2.5.4. Example usefulness, usage, and example recall in different groups

A one-way MANOVA with Example Novelty as the between-subject
factor was performed on example usefulness and example usage (Box's
M =13.12, p = 0.05). A significant main effect of Example Novelty was
observed on example usefulness, F (2, 71) = 4.49, p = 0.015, npz =0.11.
Post hoc tests revealed that example usefulness in the low-novel group
(M = 2.97, SD = 0.57) was lower than that in the medium-novel group
(M = 3.28, SD = 0.96, p = 0.03, Cohen's d = —0.36) and high-novel
group (M = 3.41, SD = 0.81, p = 0.05, Cohen's d = —0.63). No signifi-
cant main effect of Example Novelty was observed on example usage, F
(2, 71) = 2.01, p = 0.14. Pearson correlation analysis showed that
example usefulness was positively correlated with fluency (r = 0.44,p <
0.001), originality (r = 0.29, p = 0.01) and flexibility (r = 0.48, p <
0.001) after creative exhaustion. Moreover, all participants successfully
recalled the examples.

2.6. Interim discussion

These results partly supported Hypothesis 1. High-novel examples
were more beneficial to post-exhaustion DT performance than low-novel
examples and no example. That is, the example effect on post-exhaustion
DT performance depends on example novelty. Additionally, novel ex-
amples become more accessible over time.

High-novel examples facilitated creative ideation after creative
exhaustion. This could be explained by the association between exam-
ples and the activated semantic network. As the SIAM theory argues, the
proper cues can activate the associative memory and boost idea gener-
ation as a result (Nijstad & Stroebe, 2006). According to the serial order
effect, individuals would generate more novel but less ideas in the late
stage (Beaty & Silvia, 2012; Hass & Beaty, 2018; Wang et al., 2017).
Considering these theories, remote areas of the semantic network are
activated in the creative exhaustion stage. It is possible that high-novel
examples were more likely to activate remote areas of the semantic
network, which have not been activated due to their remoteness to the
task stimulus, than low-novel ones and breed more original ideas.

3. Experiment 2

Based on the results of experiment 1 and SIAM theory, experiment 2
aimed to further investigate the effect of example diversity on post-
exhaustion DT performance. In experiment 1, the examples were
diverse rather than similar (share many characteristics among the
stimuli themselves), and thus effect of example diversity on post-
exhaustion DT performance remained unexplored. Moreover, findings
in experiment 1 showed that high-novel examples facilitated idea orig-
inality most. Therefore, high-novel examples were used in experiment 2.
In addition, how individual differences in creativity affect this example
effect was also investigated.

3.1. Participants and design

The results of a priori power analysis using G*power 3.1 (Faul et al.,
2007) showed the required sample size is 86. Before the experiment, one
hundred and eighty-eight senior high school students completed the
Creativity Tendency Scale (CTS) of Creativity Assessment Packet (CPA)
and product improvement task (PIT). PIT is the subtest 4 of TTCT, where
participants are required to think of as many ways as possible to change
a toy to make it more enjoyable and appealing (Chen et al., 2016). Ac-
cording to the total scores of these two tasks, the top 23% and bottom
23% individuals were identified as high- and low-creative individuals,
respectively.

Eighty-four senior high school students participated in experiment 2
(46 females, 38 males; age: 17.01 + 0.4 years old). A 2 (Creativity Level:
high vs. low) x 2 (Example Diversity: similar vs. diverse) mixed-subject
design was employed with Creativity Level as the between-subject factor
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and Example Diversity as the within-subject factor. The final sample
sizes of the high-creative group and low-creative group were both 42.

All participants were right-handed and native speakers of Chinese.
They signed the written informed consent prior to the experiment and
received approximately 4 US dollars for their participation. The exper-
iment protocol was approved by the Institutional Ethics Committee of
the University.

3.2. Procedure

Similar to experiment 1, the formal experiment consisted of two
stages. Stage 1 was same as that in experiment 1. In stage 2, participants
were asked to continue completing two AUT items while two diverse or
similar ideas were presented in the form of text during each AUT task.
During the task, participants were asked to generate as many and novel
ideas as possible in 5 min and type them into the computer. AUT items
were also presented in a balanced order.

