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Abstract

Research suggests that when individuals have limited prior knowledge, drawing from concrete
past cases rather than abstract concepts enhances conceptual combination and creativity. However,
it remains unclear whether these cases should stem from personal experiences or expert-provided
sources. Additionally, there is little guidance on which aspects of personal experiences contribute
to higher creative performance, warranting an initial investigation into their role in problem-
solving. This two-study effort examined how 347 college students designed a high school
curriculum using either personal experiences, expert-provided cases, or a combination of both,
with some also receiving heuristic guidance to aid conceptual combination. Results showed that
personal experiences associated with positive outcomes and emotions were linked to higher
creative performance. However, Study 2 revealed that expert-provided cases combined with
heuristic support led to greater conceptual combination effectiveness, improving solution quality
and elegance, suggesting that external expert cases may be preferable for individuals with low-to-
moderate expertise. Interestingly, more effective case combination was associated with reduced
originality, underscoring a potential tradeoff between heavily relying on past cases and novelty.
These findings highlight how case source and heuristic guidance shape creative problem-solving,
offering insights into optimizing knowledge integration strategies for individuals with limited
domain expertise.

Keywords: conceptual combination, case source, heuristics, creativity, quality, originality,

elegance
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Introduction

Creativity or the ability to generate novel and useful ideas (Kaufman & Sternberg, 2019)
is essential for organizational growth and success in today’s fast-changing world (Amabile &
Conti, 1999; Brem et al., 2016; Klijn & Tomic, 2009). According to the creative process model,
new ideas often emerge by combining elements from prior concepts or cases (Mumford et al.,
1991). Historical examples, such as Benjamin Franklin, demonstrate how integrating past
experiences — including goals, actions, and outcomes — can drive innovation (Mumford, 2002).
Research suggests that this case-based approach can be as effective for creative performance as
relying on textbook concepts and principles (Hunter et al., 2008).

Experts argue that when people have limited prior knowledge, making it difficult to extract
relevant features and principles from abstract concepts, a case-based approach may be particularly
beneficial for conceptual combination and idea generation (Reeves & Weisburg, 1994; Scott et al.,
2005). However, non-experts may either lack domain-specific experiences to draw from or
struggle to interpret expert cases they have not personally encountered. Despite these challenges,
no empirical research has examined whether the source of prior cases, such as personal experience
or external examples, affects creative performance for individuals with low to moderate expertise.
In other words, does the origin of prior cases matter?

Thus, the focus of the present study is to compare the conceptual combination effectiveness
and subsequent creative performance of non-expert individuals when working with personal
experiences, external expert cases or a combination of the two. Literature provides no guidance
for what types of personal experiences facilitate creative performance, suggesting the need for an
initial study examining which aspects of personal cases are associated with higher creative
performance. Study 1 and study 2 employed a methodology similar to prior work in this domain

(Mumford & England, 2022) where individuals with a low-to-moderate level of expertise



combined insights from prior cases to solve a complex problem, and the final solution was rated
for creative performance in terms of quality, originality, and elegance. This conceptual
combination process involves a set of complex mental operations commonly referred to as
heuristics. Scott and colleagues (2005) demonstrated that providing conceptual combination
heuristic guidance tailored to prior cases facilitates the generation of new ideas and creative
performance. However, the empirical findings from that study have not yet been replicated.

Accordingly, the aim of this study was to replicate and extend prior research by examining
how the source of cases — specifically personal, external, or a combination — and the use of heuristic
guidance influence both conceptual combination effectiveness and creative problem solving
among non-experts. The findings are particularly useful for situations where non-expert
individuals need to solve complex, ambiguous problems based on prior cases. Another objective
was to determine which types of personal experiences lead to higher creative performance. These
results are especially helpful when external cases are unavailable, and individuals must rely on
insights from personal experiences.

Creativity

Creativity, commonly defined as the generation of high quality, original, and elegant ideas or
solutions to ambiguous problems is a valuable resource for social and economic growth (Amabile
et al., 1996; Besemer & O’Quin, 1999; Mumford & Gustafson, 2007; Sternberg & Lubart, 1995).
Extensive research has explored how individuals and teams produce creative ideas and solutions
(Hennessey & Amabile, 2010; Runco, 2004) assess creative thinking abilities (McCrae, 1987) and
evaluate individual characteristics associated with superior creative performance (Weisberg,
2006). Mumford et al. (1991) developed a process analytic model of creative capacities
highlighting specific discrete processes involved in creativity and creative performance. Figure 1

shows an updated version of this model (Vessey & Mumford, 2012).



INSERT FIGURE 1

According to this model, creative thinking begins with problem definition, followed by
information acquisition and information selection (Baer, 2003; Finke et al., 1992; Rich &
Weisberg, 2004). Selected pieces of information serve as a foundation for conceptual combination,
the process of combining these pieces to facilitate idea generation and evaluation. Viable ideas are
then selected, followed by implementation planning and active monitoring of outcomes. These
processes operate dynamically, with any changes potentially prompting a revisit to earlier stages
(Mumford et al., 2012). Scholars have amassed evidence supporting these processes (Baughman
& Mumford, 1995; Lonergan et al., 2004; Mobley et al., 1992; Reiter-Palmon et al., 1998; Scott et
al., 2005) with their effective execution correlating strongly with solution quality, originality, and
elegance (Connelly et al., 2000; Mumford et al., 1996; Vincent et al., 2002). Although multiple
distinct processing activities are involved in creative problem solving, conceptual combination is
the basis for generating original, workable ideas (Mumford & Mclntosh, 2017).

Conceptual Combination

Conceptual combination, commonly defined as the combination of elements from concepts
or cases to generate new ideas, is one of the key processes in creative thought (Gill & Dube, 2007;
Mumford et al., 1991; Scott et al., 2004). Historical accounts of notable innovators exemplify how
groundbreaking ideas often arise from selecting and reconfiguring information from prior
experiences (Haven, 2007; Philibin, 2005). An example of this phenomenon is public fire
departments, an innovative solution that emerged from Benjamin Franklin’s reflections on his

experiences founding subscription libraries (Mumford, 2002).



Although early creativity scholars focused on the combination of concepts and principles (i.e.,
schematic knowledge) later work showed that it is possible for individuals to work with more
complex knowledge structures, namely cases (Hunter et al., 2008). Cases contain information
about past goals, courses of action, and the consequences of these actions (i.e., case-based
knowledge). Research has found that insights from these cases can be used to generate solutions
of comparable quality, originality, and elegance and are in fact, preferred under certain conditions
(Mumford et al., 2006; Scott et al., 2005). Because case-based knowledge can include information
about concepts and principles (i.e., schematic knowledge) the associations between concepts (i.e.,
associational knowledge) and the applications of principles in context, it is a more comprehensive
and richer knowledge structure.

With respect to creative thinking, literature suggests that drawing insights from prior cases
(i.e., case-based conceptual combination) rather than solely using concepts and principles is
preferable under the following conditions. First, problem domains emphasizing practical real-
world problems versus theoretical problems benefit from case-based conceptual combination
(Kolodner, 1993; Koplinka et al., 1988). Second, combining information from prior cases provides
value when a set of well-organized concepts and principles is not available (Mumford, 2000).
Third, when problems are so ambiguous and complex that applicable principles are unclear, case-
based conceptual combination is helpful (Reeves & Weisburg, 1994). Fourth, when the individuals
generating the solutions lack expert knowledge about concepts and principles, case-based
conceptual combination facilitates creative performance (Scott et al., 2005).

To date, there are two key empirical studies on case-based conceptual combination, one by
Scott and colleagues (2005) and the other by Hunter and colleagues (2008). Both studies asked

participants with low-to-moderate expertise to employ case-based conceptual combination to



generate a creative solution to a complex problem, such as developing a new educational
curriculum for an experimental school. The former provided external expert cases to participants,
while the latter asked participants to use their own past experiences. The findings played a pivotal
role in advancing the literature on case-based conceptual combination, yet they prompted a
research question regarding the most optimal source of cases used in conceptual combination. A
case-based approach has been recommended for individuals who have less prior knowledge
available (Reeves & Weisburg, 1994), however, these individuals may either lack domain-specific
experiences to draw from or struggle to interpret expert cases they have not personally
encountered. It is unclear whether they should rely on personal experience (see figure 2), explore
and learn from expert past cases (see figure 3), or use a combination of both. The following section
discusses the potential advantages and disadvantages of each approach and their impact on

conceptual combination effectiveness and subsequent creativity.

INSERT FIGURE 2

INSERT FIGURE 3

Case Source

Direct experiences can help individuals understand task requirements, learn from errors,
and improve strategies (Argote & Todorova, 2007). Firsthand exposure to situations not only
imparts explicit knowledge but also tacit knowledge and competencies or knowledge and skills
learned during action that are challenging to verbalize (Gino et al., 2010; Mitchell et al., 2021;

Nonaka et al., 1996). This tacit knowledge can greatly contribute to innovation, as it provides



perceptual, motor, affective, introspective, and social information that is hard to obtain otherwise
(Kucharska & Erickson, 2023). Recent cognitive theorists have recognized the importance of this
situated knowledge for case-based conceptual combination (Wu & Barsalou, 2009; Yeh &
Barsalou, 2006). Lynott and Connell (2010) presented a new term called embodied conceptual
combination to describe the process in which individuals combine characteristics of mentally
simulated situations that contain actions, emotions, and beliefs, as they think this is a superior
process than using non-simulated information.

