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Abstract Declarative concepts (i.e., key terms with short definitions of the abstract concepts
denoted by those terms) are a common kind of information that students are expected to learn
in many domains. A common pedagogical approach for supporting learning of declarative
concepts involves presenting students with concrete examples that illustrate how the abstract
concepts can be instantiated in real-world situations. However, minimal prior research has
examined whether illustrative examples actually enhance declarative concept learning, and the
available outcomes provide weak evidence at best. In the three experiments reported here,
students studied definitions of declarative concepts followed either by illustrative examples of
those concepts or by additional study of the definitions. On a subsequent classification test in
which learners were presented with examples and were asked to identify which concept the
example illustrated, performance was greater for students who had studied illustrative exam-
ples during learning than for students who only studied definitions (ds from 0.74 to 1.67).
However, the effects of illustrative examples on declarative concept learning depended in part
on the conditions under which those examples were presented. Although performance was
similar when examples were presented after versus before concept definitions (Experiments
1a–1b), classification accuracy depended on the extent to which examples of different concepts
were interleaved and whether definitions were presented along with the examples (Experiment 2).

Keywords Declarative concepts . Examples . Concept learning . Classification

Declarative concepts are a common kind of information that students are expected to learn
across many different grade levels and academic disciplines. We use the term declarative
concepts here to refer to key terms with short (usually one to two sentences) definitions of the
abstract concepts denoted by those terms. For example, a psychology student would learn
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about positive and negative reinforcement, a physics student would learn about kinetic and
potential energy, and a biology student would learn about phenotypes and genotypes. Concepts
of this sort are targeted in many concept inventories, which are taxonomies of foundational
concepts within a particular topic or domain). Since introduction of the first concept inventory
in physics (Force Concept Inventory; Hestenes, Wells, and Swackhamer 1992), a wide array of
concept inventories has been developed for various scientific topics (e.g., geoscience, genetics,
natural selection, electricity and magnetism, biology; for a review, see Libarkin 2008).
Likewise, classroom instruction is often directed at teaching students about declarative con-
cepts, and textbooks are often heavily populated by these concepts. For example, across
chapters in three popular Introductory Psychology textbooks (Myers 2010; Schacter, Gilbert,
and Wegner 2009; Zimbardo, Johnson, and McCann, 2012), the end-of-chapter concept lists
included an average of 42 key concept terms (range 14–86 across 46 chapters). Declarative
concepts represent an important part of the foundational knowledge that novice learners need
to build upon, to acquire a cumulative knowledge base within a domain. Indeed, one of the
best predictors of learning for new information within a domain is the amount of relevant prior
knowledge an individual has within that domain (e.g., Hambrick 2003; Hambrick, Meinz,
Pink, Pettibone, and Oswald 2010; Spilich, Vesonder, Chiesi, and Voss 1979).

Importantly, a defining characteristic of declarative concepts is that they have some level of
abstraction that represents a type-token relationship with particular contexts, situations, or
events in which that concept may be instantiated.1 One reason that declarative concepts feature
prominently in some courses is that they are applicable to enhancing understanding of and/or
improving functioning in various real-world contexts. For example, the concept of positive
reinforcement can be instantiated in the context of teaching children, training pets, improving
adherence to exercise and diet regimens, and so on.

Concerning instruction of declarative concepts, a common feature of textbooks and of
lectures is to introduce a declarative concept by presenting the definition and then to elaborate
further by describing concrete examples of how that concept can be applied in one or more
real-world situations (hereafter referred to as illustrative examples). An important learning goal
is for students to be able to successfully apply declarative concepts to such contexts, which is a
hallmark of conceptual learning. The implicit or explicit assumption of instructors and
textbooks is that providing illustrative examples will support this kind of conceptual learning.
However, as discussed further below, minimal evidence exists to support this assumption.