Examples (originality > 4 within a 5-point Likert scale) from diverse/
similar categories (rated by 2 raters, a = 0.96) in the prior research (Hao
et al., 2014) were assigned to the diverse group or similar group. As idea
diversity refers to the number of categories ideas belong to or the se-
mantic distance between ideas (Jonathan et al., 2021), example di-
versity of these two groups was further rated on a 5-point Likert scale (1
= close semantic distance, 5 = far semantic distance) by 6 raters to
ensure the diversity manipulation (Jonathan et al., 2021). Inter-rater
reliability on these scores was satisfactory (« = 0.84). Examples for
the similar group and diverse group were selected based on the aver-
aging semantic distance ratings from the six raters (newspaper: similar
group: 0.7, diverse group: 2.2; brick: similar group: 1.2, diverse group:
2.3).

Specifically, the similar examples for newspaper and brick included
“Splicing the words in the newspaper as an anonymous letter or using it as a
codebook to exchange information” and “drilling holes in the brick to raise
bees/earth worms”, respectively. The diverse examples for newspaper
and brick included “making a table from compacted newspapers or using
newspapers as stage props like snowflakes” and “hollowing out the brick to
make a tissue box or playing mahjong with bricks”, respectively.

3.3. Task assessment

Same with experiment 1, AUT performance was evaluated in terms of
fluency, originality and flexibility (Guilford, 1967; Runco & Pritzker,
1999). For originality, six raters scored each idea by using a 5-point
Likert scale (1 = unoriginal, 5 = original). Inter-rater reliability on
these scores was satisfactory (newspaper: o = 0.94; brick: a = 0.92).
AUT flexibility was scored as in study 1 (newspaper: a = 0.700; brick: a
= 0.915). Note that raters of originality and flexibility were blind to
experimental conditions. These final originality scores for each partici-
pant were obtained by averaging the individual ratings from the raters.

3.4. Post-experimental tests

Immediately after the task, participants were required to recall the
examples. They were also asked to evaluate the examples' usefulness and
usage using a 5-point Likert scale (four questions). Example questions
are listed as follows: “How useful are these examples for you” and “How
much do you consult these examples during the task?”

3.5. Results

A mixed design ANOVA, with Example Diversity (diverse vs. similar)
as the within-subject factor and Creativity Level (high vs. low) as the
between-subject factor, was performed on each dependent measure (i.e.
task duration, pre-exhaustion AUT performance, post-exhaustion AUT
performance).
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3.5.1. Pre-exhaustion task duration in different groups

The ANOVA showed a significant main effect of Creativity Level on
the pre-exhaustion task duration, F (1, 82) = 5.853, p = 0.018, npz =
0.067. In particular, the high-creative group showed longer pre-
exhaustion task duration (M = 475.52 s, SD = 272.094 s) than the
low-creative group (M = 351.134 s, SD = 189.75 s). Main effect of
Example Diversity and interaction effect were not significant, F (1, 82)
= 0.648, p = 0.423; F (1, 82) = 0.277, p = 0.600.

3.5.2. Pre-exhaustion AUT performance in different groups

The ANOVA demonstrated a main effect of Creativity Level on
fluency, F (1, 82) = 27.317, p < 0.001, np2 = 0.250. Results showed
higher fluency in the high-creative group (M = 11.34, SD = 7.56) than in
the low-creative group (M = 6.17, SD = 3.67, p < 0.001, Cohen's d =
0.87). No effect of Example Diversity and interaction effect was
observed on fluency, F (1, 82) = 0.01, p = 0.92; F (1, 82) = 0.00, p =
0.99. For originality, results showed no significant main effect of Crea-
tivity Level [F (1, 82) = 0.84, p = 0.36], Example Diversity [F (1, 82) =
1.14, p = 0.29] or interaction effect [F (1, 82) = 0.90, p = 0.35]. For
flexibility, results revealed a significant main effect of Creativity Level, F
(1, 82) = 26.07, p < 0.001, npz = 0.24. In particular, the high-creative
group performed higher flexibility (M = 7.465, SD = 5.759) than the
low-creative group (M = 3.65, SD = 2.445, Cohen's d = 0.86). No sig-
nificant main effect of Example Diversity and interaction effect was
found, F (1, 82) = 0.001,p = 0.98; F (1, 82) = 0.03, p = 0.86 (see Fig. 3).