On the other hand, scholars have found that individuals tend to over-rely on personal
experiences, and that this can foster inflexible thinking, leading to hasty, superficial judgments
prone to errors (Tien et al., 2019). When confronted with seemingly similar yet structurally
different problems, individuals tend to apply prior solutions without tailoring them to the new
situation, resulting in worse outcomes than those approaching the new problem with a fresh
perspective (Frensch & Sternberg, 1989). Thus, while the use of personal experiences can bolster
judgment and creative potential, it can also dampen divergent thinking and creative performance
(Tien et al., 2019). Additionally, non-expert individuals frequently lack domain-related
experiences, particularly high-quality ones, making it challenging to rely on personal cases to
generate high-quality solutions. Working with external expert cases grants them access to
otherwise inaccessible knowledge that contributes to creative performance (Argote & Ingram,
2000; Bandura, 1977; Gino et al., 2010: Reilly, 2008).

Therefore, we propose that individuals with low-to-moderate expertise will execute
conceptual combination more effectively and generate better solutions when working with external

cases than when working with personal cases. Moreover, given that conceptual combination occurs



before generating the final solution, we propose that conceptual combination effectiveness

mediates the relationship between case source and creative performance (see Figure 4).

Hypothesis 1: Working with external expert cases leads to higher conceptual combination
effectiveness than working with personal cases or a mix of both.

Hypothesis 2: Working with external expert cases leads to higher levels of creative
performance (i.e., quality, originality, and elegance) than working with personal cases or a
mix of both

Hypothesis 3: Conceptual combination effectiveness mediates the effects of case source on

creative performance (i.e., quality, originality, and elegance).

Personal Case Selection

In this research, we assume that when individuals seek external cases, they typically focus
on examples from experts addressing similar situations. These cases, often accessed through news
outlets, reports, books or articles, tend to be well articulated and accurate, highlighting eftective
solutions and/or major failures that serve as cautionary examples. In contrast, there are no specific
constraints or guidance for selecting personal cases, other than their relevance to the problem at
hand. Understanding what makes certain personal cases more useful for creative problem solving
i1s important for two reasons. First, there are situations where external sources are unavailable,
leaving individuals to rely solely on their existing knowledge and past experiences. Second, it is
unclear what characteristics make a personal experience better than others for conceptual
combination. Additionally, guidance is critical because individuals often possess a vast number of
experiences related to a given problem domain. Prior research on case-based conceptual
combination suggests that working with more than two or three personal cases can lead to cognitive

overload, making it harder to effectively combine elements across cases and ultimately reducing



the likelihood of generating innovative solutions (Scott et al., 2005). In this section, we explore
various factors that may influence the usefulness of personal cases.

Research has shown that case characteristics matter when extracting information to
generate viable solutions to solve complex problems, and that poorly constructed cases can impede
case-based learning and sensemaking mechanisms (Bagdasarov et al., 2012; Harkrider et al., 2012;
Johnson et al.,, 2012; Thiel et al., 2011). Experts have recommended reflecting on the
characteristics of strong and weak cases because it prompts the consideration of effective strategies
and areas for improvement (Mulhearn et al., 2020). Supporting this notion, Antes and Mumford
(2012) and Vessey and colleagues (2011) found that a balanced approach, considering both positive
and negative elements, led to the most robust problem solutions. However, a later study found that
participants generated stronger problem solutions when reflecting on positive personal
experiences, rather than on negative ones (Antes et al., 2012). This aligns with the proposition that
reflecting on negative experiences may pose a psychological threat and reduce cognitive
performance (Sedikides & Green, 2004). Given the mixed findings, we present the following

research questions:

Research Question 1: How might the inclusion of (a) positive outcomes and (b) negative
outcomes in personal cases relate to conceptual combination effectiveness?

Research Question 2: How might the inclusion of (a) positive outcomes and (b) negative
outcomes in personal cases relate to creative performance (i.e., quality, originality, and

elegance)?

In addition, experts have argued that it is easier to remember details of and draw insights
from emotionally laden cases (Atkinson, 2008; Bagdasarov et al., 2013; Herreid, 1998; Kim et al.,

2006). Emotions are always somewhat present in personal experiences and those more heavily



charged with emotions are typically more memorable and readily activated when addressing
problems compared to neutral events (D’Argembeau & Van der Linden, 2007). For instance,
including descriptions of characters’ emotional experiences when describing past cases resulted in
better acquisition of case-based knowledge and production of better solutions to ethical problems
(Thiel et al., 2011).

There are mixed findings as to whether that is the case for both positive and negative
emotions. A set of studies have shown that both types of emotions can have beneficial effects, with
positive emotions facilitating rapid idea generation, and negative emotions motivating individuals
to seek improvements (Baas et al., 2008; George & Zhou, 2002; To et al., 2012). Others have found
that mild positive emotions can enhance basic cognitive processes associated with creativity, while
negative feelings are generally associated with decreased creativity (e.g., Bruner et al., 1955;
Greene et al., 1988; Isen et al., 1987; Isen et al., 1985; Sullivan & Conway, 1989). It has been
argued that past experiences that induce strong negative emotions may divert resources from
cognitive processing, leading to suboptimal performance in creative problem solving (Fiedler &
Garcia, 1987).

Individuals investigating the relationship between emotions and creativity have also looked
at the level of arousal of emotions and how that might affect creative performance (Baas et al.,
2008). For instance, some positive and negative emotions are considered activating (e.g., excited,
angry) while others are considered deactivating (e.g., calm, sad). Activating emotions facilitate
cognitive flexibility, abstract thinking, processing speed, and access to long-term memory, all of
which is conducive to conceptual combination effectiveness and creativity (Baddeley, 2000;
Conner & Silvia, 2015; Damasio, 2001; Dietrich, 2004; Strasbaugh & Connelly, 2022). This is

attributed to the release of dopamine and noradrenaline associated with activation and arousal,



which enhances working memory capacity and cognitive abilities (Baddeley, 2000; Flaherty, 2005;
Usher et al., 1999). The studies to date have examined state and trait emotions in relation to creative
performance, yet none have explored working with emotion infused cases and the impact of these

cases on creative problem solving. Therefore, we propose the following research questions:

Research Question 3: How might the inclusion of (a) positive activating emotions, (b)
positive deactivating emotions, (c) negative activating emotions, and (d) negative
deactivating emotions in personal cases relate to conceptual combination effectiveness?

Research Question 4: How might the inclusion of (a) positive activating emotions, (b)
positive deactivating emotions, (c) negative activating emotions, and (d) negative
deactivating emotions in personal cases relate to creative performance (i.e., quality,

originality, and elegance)?

The last case characteristic we examine in the current study is the degree of similarity
between personal cases. Although no empirical studies have examined the effects of case similarity
on creativity, we can draw from the extensive literature on concept similarity or diversity, and how
that impacts conceptual combination effectiveness and creative performance. The findings from
this body of literature are mixed (see Finke et al., 1992; Mobley et al., 1992; Mumford et al., 1997;
Scott et al., 2005). On one hand, working with discrepant concepts forces individuals to resolve
contradictions that can lead to more original thinking (Baughman & Mumford, 1995; Estes &
Ward, 2002; Wilkenfeld & Ward, 2001). Thus, employing diverse concepts not commonly
associated with each other can lead to the generation of novel problem solutions (MacKinon, 1962;
Mednick et al., 1964; Mumford & Gustafson, 1988; Mumford et al., 1991). Mobley and colleagues
(1992) tested this hypothesis employing a conceptual combination task and found that presenting

unrelated rather than related concepts resulted in more original combinations. Similarly, Kohn and
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team (2011) found that unrelated concepts led to more original combinations, although this effect
did not extend to the final problem solution’s originality.

On the other hand, combining similar concepts should be easier because their
commonalities and differences are much more apparent, thereby facilitating the identification of
potential integrations and modifications to generate new solutions (Wilkenfeld & Ward, 2001). In
addition, the compatibility between related concepts should reduce the need to extensively modify
existing knowledge to incorporate them sensibly, thus reducing cognitive load. In alignment with
these arguments, Mobley and colleagues (1992) found that working with related concepts
produced higher-quality combinations. Kohn and team (2011) further supported this notion with
their findings that individuals working with related concepts generate more combinations than
those working with unrelated concepts. Given the mixed findings and the lack of research
examining whether the results stated above generalize to cases, we propose the following research

questions:

Research Question 5: How might the degree of personal case similarity relate to conceptual
combination effectiveness?
Research Question 6. How might the degree of personal case similarity relate to creative

performance (i.e., quality, originality, and elegance)?

Regardless of the characteristics and the source of the cases used in case-based conceptual
combination, creativity experts recommend using a set of heuristics as discussed in the following
section (Mumford & England, 2022; Mumford et al., 2013; Scott et al., 2005).

Case-Based Heuristics

Cases are complex knowledge structures that require careful evaluation and restructuring

to develop effective solutions. Integrating elements from multiple cases — assessing their relevance,
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rearranging components, and tailoring them to a specific situation — demands both intelligence and
cognitive effort (Thomas & McDaniel, 1990). For individuals with low to moderate expertise, step-
by-step guidance may be particularly beneficial in navigating this process.

Scott et al. (2005) proposed a set of mental operations (i.e., case-based heuristics) to
facilitate case-based conceptual combination: (1) identifying key characteristics of each case, (2)
analyzing their strengths and weaknesses, (3) combining strengths to develop an initial solution,
and (4) forecasting the potential positive and negative outcomes. However, empirical support for
these heuristics remains limited and somewhat mixed, highlighting the need for additional studies.
While Scott et al. (2005) found a positive relationship between effective heuristic application and
solution quality, originality, and elegance, training programs designed to improve these skills have
shown no measurable post-intervention impact on creative performance (Mulhearn et al., 2020).
Given this uncertainty, further research is needed to confirm whether following these heuristics
leads to improved conceptual combination effectiveness and creative performance. This study was

designed to test the following hypotheses:

Hypothesis 4: Providing case-based heuristics to follow leads to higher conceptual
combination effectiveness than not providing these heuristics.

Hypothesis 5: Providing case-based heuristics to follow leads to higher levels of creative
performance (i.e., quality, originality, and elegance) than not providing these heuristics.
Hypothesis 6: Providing case-based heuristics to follow influences creative performance

(i.e., quality, originality, and elegance) mediated by conceptual combination effectiveness.

Although both case source and the presence of heuristics have been proposed to
independently influence conceptual combination and creative performance, it is also important to

consider how these factors may interact. Prior literature suggests that case-based heuristics are

12



particularly helpful when individuals face high task complexity or lack sufficient expertise to
navigate ambiguous information structures (Mumford et al., 2013; Scott et al., 2005). Personal
cases, by nature, may be more difficult to work with given their potential emotional complexity,
lack of structure, and variability in relevance. As such, heuristics may be especially beneficial
when individuals are drawing from their own experience, helping them extract and recombine
relevant elements more effectively. In contrast, external cases — typically curated, structured, and
expert-informed — may already provide a degree of scaffolding, potentially reducing the
incremental value of heuristics. Thus, we expect that the benefits of providing heuristics will be
more pronounced for individuals working with personal or mixed-source cases than for those
working with expert external cases. This suggests a moderation effect, whereby the impact of
heuristics depends on the nature of the case source. To test this interaction, we propose the

following hypothesis:

Hypothesis 7: The effect of case-based heuristics on (a) conceptual combination
effectiveness and (b) creative performance (i.e., quality, originality, and elegance) will be
moderated by case source, such that the benefits of heuristics will be greater when working

with personal or mixed cases than with external expert cases.

Before testing these hypotheses, study 1 empirically tests the research questions regarding
the relationships between personal case characteristics, conceptual combination effectiveness and
creative performance (i.e., solution quality, originality, and elegance). Findings from study 1 will

guide prompting in study 2 when asking participants to think of past experiences.
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Study 1 Method
Sample

The sample for this study comprised 84 undergraduate students, 15 male and 69 female
between the ages of 18 and 25. Most of the sample identified as European/Caucasian (54.8%). The
remaining participants identified as Asian (9.5%), Hispanic/Latino (13.1%), African
American/Black (4.8%), American Indian/Native American or Alaska Native (4.8%), Hawaiian
Native or Other Pacific Islander (3.6%), Middle Eastern (n = 6, 7.1%), or Asian American (2.4%).
They were recruited via SONA, the university’s online participant recruitment system, and were
given course credit to fulfill an educational requirement. Participants completed the study in
person, using printed materials and an online Qualtrics survey.

General Procedures

Each session began with participants reading and signing the informed consent form and
completing two timed covariate measures assessing intelligence and divergent thinking. This was
followed by presenting participants with general task materials adapted from prior problem solving
studies, in which they assumed the role of a principal of a new experimental high school (Hunter
et al., 2008). The materials included goals for the task and things to consider while working
through the task. Participants were asked to retrieve and write about two prior personal high school
cases related to the task at hand. We asked for two cases and not more because it is the minimum
amount one needs to generate a combination, yet the task does not become too difficult given the
complexity of working with cases (Scott et al., 2005). After writing down their cases, they followed
the case-based heuristics to guide conceptual combination, writing 4-8 sentences for each step in
the heuristics guidance. The final step was to formulate a plan for how they would structure the
functioning of their school. After completing this task, participants filled out several individual

difference covariate measures and were debriefed.
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Covariate Measures

Divergent thinking or generating novel ideas by exploring multiple possibilities, was
assessed using Merrifield et al.’s (1962) Consequences measure. This measure prompted
participants to generate novel ideas that might be potential results of unlikely events. For example,
one prompt asks participants to consider “What would be the results if people no longer needed or
wanted sleep?” Participants were instructed to generate as many consequences as possible for each
prompt, with a time limit of two minutes per prompt. This measure typically yields internal
consistency coefficients above .70 (Vincent et al., 2002). Intelligence was measured using the
Employee Aptitude Survey, a verbal reasoning measure that presents six problem scenarios, with
each scenario presenting four or five known facts about the problem, and five conclusions for each
problem (Ruch & Ruch, 1963). Participants must indicate whether each conclusion is false, true,
or unknown given only the facts of the problem. This measure tends to yield internal consistency
coefficients over .80 (Grimsley et al., 1985).

The first untimed covariate measure that was presented to participants after a demographic
information form was the with the Five-Factor Model Questionnaire, assessing the Big Five
personality characteristics of extraversion, agreeableness, neuroticism, openness, and
conscientiousness (Gill & Hodgkison, 2007). Participants indicated, on five-point Likert scales,
the extent to which each of the 80 items reflects their own personality. The resulting 16-item scales
yielded internal consistency reliability above .70. Domain expertise was assessed with Scott et al.’s
(2005) background data measure, asking participants about their exposure to and interest in issues
surrounding education. This measure yielded an internal consistency coefficient of .70. Because
all participants were expected to have low to moderate expertise in the education domain, it was
important to measure domain-specific knowledge to accurately characterize the sample. Capturing

this information allowed us to identify any participants with unusually high expertise and
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statistically control for potential expertise-related effects on the outcomes of interest. Because
creative problem solving requires participants to think deeply, participants were asked to complete
Cacioppo et al.’s (1984) measure of need for cognition. This 18-item measure asked participants
to rate on a five-point Likert scale their preference for engaging in intellectually stimulating tasks
(Watts et al., 2017). This scale yielded an internal consistency coefficient of .81.

Experimental Task

Participants were asked to participate in a low-fidelity simulation task adapted from
Strange and Mumford (2005) in which they take on the role of a principal at a new experimental
high school (see Appendix A). Prior studies that have used this task have indicated undergraduate
students generally find the task to be both engaging and realistic, which suggests they are
motivated when working on the task.

As the principal of the new experimental high school, participants were asked to improve
the academic success of the school’s student body by creating a new curriculum for the school. In
this task, participants were presented with a description of the high school, which notes that the
school was established by the State Department of Education based on funds allocated as part of a
national effort to institute experimental secondary schools in each state. The purpose of this
national effort was to establish new academic programs that would contribute to the improvement
of the student body. At the end of each academic year, school performance was to be assessed and
compared to other high schools in the state as well as other newly established experimental schools
in different states on standard educational outcomes.

Participants in this study were informed that the experimental schools with the greatest
performance gains would be allotted additional funding in the following academic year and that
they would be asked to circulate their curriculum to the other secondary schools in their state. After

reading through this introductory material, participants were provided with a more in-depth,
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detailed description of the experimental school as well as the state educational system more
generally. Participants were informed about the current problem that led to the state’s schools being
ranked 49th in the nation in terms of school funding and 47th nationally in terms of academic
performance. Participants were further informed that their teaching method should help student
members of special populations, such as academically disabled and gifted students. Moreover,
participants were told that funding for the school would provide enough teachers to have a ratio of
one instructor for every 20 students. These teachers would be paid above-average salaries for their
involvement in the experimental school program.

After reading this information, participants wrote about two prior experiences related to
the problem at hand and used them to think of a solution. After writing these cases, participants
followed a set of case-based heuristics and wrote four to six sentences for each step. After
completing the heuristics, they were asked to formulate a two-to-three-page plan “to achieve
academic excellence” in the new school. They were asked to include any elements such as process
improvement ideas, teaching strategies, and special activities or programs that they felt would help
the school succeed. This plan, coupled with the answers provided in each of the case-based
heuristics served as the basis for the dependent variable ratings.

Predictors

The extent to which cases included positive and negative outcomes, positive and negative
activating and deactivating emotions, and the degree of similarity across cases were assessed by
trained raters using 5-point benchmark rating scales with examples for high, medium, and low
levels of each construct. Prior to making any ratings, judges were provided with frame-of-reference
training to familiarize them with the context, the variables, the examples, and rating errors/biases

to avoid. The interrater reliability (*wg) ranged from .71 to .78 across these rated variables.
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Outcomes

Conceptual Combination Effectiveness. To assess conceptual combination effectiveness,
each step of the case-based heuristics — (1) identifying case characteristics, (2) listing strengths
and weaknesses, (3) combining strengths into an initial plan, and (4) forecasting outcomes — was
rated by three trained raters, on a 5-point benchmark rating scale with examples for high, medium,
and low levels of effectiveness. See sample benchmark rating scale for identifying key
characteristics in Appendix B. The interrater reliability (»*wg) ranged from .73 to .82 across these
rated steps.

Solution Quality, Originality and Elegance. The creative problem-solving task required
participants to prepare a final proposal for a new curriculum for the school. The final proposal was
coded for quality, originality, and elegance by three trained raters using a 5-point benchmark rating
scale used in previous studies (Osburn & Mumford, 2006; Friedrich & Mumford, 2009; Connelly
& Ruark, 2010). Quality was defined as the degree to which the proposed solution is realistic,
practical, and appropriate for the situation. Originality referred to the extent to which the
participant drafts a novel solution, and elegance was the extent to which the solution is articulated
in a concise manner. Low-and high-quality responses were selected from participant data for each
scale to create final benchmarks. See a sample benchmark rating scale for solution quality in
Appendix C. Interrater reliability (r*wg) was .77 for quality, .63 for originality, and .73 for
elegance.