To exclude the potential contaminative effect of pre-exhaustion task
duration, it was taken as a covariate in the aforementioned models. For
fluency and flexibility, the main effect of Creativity Level remained
significant, F (1, 80) = 2.288, p < 0.001, T]p2 =0.20; F (1, 80) = 19.225,
p < 0.001, npz = 0.19. However, main effect of Example Diversity on
originality became significant, F (1, 80) = 2.288, p = 0.027, npz =0.06.
In particular, the diverse example group showed higher originality (M =
4.08, SD = 2.36) than the similar example group (M = 3.31, SD = 1.90,
Cohen's d = 0.36).

3.5.3. Post-exhaustion AUT performance in different groups

Results showed significant main effect of Example Diversity and
Creativity Level on fluency, F (1, 82) = 5.45, p = 0.022, np2 =0.06;F(1,
82) = 5.68, p = 0.019, np2 = 0.07. Fluency in the diverse example
condition (M = 4.08, SD = 2.40) was higher than that in the similar
example condition (M = 3.32, SD = 1.93, Cohen's d = 0.35). Fluency in
the high-creative group (M = 4.10, SD = 2.46) was higher than that in
the low-creative group (M = 3.30, SD = 1.73, Cohen's d = 0.38). No
significant interaction effect of Creativity Level and Example Diversity
was observed, F (1, 82) = 0.24, p = 0.63 (see Fig. 3).

For originality, results showed significant main effect of Example
Diversity and Creativity Level, F (1, 82) = 4.68, p = 0.034, np2 =0.05; F
(1, 82) =6.93,p =0.01, npz = 0.08. Originality in the similar example
condition (M = 2.38, SD = 0.77) was higher than that in the diverse
example condition (M = 2.13, SD = 0.74, Cohen's d = 0.33). Originality
in the high-creative group (M = 2.40, SD = 0.79) was higher than that in
the low-creative group (M = 2.11, SD = 0.70, Cohen's d = 0.39). No
significant interaction effect of Creativity Level and Example Diversity
was observed, F (1, 82) = 0.02, p = 0.89 (see Fig. 3).

For flexibility, results showed significant main effect of Example
Diversity and Creativity Level, F (1, 82) = 8.28, p = 0.005, np2 =0.09; F
(1, 82) = 4.49,p = 0.037, npz = 0.05. Flexibility in the diverse example
condition (M = 2.89, SD = 1.54) was higher than that in the similar
example condition (M = 2.30, SD = 1.17, Cohen's d = 0.43). Flexibility
in the high-creative group (M = 2.82, SD = 1.58) was higher than that in
the low-creative group (M = 2.48, SD = 1.03, Cohen's d = 0.25). No
significant interaction effect of Creativity Level and Example Diversity
was observed, F (1, 82) = 0.002, p = 0.96 (see Fig. 3).

To exclude the potential contaminative effect of pre-exhaustion task
duration, it was taken as a covariate in the aforementioned models. For
fluency, originality and flexibility, the main effect of Creativity Level



H. Yuan et al.

(a) AUT performance before exhaustion
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Fig. 3. (a) and (b) refers to refers to the fluency, originality and flexibility of responses before and after exhaustion, respectively. Error bars indicate standard errors

of the mean. *p < 0.05, ***p < 0.001.

remained significant [fluency: F (1, 80) = 5.74, p = 0.019, npz = 0.07;
originality: F (1, 80) = 4.32, p = 0.04, np2 = 0.05; flexibility: F (1, 80) =
4.20, p = 0.044, npz = 0.05]. However, main effect of Example Diversity
became non-significant, [fluency: F (1, 80) = 0.59, p = 0.445, origi-
nality: F (1, 80) = 2.65, p = 0.11, flexibility: F (1, 80) = 2.62,p = 0.11].