Study 1 Results

Table 1 presents correlations and descriptive results for predictors and outcome variables
and Table 2 presents multiple regression analysis results. To address the research questions
pertaining to the relationship between each case characteristic with conceptual combination

effectiveness, solution quality, originality and elegance, we discuss the observed correlations and
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present the results of multiple regression analysis examining these relationships when controlling
for other case features and control variables.

The presence of positive outcomes had a positive and moderate relationship with
conceptual combination effectiveness (» = .31, p < .01) whereas activating and deactivating
positive emotions had slightly smaller positive correlations with this outcome (» = .27, p < .05; r
=.24, p <.05). However, multiple regression analysis showed that no characteristic was predictive
of conceptual combination effectiveness beyond GPA, F change (7, 73) = 1.32, p > .05, R’ change
=.10.

Although case characteristics did not have significant zero order correlations with solution
quality, multiple regression analysis showed that they predicted solution quality above and beyond
intelligence (b = .05, t = 3.30, p < .01) F change (7, 75) = 3.02, p < .01, R’ change = .19, R’ = .32,
with positive outcomes being the only significant predictor (b = .65, ¢ = 3.40, p < .01). Positive
outcomes also had a positive and moderate relationship with solution elegance (» = .31, p <.01)
and activating and deactivating positive emotions had a positive and weak relationship with this
outcome (r = .26, p < .05; r = .22, p < .05). Multiple regression revealed that case characteristics
predict solution elegance above and beyond intelligence, neuroticism, and English proficiency, F
change (7, 73) = 3.93, p < .01, R’ change = .20, R’ = .46, with positive outcomes as the only
significant predictor (b = .55, t=3.01, p <.01).

Study 1 Discussion

Positive outcomes and emotions in past experiences enhanced both the quality and
elegance of problem solutions, independent of individual intelligence differences. Although these
characteristics were not predictive of conceptual combination effectiveness beyond GPA, they
correlated significantly with this outcome, too. Prior research presented conflicting views on the

relationship between outcome valence in cases and creative performance (e.g., Mulhearn et al.,

19



2020; Sedikides & Green, 2004). Our findings are consistent with work suggesting that reflecting
on positive personal experiences leads to stronger problem solutions (e.g., Antes et al., 2012).
However, our results did not support prior findings suggesting that negative experiences hinder
creativity due to psychological threat or narrow thinking as argued by some, our results showed
that it did not make a difference. Perhaps negative experiences are unhelpful simply because they
provide information about what not to do rather than what to do.

Similarly, the literature also presents mixed arguments on the relationship between case
emotions and creative performance, with some advocating for the positive influence of all
emotions (e.g., To et al., 2012) and others arguing that only positive emotions are beneficial (e.g.,
Fiedler & Garcia, 1987). Our findings align with the latter, as negative emotions had little to no
impact on conceptual combination effectiveness and creative performance. Additionally, the level
of emotional arousal—whether emotions were activating or deactivating—did not significantly
affect these outcomes either. This supports previous findings that both highly and mildly activating
positive emotions are conducive to creativity, while negative emotions are unrelated (Conner &
Silvia, 2015). This is also consistent with Fredrickson’s (2004) broaden-and-build theory regarding
the influence of positive emotions on broadening mindset and thought-action repertoires thereby
facilitating creative thinking.

Taken altogether, the empirical evidence of the current effort points at the creative benefits
of drawing insights from past experiences that have positive outcomes and positive emotions. This
evidence contributes to theory on creative thought, particularly the stage of case selection, where
little information has been available regarding which personal experiences are most useful to

combine and generate novel problem solutions. The findings also offer practical applications, such
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as the recommendation to defer to successful past experiences when external sources are
unavailable, and one must solve a problem creatively.

These findings informed the development of materials for study 2, which examines the
effects of case source and case-based heuristics on conceptual combination effectiveness and
creative performance. Participants in study 2 who were asked to work with their own personal
experiences, were instructed to think about experiences that contained positive outcomes and
positive emotions. The goal of this strategy was to compare the influence of using optimal personal
cases versus external expert cases.

Study 2 Method
Sample

This study comprised a sample of 263 undergraduate students, 82 male, 178 female and 3
non-binary between the ages of 18 and 41 (M = 19). Most of the sample identified as
European/Caucasian (58.2%). Other reported ethnicities that included Hispanic/Latino (12.5%),
African American/Black (9.9%), Asian (7.2%), Middle Eastern (4.9%), American Indian/Native
American or Alaska Native (3.4%), Asian American (1.9%), and Hawaiian Native or Other Pacific
Islander (1.9%). Similarly to study 1, they were recruited via SONA and given course credit to
fulfill an educational requirement. Participants completed the study in person, using printed
materials and an online Qualtrics survey.

Design and General Procedures

A 3 x 2 between-subjects design was used, manipulating case source (personal, external
expert, mixed) and heuristics (no guidance vs. guidance). Participants were randomly assigned to
one of the six experimental conditions. Each session began with participants reading and signing
the informed consent form and completing two timed covariate measures assessing intelligence

and divergent thinking. This was followed by presenting participants with general task materials
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adapted from prior problem-solving studies, in which they assumed the role of a principal of a new
experimental high school (Hunter et al., 2008; Scott et al., 2005). The materials included goals for
the task, as well as things to consider while working through the task. Participants were either
asked to write about two personal cases, read two expert external cases, or do one of each. After
writing or reading the information, they were asked to engage in conceptual combination, and
either received heuristic guidance or not. The final step was to formulate a plan for how they would
structure the functioning of their school. After completing this task, participants filled out several
individual difference covariate measures and received the debriefing.

Experimental Task and Manipulations

The experimental task in this study was the same one that was used in study and thus has
been extensively described. The main differences reside in the manipulations incorporated in this
study, such that participants were assigned to one of six conditions: (1) personal cases with no
heuristic guidance, (2) personal cases with guidance, (3) external expert cases with no guidance,
(4) external expert cases with guidance, (5) one personal and one external expert case without
guidance, and (6) one personal and one external expert case with guidance.

Case Source. The case source manipulation involved assigning participants to work with
either two personal cases, two external expert cases, or a combination of one personal and one
expert case. The external cases were derived from a review of best practices in high school
curricula, drawing from sources such as Mitchell & Sutherland (2020), Mitchell (2008), Berger et
al. (2022), Mahoney et al. (2020), and CASEL’s Social and Emotional Learning Practice Playbook.
These sources provided evidence-based strategies for inclusive education, teacher well-being, and
social-emotional learning.

Heuristics Guidance. The heuristics manipulation provided participants with guidance on

a set of case-based heuristics in the conceptual combination process, writing 4-6 sentences for
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each, or simply asking participants to combine the cases and document the process (Scott et al.,
2005). Case-based heuristics provided in the guidance conditions included (1) identifying critical
case characteristics, (2) listing strengths and weaknesses of each case, (3) combining strengths
listed in step 2 and creating an initial model, and (4) predicting positive and negative outcomes of
the model if it were implemented.

Outcomes and Covariate Measures

The dependent variables and covariates in this study were identical to the ones employed
in study 1. For the rated steps involved in conceptual combination effectiveness, interrater
reliability (r*wg) ranged from .68 to .80. The internal consistency of the measure was a = 84. For
solution quality, originality and elegance, interrater reliability (»*wg) was .80, .74, .77,
respectively. Internal consistency for all covariate measures was above .70.

Study 2 Results

Table 3 presents correlations and descriptive results for predictors, outcome variables and
control variables. Table 4 presents descriptive results for outcomes for each condition separately.
Tables 5 and 6 presents path coefficients and indirect effects for the mediation models. ANCOVAs
(Analysis of Covariance) with post-hoc pairwise comparison with Bonferroni correction to assess
direct and interactive effects of case source and heuristics on conceptual combination effectiveness
and creative performance. To examine the effects of case source and heuristics guidance on
creative performance as mediated by conceptual combination effectiveness, Hayes Macro Model
4 was used (Hayes & Preacher, 2010). Significant mediational effects resulted if the 95 percent
confidence interval (Clos) of the indirect effect does not contain zero. Control variables that
showed a significant zero-order correlation with the outcome of interest were included in the

analysis.
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Addressing hypothesis 1 and 2, case source did not have a direct effect on conceptual
combination effectiveness nor creative performance. However, our mediation analysis provided
support for hypothesis 3.. The relationship between case source and solution quality was mediated
by conceptual combination effectiveness (Cl.os = .006, .182). The regression coefficient between
case source (personal vs. external) and conceptual combination effectiveness was statistically
significant (b = .30, p < .05) as was the regression coefficient between conceptual combination
effectiveness and solution quality (b = .42, p < .001). The relationship between case source and
solution originality was also mediated by conceptual combination effectiveness (Cl.os = -.063, -
.002). The regression coefficient between case source (personal vs. external) and conceptual
combination effectiveness was statistically significant (b = .31, p < .05) and the regression
coefficient between conceptual combination effectiveness and solution originality was significant
but negative (b =-.14, p <.05). Lastly, the relationship between case source and solution elegance
was mediated by conceptual combination effectiveness (Cl.os = .006, .151) too. The regression
coefficient between case source (personal vs. external) and conceptual combination effectiveness
was statistically significant (b = .31, p <.05) as was the regression coefficient between conceptual
combination effectiveness and solution elegance (b = .39, p < .001). In these mediation models,
differences in conceptual combination effectiveness were observed between individuals working
with personal cases and those working with external cases, while no significant differences
emerged between those using both a personal and an external case and other source types.

Addressing hypothesis 4, providing case-based heuristics had a positive main effect on
conceptual combination effectiveness, F (1,257) = 8.39, p < .01, ny? = .03, such that those who
received guidance got a higher score (M = 10.58, SE = .31) than those who did not (M =9.29, SE

= .32). Addressing hypothesis 5, providing case-based heuristics did not predict creative
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performance. However, in response to hypothesis 6, several mediation analyses were significant.
The relationship between heuristics and solution quality was mediated by conceptual combination
effectiveness (Cl.os =.039, .196). The regression coefficient between heuristics (no guidance vs.
guidance) and conceptual combination effectiveness was statistically significant (b = .37, p <.01)
as was the regression coefficient between conceptual combination effectiveness and solution
quality (b = .44, p < .001). The relationship between heuristics and solution originality was also
mediated by conceptual combination effectiveness (Cl.os=-.062, -.004). The regression coefficient
between heuristics (no guidance vs. guidance) and conceptual combination effectiveness was
statistically significant (b = .36, p < .01) and the regression coefficient between conceptual
combination effectiveness and solution originality was also significant but negative (b =-.13, p <
.001). The relationship between heuristics and solution elegance was mediated by conceptual
combination effectiveness (Cl.os = .025, .154) too. The regression coefficient between heuristics
(no guidance vs. guidance) and conceptual combination effectiveness was statistically significant
(b= .35, p <.01) as was the regression coefficient between conceptual combination effectiveness
and solution elegance (b = .40, p <.001).

Finally, regarding Hypothesis 7, the interaction between case source and heuristics
guidance on conceptual combination effectiveness and creative performance was non-significant,
offering no support for the idea that heuristics are particularly beneficial for the quality originality
or elegance of a plan when working with personal cases. However, an ANCOVA for conceptual
combination followed by post hoc comparisons examining differences across experimental
conditions revealed a significant overall effect on conceptual combination effectiveness, F(5, 257)
= 2.80, p < .05, np* = .05. Specifically, participants who worked with external expert cases and

received heuristic guidance (M = 10.85, SE = 0.52) outperformed those who worked with personal
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cases and received no guidance (M = 8.59, SE = 0.53), suggesting that the combination of expert
case material and heuristic structure may support more effective conceptual integration.

Study 2 Discussion

This study aimed to examine the impact of case source — whether personal, external or a
mix — and to replicate the effects of case-based heuristics, as identified by Scott and colleagues
(2005) on conceptual combination effectiveness and creative performance. As expected,
participants who received case-based heuristic guidance were better at integrating elements from
past cases than those who did not receive guidance. However, contrary to our predictions, this
guidance did not directly enhance creative performance, which was measured in terms of solution
quality, originality, and elegance. Our mediation analyses suggest that the positive impact of case-
based heuristics on solution quality and elegance was driven by improvements in conceptual
combination effectiveness. A similar pattern emerged for case source: working with external cases
led to higher-quality, more elegant solutions than working with personal cases by improving
conceptual combination effectiveness. Interestingly, we found the opposite effect for originality —
while both case source and heuristics enhanced conceptual combination effectiveness, this, in turn,
had a negative effect on originality. In the following sections, we explore these findings further,
discuss potential limitations, and suggest directions for future research.

A key question in this study was whether the source of prior cases matters for conceptual
combination and creative problem solving. One possibility, as previously suggested, is that
working with personal experiences is easier because they contain a wealth of nuanced knowledge
and skills that are difficult to capture in external cases. Additionally, individuals may find it harder
to fully grasp external cases compared to their own experiences, with which they are naturally
more familiar. However, another possibility is that people tend to over-rely on personal experiences

simply because they are readily available, even when these experiences may not be the best fit for
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the problem at hand. For our sample, which consisted of individuals with low to moderate expertise
in the task domain, the lack of high-quality domain experience may have played a crucial role. In
this case, external cases provided them with access to knowledge they might not have otherwise
had, ultimately contributing to better creative performance. Based on this reasoning, we
hypothesized that working with external cases would enhance both conceptual combination
effectiveness and creative performance, a prediction that our findings largely supported.

Our findings indicate that individuals with low to moderate expertise find it easier to
combine elements from external cases than from their own experiences. This approach leads to
solutions that are both higher in quality and more elegant. It appears that personal experiences,
even in combination with external cases may not be as beneficial as strictly working with external
examples in creative problem solving for non-experts. This observation aligns with existing
research on expertise and creativity (e.g., Weisberg, 2015). Cases provide information about goals,
actions, procedures, outcomes, and constraints, encompassing both technical and social aspects,
making them complex knowledge structures. The more personal experience we have in a particular
field, the better organized and structured our knowledge becomes. Experts, having a vast library
of cases, develop well-articulated and accurate prototypes, representative cases that incorporate
patterns from all their experiences, which they can use to generate higher-quality solutions (Baer,
2015). Non-experts, however, may lack the experiences needed to create these prototypes, leaving
them with access to only a few cases that might be exceptions or of lower quality. In such
situations, providing non-experts with well-articulated and accurate external cases enhances their
ability to combine concepts effectively, leading to higher-quality and more elegant ideas.

Another key question in this study was whether providing guidance during conceptual

combination would enhance effectiveness and in turn creativity for individuals with low to
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moderate expertise. Consistent with prior research, our findings confirm that individuals integrate
elements from prior cases more effectively when they follow the heuristics developed by Scott et
al. (2005) rather than working without guidance. This improved effectiveness led to the generation
of higher-quality and more elegant ideas. A key strength of this study is its ability to reveal how
case source and heuristic guidance interact to influence conceptual combination. Our results show
that non-experts perform significantly better when working with expert-provided cases and
receiving guidance on how to integrate them. Notably, these factors do not directly impact creative
performance but do so indirectly through their effect on conceptual combination effectiveness.
This finding highlights the role of both source (where the knowledge comes from) and guidance
(how it is applied) in shaping the creative thinking process (how well ideas are combined) which
ultimately affects the final creative outcome (what is produced).

Interestingly, our findings indicate that the effectiveness of combining prior cases
negatively impacted solution originality. This result contrasts with prior work supporting the
creative process model, although empirical research specifically examining the role of cases
remains limited, most notably addressed by Scott et al. (2005) and Hunter et al. (2008). One
possible explanation for this unexpected result is that solutions based on structured combinations
of prior cases may appear more familiar and thus less novel. In contrast, participants who struggled
to integrate prior cases may have generated more unstructured, original ideas, resulting in
proposals that appeared more creative in the context of redesigning a high school curriculum.

However, this finding should be interpreted cautiously. To draw strong conclusions about
whether this is a true effect rather than an artifact, replication is necessary. In fact, our first study
found a significant positive correlation between conceptual combination effectiveness and plan

originality, directly opposing the results of Study 2. Yet the inter-rater reliability (IRR) for plan
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originality in Study 1 was below the acceptable threshold of .70, limiting the confidence we can
place in those results. Future research should explore whether this negative relationship between
case combination and originality is specific to certain types of cases, particularly expert-generated,
external ones. It is possible that novices lack the domain expertise required to integrate and extend
expert examples, instead relying heavily on the source material, which could limit originality. This
may not be the case for personal cases, with which participants are more familiar and potentially
more flexible. Ultimately, these findings contribute to the ongoing debate in creativity research
regarding the trade-off between idea quality and originality. While the ideal creative solution is
both novel and useful (Amabile, 1996), studies suggest that ideas often tend to be one or the other
(Ostermaier & Uhl, 2020), with organizations frequently prioritizing feasibility over originality
(Berg, 2014). Our study raises the possibility that case-based combination may enhance quality at
the expense of originality, an important consideration for creativity training and innovation
practices.
General Discussion

Limitations

Before turning to implications, future directions and conclusions, it is important to
acknowledge certain limitations of this study. First, the inter-rater reliability (IRR) coefficient for
solution originality in Study 1 was lower than ideal (.63). While this aligns with previous findings
that originality is difficult to evaluate and that individuals often struggle to accurately assess idea
novelty (Blair & Mumford, 2007; Licuanan et al., 2007), it may have contributed to the lack of
significant findings for plan originality in that study. Moreover, the low IRR complicated
interpretation in Study 2, particularly regarding whether the observed negative relationship
between conceptual combination effectiveness and plan originality was a true effect or an artifact.

Although a significant positive correlation between these variables was found in Study 1, the low
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reliability prevents confident interpretation. During the frame-of-reference training, it became
evident that raters’ originality judgments were influenced by their own high school experiences
(e.g., cutting-edge vs. traditional projects). However, raters appeared to calibrate over time,
achieving high IRR for this variable in Study 2. Second,, conceptual combination was examined
using a real-world task with an undergraduate sample. As a result, caution should be exercised
when generalizing these findings to other populations (e.g., non-college-attending individuals) or
to more complex forms of creative performance. Additionally, the study focused on conceptual
combination within a specific domain, designing educational curricula, a complex socio-technical
system. This type of problem-solving task was chosen because prior research (Mumford et al.,
2003; Scott et al., 2005) suggests that case-based approaches are well-suited for solving such
problems. Given the study’s objectives, this was a necessary choice. However, it is important to
recognize that these findings may not directly apply to other types of conceptual combination tasks
across different domains (e.g., product development). Further research is needed to determine
whether similar patterns hold in other contexts. Despite these limitations, our studies provide
noteworthy contributions to theory and practice.