3.5.4. Example usefulness, usage, and example recall in different groups

There was no significant main effect of Creativity Level and Example
Diversity and interaction effect between them on evaluations of example
usefulness [Creativity Level: F (1, 81) = 1.36, p = 0.25; Example Di-
versity: F (1, 81) = 1.36, p = 0.25; Creativity Level x Example Diversity:
F(1,81)=0.18, p = 0.67]. Similarly, results showed no significant main
effect of Creativity Level and Example Diversity and interaction effect
between them on example usage [Creativity Level: F (1, 81) = 1.36,p =
0.25; Example Diversity: F (1, 81) = 0.17, p = 0.68; Creativity Level x
Example Diversity: F (1, 81) = 0.51, p = 0.48]. Moreover, all partici-
pants successfully recalled the examples.

3.6. Interim discussion

Results showed that post-exhaustion fluency and flexibility were
higher in the diverse example condition than those in the similar
example condition. In contrast, originality benefited more from similar
examples than diverse examples. This result supported Hypothesis 2.
When being exposed to examples (regardless of example diversity),
high-creative participants performed well in terms of idea fluency,
originality, and flexibility when compared to those with low creativity.
Hypothesis 3 was partly supported. However, diverse examples did not
enhance the creative performance of the high-creative group when
compared to the low-creative group. This may result from that the level
of example diversity is not high enough to activate broader problem-
relevant knowledge for individuals with high creativity. That is, there
are only 2 examples in the diverse or similar example condition. Future
study should consider the diversity range to investigate the stimulation
effect of example diversity on post-exhaustion DT performance.

4. General discussion

This study examined how example features (i.e. idea novelty and

diversity) affect the example effect on idea generation after creative
exhaustion. Moreover, individual differences in creativity were also
considered when exploring the effect of example diversity on idea
generation after creative exhaustion. Results showed that presenting
high-novel examples to individuals after creative exhaustion led to high
idea originality when compared to low-novel examples or no example.
Results of example diversity effect revealed that diverse examples
facilitated fluency and flexibility in comparison to similar examples,
whereas similar examples enhanced originality after exhaustion in
comparison to diverse examples. Regardless of example diversity, high-
creative participants performed better in terms of idea fluency, origi-
nality, and flexibility in comparison with low-creative ones.

Experiment 1 revealed that examples with high novelty induced
higher DT originality than those with low novelty and control group
after creative exhaustion. This partly supported hypothesis 1. Drawing
on the associative theory of creativity, more remote associations can be
activated as idea generation proceeds (Mednick, 1962). With the
spreading activation of semantic network in the late stage of task, novel
examples as retrieval cues may be more easily integrated within the
search for ideas (Nijstad & Stroebe, 2006). Previous studies showed that
avoiding using common examples could enhance originality in com-
parison with using common examples and explained that common ex-
amples caused mental fixation on DT (George & Wiley, 2020). In this
case, we suggested that since ideas with low novelty were nearly
exhausted during the early state of task, presenting such examples might
be less effective in stimulating more remote associations than those with
high novelty. In contrast, high-novel examples might stimulate more
remote associations, lead individuals to concern unexplored ideas, and
boost higher originality after creative exhaustion.

Participants that were exposed to high-novel examples showed no
advantage on post-exhaustion fluency and flexibility over those with
medium-novel or low-novel examples. The possible reason is that in-
dividuals may have difficulty in generating a large number of new ideas
after creative exhaustion even after seeing examples. That is, the equal
post-exhaustion fluency and flexibility between groups may result from
floor effect. In addition, the low-novel group performed better than the
control group. According to the associative theory of creativity
mentioned above, low-novel examples might activate close associations
and relevant knowledge or even direct individuals to deeply explore
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candidates within the domain of the examples. In this case, individuals
are capable of generating more common or original ideas, thereby the
low-novel group showed high fluency, originality, and flexibility in
comparison to the control group.