Theoretical and Practical Implications

These studies enhance our understanding of creativity by demonstrating that the source of
prior cases, whether personal or external, plays a crucial role in conceptual combination
effectiveness and creative performance among non-experts. While existing research acknowledges
the importance of prior cases in creative problem-solving for individuals with low-to-moderate
expertise (Hunter et al., 2008; Scott et al., 2005), our findings refine this perspective by showing
that these individuals benefit more from using external expert cases than personal experiences.
This supports theories of expertise, which suggest that experts develop structured mental

representations of their experiences, while non-experts often struggle with unorganized or biased
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recall (Baer, 2015; Weisberg, 2015). Additionally, our findings raise questions about a potential
trade-off between quality and originality when non-experts work with external expert cases. While
conceptual combination effectiveness improved solution quality and elegance, it negatively
impacted originality in study 2. This suggests that when individuals rely heavily on structured case
integration, they may inadvertently limit their ability to generate novel solutions.

Furthermore, this study provides further support for the role of heuristic guidance in
creative thinking. While heuristics guidance did not directly improve creative performance, it did
so indirectly via enhancing conceptual combination effectiveness. This suggests that structured
problem-solving techniques may enhance the processes involved in creative thinking, such as
organizing and refining ideas, without necessarily promoting breakthrough innovation as an end
product. Rather, their value may lie in indirectly supporting superior creative outcomes by
optimizing the pathways that lead to them. In light of the mixed evidence surrounding heuristic
training in creativity (Mulhearn et al., 2020), these findings point to the need for a more nuanced
understanding of how structured guidance and the origin of knowledge, whether personal or
external, work together to shape creative outcomes.

These findings also have important practical implications for organizations seeking to
enhance creativity among employees with low-to-moderate expertise. Given that external cases
proved more effective than personal experiences for non-experts, organizations should consider
developing expert case libraries, best practice repositories, and expert-driven knowledge-sharing
platforms. These resources could help non-expert employees generate higher-quality solutions,
particularly in fields requiring complex problem-solving, such as healthcare, education, and
technology. However, it is equally important to pair these resources with heuristic guidance to help

employees effectively combine elements from different cases. This guidance should emphasize the
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need to thoughtfully adapt, rather than directly replicate case content to suit the current problem,
thereby promoting solution quality while preserving originality.

Additionally, when external cases are unavailable, individuals with no deep expertise in
the problem domain should apply their most relevant and successful problem-solving moments
that elicit positive emotions. Training programs could incorporate structured reflection exercises
to help employees extract key insights from successful past experiences and apply them
strategically to new challenges. Overall, this study advances the creativity literature by
demonstrating how case source, case features and heuristic guidance influence conceptual
combination effectiveness, offering practical recommendations for organizations seeking to
optimize knowledge use and creativity training.

Future Directions

Future research should extend the current findings by examining the effects of case source
and heuristic guidance on conceptual combination effectiveness and creative performance of
experts. Given that experts have more structured and well-integrated personal experiences, the
distinction between their own cases and external expert cases may diminish. As a result, the impact
of case source on conceptual combination effectiveness could be reduced. However, since personal
experiences are often shaped by cognitive biases (e.g., “if all you have is a hammer, everything
looks like a nail”), it remains an open question whether experts, like non-experts, might still benefit
from external cases to counteract these biases. Investigating this within an expert sample would
provide valuable insights into how experience level influences case-based creativity.

Another important direction is to explore whether case-based conceptual combination
inherently constrains originality and what additional cognitive mechanisms might help balance
structure with novelty in creative problem-solving. It would also be interesting to see if that is

particularly the case for non-experts working with external expert cases, as they may be mimicking
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these past solutions too closely without attending to the nuances of the new problem. Additionally,
further research should examine whether the same features that enhance the usefulness of personal
cases—such as successful outcomes and positive emotions—also apply to external expert cases,
or whether different factors are at play. Given the mixed findings in the literature, clarifying what
makes external cases most effective could help optimize case-based approaches for fostering
creativity.

Conclusions

This study aimed to provide evidence supporting the use of external expert cases and
heuristic guidance in case-based conceptual combination among non-experts. Our findings
demonstrate that individuals with low to moderate domain expertise benefit significantly from
working with expert-provided cases, particularly when guided on how to effectively combine
elements to develop high-quality and elegant solutions to complex socio-technical problems.
Additionally, when external cases are unavailable, our results suggest that non-experts should draw
from personal experiences that involve successful outcomes and positive emotions, as these
contribute to better creative performance. This study also challenges the widely assumed positive
relationship between case-based conceptual combination effectiveness and solution originality.
Our findings suggest a potential trade-off, raising important questions about how a well-
established process in creative thinking might, under certain conditions, hinder originality. Future
research should explore these contradictions to better understand the nuances of conceptual

combination in the creative process.
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Table 1

Tables and Figures

Intercorrelations and Descriptive Statistics for Study 1 Variables

M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. Negative Outcomes 273 124 (74)
2. Positive Outcomes ~ 2:95 123 -54** (.73)
3. Pos. Act. Emotions ~ 2:62  1.20 -.52%* .92%% (.75)
4. Pos. Deac. Emotions 2:05 .94 -49%* 8l** 78** (78)
5. Neg. Act. Emotions  2-19  1.05  .81%% -44%% - 40%* -35%*% (.74)
6. Neg. Deac. 214 1.02  .86** -50%* _44%k 45k JTEE(77)

Emotions
7. Similarity 264 107 -01 0.06 .05 A8 04 .02 (71)
8. Conceptual

Combination 12.18 343 -03 31** 27* 24 03 -05 .09 (.76)

Effectiveness
9. Plan Quality 296 .88 18 21 13 .08 14 21 06 .54%*  ([77)
10. Plan Originality 279  1.00 .04 .10 .07 06 -02 .00 -.07 38*¥* 78** (.63)
11. Plan Elegance 290 .93 A5 31*%* 26%  22*% 14 17 09 53%*  Bo**  64**  (73)
Covariates
12. GPA 338 .54 .01 21 24% 21 .03 .02 09 29%*  30** 14 .32%
13. Intelligence 23779 599 -.01 A2 14 d6  -05 .01 17 09 35%*  26% 37%* 07
14. Neuroticism 48.60 742 08 -09 -06 -08 .14 .07 07  -05 -20 -22% -28%* -11 -.07

199 42 .03 -06 -06 -12 -06 -08 -20 -06 -21 -16 -24% -03 -06 -04

15. English Proficiency

Note. N = 84. **p < .01, *p <.05. Interrater reliability is in parentheses on the diagonal where applicable. Only covariates with a significant zero-
order correlation with the outcome variables are included in the table.
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Table 2
Regression Analyses for Study 1

Conceptual Combination

Effectiveness Plan Quality Plan Originality Plan Elegance
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
SE  Beta SE  Beta SE Beta SE Beta SE Beta SE Beta SE Beta SE Beta
Covariates
K3k
GPA .69 .29 71 21
Intelligence .02 35%% .01 33%% .02 27% .02 27% .02 34%% 01 30%*
English Proficiency 21 -23* 19 -19%
Neuroticism 01 -27** .01  -27*
Predictors
. .83 49 sk o
Positive Outcomes .19 .92 25 .20 18 73
Negative Outcomes 69 .10 16 .04 21 25 15 .16
Positive Act. Emotions 79 -1 138 -.39 24 -07 A7 -15
Positive Deac. Emotions 70 -03 .16 -.23 21 -03 16 -16
Negative Act. Emotions 63 16 14 .06 19 -1 14 14
Negative Deac. Emotions 74 -08 A7 32 22 -.08 16 .16
Similarity 35 .05 08 .00 11 12 08 .01
Model Summary
R2 08** 19%* 12%* R 07* .10 26%* A6%*
chhange 10 . 19** 04 20**

Note: N=263. **p < .01, *p <.05. Only covariates with a significant zero-order correlation with the outcome variables were included in the models.
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Table 3

Intercorrelations and Descriptive Statistics for Study 2 Variables

M SD 1 2 3 4 5

1. Conceptual Combination 995 367 (.75)

Effectiveness
2. Plan Quality 2.50 .69 A3*E (.80)
3. Plan Originality 2.31 61 -.13% 20%* (.74)
4. Plan Elegance 248 .62 30%* 82%* 33** (.77)
Control Variables
5. Need for Cognition 56.39 10.70 .04 18** .01 14*
6. Conscientiousness 57.27 8.71 07 14 01 14 20%

Note: N =263. **p < .01, *p <.05. Interrater reliability is in parentheses on the diagonal where applicable. Only covariates with a

significant zero-order correlation with the outcome variables are included in the table.
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Table 4

Descriptive Statistics by Condition for Study 2 Outcomes

Conceptual

Combination Plan Quality  Plan Originality Plan Elegance
Case Source Heuristics  Effectiveness

M SD M SD M SD M SD

.NO &.59 3.28 2.53 .90 2.36 .58 2.55 .86
Guidance
Personal
Guidance 10.24  3.00 2.43 .57 2.13 47 2.43 .56
.NO 10.21 3.54 2.56 .70 2.34 .67 2.46 .58
Guidance
External
Guidance 10.85 4.16 2.54 .62 2.37 .70 2.52 .54
.NO 9.07 3.74 2.51 .68 2.27 .50 2.42 45
M Guidance
ix

Guidance 10.66 81 244 68 238 70 244 66

Note: N =263. Not adjusted for covariates
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Table §
Path Coefficients and Indirect Effects Mediation Models with Case Source as the Predictor

95% CI
b SE B Lower Upper
Model 1 Total Effects
CS1 - PLANQ .07 .10 .05 -.154 248
CS2 - PLANQ .01 .10 .01 -.197 215
NFG - PLANQ 18%* .00 .01 .004 .019
Model 2 Total Effects
CS1 - PLANO 18 .09 11 -.066 292
CS2 - PLANO .14 .09 .09 -.096 272
Model 3 Total Effects
CS1 = PLANE .01 .09 .00 -177 .184
CS2 -2 PLANE -.10 .09 -.06 -.248 124
Conscient 2 PLANE 14* .00 .01 .002 .019
Model 1 Indirect Effects
CS1 - CCE - PLANQ 3% .05 .09 .006 182
CS2 - CCE - PLANQ .06 .04 .04 -.045 .129
Model 2 Indirect Effects
CS1 - CCE » PLANO -.04%* .02 -.03 -.063 -.002
CS2 - CCE » PLANO -.02 .01 -.01 -.044 .016
Model 3 Indirect Effects
CS1 = CCE - PLANE 2% .04 .08 .007 .150
CS2 = CCE - PLANE -.07 .04 -.04 -.122 .033
Model 1 Path Coefficients
CS1 = CCE 30* .54 1.12 .046 2.192
CS2 = CCE 13 .56 .49 -.607 1.592
CCE - PLANQ A2%* .01 .08 .059 .101
Model 2 Path Coefficients
CS1 - CCE 31* .54 1.14 .075 2.210
CS2 > CCE 13 .56 48 -.617 1.577
CCE - PLANO -.14%* .01 -.02 -.045 -.004
Model 3 Path Coefficients
CS1 = CCE 31* .54 1.14 .076 2.209
CS2 = CCE -.18 .56 -.66 -1.758 445
CCE - PLANE 39k* .01 .06 .046 .084
Model 1 Direct Effects
CS1 - PLANQ -.06 .09 -.04 -226 141
CS2 - PLANQ -.04 .10 -.03 =217 157
Model 2 Direct Effects
CS1 > PLANO 23 .09 .14 -.038 .320
CS2 - PLANO .16 .09 .10 -.082 283
Model 3 Direct Effects
CS1 - PLANE -.11 .08 -.07 -.239 .097
CS2 -2 PLANE .03 .09 -.02 -.192 153

Note: N=263. **p < .01, *p <.05. CS1 — case source: 0 = internal, 1 = external, CS2 — case
source: 0 = internal, 1 = mixed, NFC — need for cognition, Conscient — conscientiousness,
PLANQ — plan quality, PLANO — plan originality, PLANE — plan elegance
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Table 6
Path Coefficients and Indirect Effects Mediation Models with Heuristics as the Predictor

95% CI
b SE B Lower Upper
Model 4 Total Effects
HEURISTICS - PLANQ -.07 .08 -.05 -213 120
NFG - PLANQ 18%* .00 .01 .004 .019
Model 5 Total Effects
HEURISTICS - PLANO -.05 .08 -.03 -.181 117
Model 6 Total Effects
HEURISTICS - PLANE -.04 .08 -.03 -.178 123
Conscient > PLANE 5% .00 .01 .002 .019
Model 4 Indirect Effects
HEURISTICS - CCE - PLANQ .16* .04 11 .039 .196
Model 5 Indirect Effects
HEURISTICS - CCE - PLANO -.05% .02 -.03 -.062 -.004
Model 6 Indirect Effects
HEURISTICS - CCE - PLANE 14* .03 .09 .025 154
Model 4 Path Coefficients
HEURISTICS - CCE 37%* 45 1.35 464 2.227
CCE - PLANQ A% .01 .08 .059 .101
Model 5 Path Coefficients
HEURISTICS - CCE 36* 45 1.32 442 2.202
CCE -» PLANO - 13%* .01 -.02 -.043 -.002
Model 6 Path Coefficients
HEURISTICS - CCE 35k 45 1.29 402 2.169
CCE - PLANE A4Q** .01 .07 .048 .086
Model 4 Direct Effects
HEURISTICS = PLANQ -23% .08 -.16 =311 -.006
Model 5 Direct Effects
HEURISTICS = PLANO .00 .08 .00 -.154 148
Model 6 Direct Effects
HEURISTICS - PLANE -.18 .07 - 11 -.255 .027

Note: N=263. **p < .01, *p <.05. HEURISTICS — case-based heuristic guidance: 0 = no
guidance, 1 = guidance, NFC — need for cognition, Conscient — conscientiousness, PLANQ —
plan quality, PLANO — plan originality, PLANE — plan elegance
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Figure 1
The Creative Process Model by Mumford and colleagues (1991)
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Figure 2

Example Personal Case

“A thing that I feel my high school exceled at was providing multiple paths to success and
garnering high levels of student achievement. My high school provided on level and honors
courses in history, math, and micro/macroeconomics, it also provided students the ability to
take dual credit college level classes in English and History. The ability to take dual credit
classes helped me to feel more prepared for college and I was able to understand them more
easily than the honors classes. I grew up in a very competitive place and my high school
provided students with many different opportunities to get involved and strive for

achievement and success.”
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Figure 3

Example External Expert Case

External Case 1 — Cooperative Group Teaching

Goals
A primary objective of
cooperative group teaching is
to leverage the collective
efforts of learners to attain
outcomes surpassing what
each individual could
achieve alone. This teaching
approach not only fosters
collaborative learning but
also cultivates virtues of
mutual aid and compassion.
Moreover, it has the potential
to enhance community
cohesion and foster a culture
of respect for diversity.

Content
Cooperative group teaching entails learners collaborating within
small groups, supporting each other in both individual and collective
tasks. In our implementation, we organized learners into groups
comprising six to eight individuals, intentionally blending students
with diverse abilities. The underlying principle was to harness the
unique contributions of all learners, including those with special
educational needs. To facilitate this, we structured "jigsaw"
activities, wherein each group specialized in a specific facet of a
topic and subsequently shared their expertise with the entire class
upon mastering the material. For instance, in an activity centered on
rainforest animals, one group focused on habitats while another on
predators. In order to cultivate effective group dynamics, we
prioritized imparting essential skills to the learners. These
encompassed abilities such as active listening, maintaining eye
contact, articulating ideas clearly, posing questions, making
informed decisions, managing conflicts, offering encouragement,
and embracing individual differences. Role-playing served as a
valuable instructional method, wherein teachers engaged learners in
various scenarios to demonstrate appropriate behavioral norms.
Furthermore, diligent supervision of the groups was maintained,
particularly those with learners exhibiting behavioral challenges.
Regular feedback and positive reinforcement were provided to
encourage desired behaviors and ensure the smooth functioning of
the collaborative learning environment.

Outcomes
Participation in cooperative
learning groups led to
notable enhancements in
mathematical, reading, and
writing achievement scores
among learners. Learners
with special educational
needs experienced significant
gains from this collaborative
learning approach. It is worth
noting that high-achieving
learners demonstrated greater
achievements when placed in
ability groups—comprising
students with moderate to
high abilities—compared to
mixed-ability groups, which
included both high and low
achievers.
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Figure 4

Conceptual Model of Mediational Analysis Conducted

Case Source

Plan Quality

Conceptual
combination
effectiveness

Heuristics

Plan
Originality

Plan
Elegance

Note: Covariates are not pictured but are included in analyses
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Appendix A
Creative Problem-Solving Task

“Oklahoma Excel” High School

You have been appointed as the principal of the state’s experimental school in Tulsa, Oklahoma
called “Oklahoma Excel.” The school is part of a national study to increase achievement in schools
in the United States. Funding for the Oklahoma Excel School will be allotted in accordance with
a federal grant distributed by the National Education Agency to each State Department of
Education. Each state is awarded funding for one experimental school, and Tulsa’s Oklahoma
Excel School is Oklahoma’s representation in the national study. The goal of each experimental
state school is to develop and implement a new type of educational program that increases students’
academic performance. At the end of the 2020-2021 school year, Oklahoma Excel will be
evaluated in reference to the students of the other states’ experimental schools as well as in relation
to the students of traditional Oklahoma public schools.

Program Evaluation

This evaluation of the students in the experimental schools will be based on improvement of the
students in the schools. Each student will take a pre-test over material selected by the National
Education Agency at the beginning of the school year. This will assess the increases in academic
performance for each experimental school. These tests will be administered in all the experimental
schools, and the improvement scores will be compared across students of all the states. The
material on the test will be benchmarked by the National Standards of Education General
Guidelines (for example, all students should read grade level). The evaluation of Oklahoma Excel
students compared to other students in Oklahoma will be based on scores of the Oklahoma
Standardized Test. All students in Oklahoma are required to take this test, and the material covered
on it is general. It assesses writing skills, reading comprehension, mathematical skills, and
analytical skills. There are also subtests on sciences, social studies, geography and a foreign
language component that assesses fluency. This test is essentially how Oklahoma Excel students
are compared to students in traditional schools in Oklahoma. After these comparisons to other
states’ experimental schools and other traditional Oklahoma public schools, the National
Education Agency will rank the most successful states in terms of experimental school
accomplishment. The states with the most successful experimental schools will receive additional
federal funding for the next school year to spread the new curriculum around the state for
comprehensive state scholastic improvement.