In line with hypothesis 2, experiment 2 showed that post-exhaustion
fluency and flexibility was higher in the diverse example condition than
that in the similar example condition. This finding supported the SIAM
model, which suggests diverse stimuli can activate more problem-
relevant knowledge than similar stimuli (Nijstad & Stroebe, 2006).
Moreover, post-exhaustion originality was lower in the diverse example
condition than that in the similar example condition. As the similar
example group had lower pre-exhaustion originality than the diverse
example group, it still had room to improve its originality after-
exhaustion. Given the max-3 scoring results did not show such differ-
ence, this might also be an effect of the average scoring used in this
study. Alternatively, according to the attention allocation theory, the
disparity activation of relevant knowledge domains by diverse examples
will inhibit deep exploration and reduce idea originality as a result (Sio
et al., 2015). Moreover, holding diverse knowledge in mind simulta-
neously can increase cognitive load and reduce cognitive resources in
ideation (Santanen et al., 2004). As participants had only 5 min to
generate ideas after seeing the examples, the similar examples may be
processed more easily and deeply than the diverse ones. Therefore, the
similar examples could stimulate higher idea originality than the diverse
ones. However, these explanations should be taken cautiously and
deserved further explorations.

Hypothesis 3 partly suggested that individuals' creativity may affect
effect of example diversity on post-exhaustion DT performance because
of their differences in semantic network structure (Kenett et al., 2014).
The high-creative group performed better than the low-creative ones in
terms of fluency, flexibility and originality after creative exhaustion,
thereby Hypothesis 3 was partly supported. However, experiment 2
showed no interaction effect between Creativity Level and Example
Diversity on creativity after creative exhaustion. Therefore, hypothesis 3
was not completely supported. The possible reason is that only two ex-
amples were presented in the diverse or similar example condition, and
thereby the manipulated example diversity was not diverse enough. In
addition, participants only had 5 min to use these examples after crea-
tive exhaustion in this study. As the associative memory of high-creative
person is broader and more flexible (Kenett et al., 2014), more time may
be necessary for individuals to recognize and use the examples as
retrieve cues. Future research should take these possible factors into
consideration as well.

To sum up, the findings about the effect of example novelty, as well
as example diversity on DT performance after creative exhaustion,
advanced our understanding about the role of example features in cre-
ative performance. Previous studies only investigated the difference
between common (i.e., low-novel ones) and original examples (i.e.,
high-novel ones). The current study further divided examples into high,
medium and low-novel ones. While example timing has been investi-
gated by previous studies (Siangliulue et al., 2015; Tseng et al., 2008;
Yuan et al., 2021), this study went further and examined the example
effect on DT performance after creative exhaustion. These findings
revealed how example novelty and diversity affected the example effect
on DT performance after creative exhaustion, which help support and
refine theories of examples' inspiration. It is worth noting that the high-
creative and low-creative groups differed more in the post-exhaustion
session than in the pre-exhaustion session. It is possible that high-
creative individuals can utilize examples better than low-creative
ones. This finding suggests that the role of individual differences in
creativity should be considered in example inspiration studies.

This study has several limitations. Firstly, the precise mechanism
underlying the stimulation effect of example novelty and diversity on
post-exhaustion DT performance was not explored. Further research
may use neuroscientific method or others to explain these findings based
on theories such as the SIAM model. Secondly, given only two examples
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were presented in the diverse example condition, the manipulated
example diversity might not be diverse enough. This might mask the
hypothesized benefits of diverse examples for the high-creative in-
dividuals. Moreover, participants only had 5 min to recognize and use
these examples in this study. Further research could test the impact of
diversity range and post-exhaustion task duration in the example effect
on post-exhaustion DT performance. Thirdly, creative exhaustion was
identified as the moment when participants reported that they had run
out of ideas in this experimental design. This led to a dilemma that the
time on task (and number of ideas) before exhaustion, which was sys-
temically associated with creativity performance, differed across par-
ticipants. Therefore, further research can manipulate creative
exhaustion in other ways such as presenting examples after a fixed time
period, fixed number of ideas, or after idea fluency goes below a certain
threshold. Lastly, a messenger app was used in the current study to
collect data due to the outbreak of COVID-19. Future studies should
adopt lab design to ensure task commitment and valid performance.
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