Current Situation

Therefore, the Oklahoma State Board of Education is hopeful for dramatic improvements of
students in your Oklahoma Excel School. You are feeling additional motivation for success
because, last year, students in Oklahoma Public Schools ranked 47th nationally in academic
performance on Standardized Tests. The state is also currently ranked 49th in funding for
education. With these poor rankings in mind, you are determined to give students at Oklahoma
Excel the best chance at success. Doing so would lead to exciting effects in Oklahoma and increase
our state’s national standing. Oklahoma Excel will be a High School with students of grades 9-12.
You have a projected enrollment of 400 students from varied ethnic backgrounds (73% Caucasian,
13% Native American, 10% African American, 3% Hispanic, and 1% Other). Also, a principal
concern of yours will be to make sure that your teaching method helps members of special
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populations, including gifted students and academically disabled students. Since the State
Department of Education is so interested in Oklahoma Excel, it is willing to provide maximum
support. This includes providing enough teachers for a 20:1 ratio of students to instructors. Also,
they are willing to pay the teachers above average salaries. Because of these optimal teaching
conditions, you will be able to recruit high-caliber instructors who are motivated to make your
school a success. One problem the school currently faces is a lack of specialized education
programs for students in special populations (i.e. gifted students and academically disabled
students). In fact, several unsatisfied parents have opted for their children to attend other schools
in the district due to a lack of education that tailors to their child’s needs. In addition to unsatisfied
parents, there has been a high level of turnover for teachers. Reasons for quitting have been
reported to be due to the lack of opportunities for teachers to develop professionally and
intellectually, burnout, low levels of autonomy in deciding the teaching curriculum, and overall
general reports of low job satisfaction. In short, the school suffers from both unsatisfied teachers
and unsatisfied parents. Therefore, in addition to improved test scores, teacher and parent
satisfaction with the program will also be assessed to evaluate the success of your program.

Your Task

Your first task as Principal of Oklahoma Excel is to generate a plan on how to “achieve academic
excellence.” This plan should include several elements including teaching strategies, process
improvement ideas, special activities, or programs, etc. To date, you have material that a team of
teachers has gathered for you. This consists of a list of issues that teachers have found to be
important to schools in different settings. You should review this material. Next, write a description
of 2 prior experiences that are relevant in some way to the current situation and that you could use
in producing a potential solution. Think of these as mini cases to draw from. Your job is to design
a school instructional program that will encourage maximum proficiency in general education
requirements from students at Oklahoma Excel.

List of Important Issues
Directions: Please read the following list of important issues and then use them when planning
your program.

* Student Academic Learning * Reasonable Disciplinary Actions
* Student Behavioral Conduct * Graduation Rate
* Positive Classroom Environment * Parent Satisfaction
* Resources to Accommodate Student * Student Achievement
Needs * Student Motivation
* Differences in Students’ Motivation and * Teacher Quality
Capability * Multiple Paths to Success
* Differences in Teacher Motivation and * Diversity in All its Forms
Capability * Student Autonomy in Learning
* Goals of the School » Percentage of Students Who Go to
* Monitoring School Progress College
* Professional Development of Teachers » Advanced Degrees for Teachers
* Parent-Community Involvement * Class Size
* Teaching Programs Tailored to Student
Needs
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Previous Experiences (Cases)

Think of 2 past High School experiences that relate to the current issues and task at hand. Describe
these cases in terms of the goals in that situation, the actions taken by you or others in this situation,
the opportunities and/or challenges encountered and the outcomes of the situation. Be as specific
and descriptive as you can, including how you and people involved felt about the situation.

Case-Based Reasoning Steps

Please, follow the following steps and write at least a few sentences for each.

1. Identify the most important aspects of both experiences that you described.

2. List the strengths and weaknesses of both experiences that you described.

3. Combine the strengths of both experiences to create a brief initial plan on how to achieve
academic excellence.

4. Predict both the positive and negative outcomes of this brief initial plan if it was implemented.

Final Plan

Refer back to the notes that you just made and the information you have received to complete this
next portion of the task. Your task as Principal of Oklahoma Excel is to generate a plan on how to
“achieve academic excellence” in your “Excel” High School. This plan should include several
elements including teaching strategies, process improvement ideas, special activities, or programs,
etc. Fully elaborate your brief initial plan and write your final plan for your teaching method model.
Be specific.
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Appendix B
Benchmark Rating Scale for Case-Based Heuristics Step 1

Identify Key Characteristics: The extent to which the participant effectively identifies key
characteristics of cases.
Markers:

e Key Goals — Does the participant state things characters were aiming for in the cases?

e Key Causes — Does the participant state things that made a difference in achieving
results?

e Key Outcomes — Does the participant state things that were achieved?

1 3 5
Not at All 2 Somewhat 4 Very Effective
Effective Effective

1 — The participant does not effectively identify key characteristics of cases. The participant
does not mention nor emphasize the key goals, causes, and outcomes of the cases.
The participant provides no key aspects of the cases.

3 — The participant somewhat effectively identifies key characteristics of cases. The participant
mentions or emphasizes some of the key goals, causes, or outcomes of the cases, but may be
missing one or more of these key characteristics.

“From both rewards and smaller class sizes, students were able to have more motivation to
complete work. They also increased the knowledge intake from what was being taught.”

5 — The participant effectively identifies key characteristics of cases. The participant mentions
and emphasizes all key goals, causes, and outcomes of the cases.

“In both of my experiences, I think the most important aspects are opportunity, the want to
achieve, and the teachers. If the student does not want to work or take a hard class, they don't
want to take, they won't learn, but the students that do, they will have the resources to do so.
With that being said, one teacher can change a student’s outlook and drive them to success.”
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Appendix C
Benchmark Rating Scale for Plan Quality

Solution Quality: The extent to which the plan is logical, complete, and useful.

Markers:
e Logical — Is the plan coherent and reasonable (does it make sense)? Is it well thought
out?
o Completeness — Is the plan comprehensive and does it address all the critical elements
of the task?

e Usefulness — Is the plan a realistic and appropriate response for addressing the task?

1 3 5
Poor Quality Average Quality Excellent Quality

1 — The plan is of poor quality. The plan is illogical and incomplete. The key issues are not
addressed. The plan was not well thought out and will not address the task at hand.

“My initial teaching method plan was to incorporate student freedom, needs, and
communication with teachers. The original idea would be to provide training to both teachers
and students on how to advocate for needs or change. Furthermore, it would be important to
teach how to be respectful in doing this, and how to take criticism respectfully as well.”

3 — The plan is of average quality. The plan addresses the task but may contain irrelevant
elements. Most of the ideas are complete, the plan makes general sense overall and is likely to
address the situation.

“The teaching method model I have come up with for academic excellence is to create a supportive
and challenging environment. The teaching strategies used for students will be evidence based to
ensure better results and this will be done by paying teachers a higher salary for knowing these
techniques. The teachers will also meet students at their level to accommodate for the gifted students
and academically disabled students, in separate classes. Programs for these students will be
provided by trained teachers in these areas. The lessons and classroom policies will all address
diversity in all forms to ensure a safe, inclusive, and welcoming environment for everybody to learn.
There will be a team of leaders to delegate varies sections of the school to in order to maintain the
highest level of functioning. Students will have resources provided to them such as mental health
support from an on sight therapist. We will implemented student check-ins more frequently with
teachers, and have mandatory parent teach meetings every semester. This will ensure parents, child,
and teacher are on the same page about their learning efforts. We will have advisors on staff that
help students determine their path for high school. This way they meet requirements but also get to
have a voice in their education and learn/focus on their interests. By letting students pick certain
things they will have their autonomy still and be more engaged with the learning materials.”

5 — The plan is of excellent quality. The response addresses all the issues of the problem. The
response is very clear and coherent. The response is very likely to address and fix the problem.
“To achieve academic excellence, there needs to be an understanding of what the students job
is and what the teachers job is. The student is expected to try their best and to work as hard as
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they can to understand the concepts they are learning. If a student fails to turn in homework
they will receive a slip and get points deducted off their homework. At the end of the quarter, if
the student has turned in all homework on time, they will receive a coupon that allows them to
be excused from 1 homework assignment. This helps create discipline and good habits in
students as they have an incentive to do well. The teacher is also expected to teach in a manner
that is open to every student. The method of teaching will be "Classical Learning" as I believe
it is important to have an understanding of the arts, literature, and languages before us. Students
will be taught things like logic and how to debate, beginning Latin, but are also encouraged to
pursue sports and theater. The school will handle things like bullying, harassment, or assault
very seriously and the "attacker"” will have consequences based on the attempt. There will also
be special classes for people with special needs so that they can receive a good education as
well. There will be buddy programs that gives students a chance to have an initiative to help
others and grow in leadership. Before every year there will be a 9-12th trip to a camp and there
will be things like leadership building and activities that help students feel more united as a
student body. So, what all does classical learning entail, there will be a 20:1 student to teacher
ratio which helps the students feel seen and makes it more likely that they will ask questions
when they are struggling. All teachers that are chosen will have some type of background with
teaching students with special needs as they understand patience, kindness, and encouragement
towards students best. Students are encouraged to join clubs, sports, theater so that they can
find their own diverse group.”
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