The importance of presenting examples for concept learning likely depends on the structure
of the concept that is being conveyed. The distinction between well-defined and natural
concepts (e.g., Murphy 2004) is particularly relevant. Category membership for well-defined
concepts is all-or-none as a result of their reliance on a set of rules that specify features,
corresponding to a definition, that are sufficient for including all instances of the concept and
excluding all non-instances. The concept of “triangle” serves as a good example of a well-
defined concept in that it can be defined via a set of necessary and sufficient features (i.e., a
closed figure consisting of three straight lines). In contrast, for natural concepts, category
membership is graded as a result of membership being determined on the basis of similarity to
either a prototype (e.g., Rosch and Mervis 1975) or a collection of exemplars of the concept
(e.g., Medin and Schaffer 1978; Nosofsky 1999). The concept “dog” is a natural category in
that there are no features or combination of features that serve as a definition to allow inclusion
of all instances and exclusion of all non-instances of the concept. Rather, classification is based

1 This characteristic is also what distinguishes declarative concepts from declarative facts, which are non-abstract
statements with truth values (e.g., George Washington was the first president of the USA; the capital of Ohio is
Columbus).
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on similarity with the result that category membership is graded (e.g., a Collie is a more typical
instance of “dog” than is a Chihuahua). For natural categories, the examples or prototype
derived from them serve as the basis for the concept, and thus examples are key for learning
natural concepts.

As will be described, the declarative concepts used as materials in our experiments (topics
of human judgment and decision making) correspond to natural categories rather than to well-
defined categories. The parallel between natural categories and declarative concepts is useful
for understanding why declarative concept learning may benefit from illustrative examples and
thus why we expected to find evidence of the power of examples for conveying those
concepts. Table 1 provides definitions and examples for some of the declarative concepts that
were employed in the current research. To appreciate that the concepts are natural ones rather
than well defined, consider the definition and first example given for the mere exposure effect.
Suppose that example was changed to say that as a result of prior exposure you come to
believe that most others will like the CD that was frequently played by your coworker. The
changed example could be classified as an example of the mere exposure effect—you believe
others will like the CD because you do as a result of being frequently exposed to it.
Alternatively, the changed example could be classified as an example of the availability
heuristic—you believe others will like the CD because an instance of somebody liking it
readily comes to mind. Whereas classification of a well-defined object (e.g., a triangle) is
unambiguous, this is not the case for classifying examples of declarative concepts (particularly
from the domain of human judgment and decision making). More generally, a given declar-
ative concept may have a one-to-many mapping with various surface features of contexts in
which the concept applies. Likewise, several declarative concepts may have a many-to-one
mapping with a particular surface feature, in that various concepts may have different
applications within the same context. Examples afford structural alignment processes that
support learning of the deep relational structures (Rittle-Johnson and Star 2011).

The primary goal of the current research was to determine whether examples facilitate
learning of declarative concepts. Several theoretical frameworks support the expectation that

Table 1 Examples of concepts, definitions, and examples used in Experiments 1a, 1b, and 2

Availability heuristic: The tendency to estimate the likelihood that an event will occur by how easily instances of
it come to mind.

• After the Columbine shootings and the extensive press coverage, people were more likely to overestimate the
amount of teen violence and to fear school violence.

• Because it is easier to think of words that start with k than words with k as the third letter, people assume that
more words start with k. In fact, however, many more words have k as the third letter.

Mere exposure effect: The phenomenon whereby the more people are exposed to a stimulus, the more positively
they evaluate that stimulus.

• Imagine you are a computer programmer. Several cubicles away, one of your coworkers frequently plays a
CD from the band, Elephants Abroad. You come to like this CD.

• Politicians spend a lot of time on fund-raising to buy advertising. They know that the repeated media
exposure increases positive evaluation of their names for voters, which can be critical in their winning
elections.

Door-in-the-face technique: A strategy to increase compliance based on the fact that refusal of a large request
increases the likelihood of agreement with a subsequent smaller request.

• Carrie needs about $10 for a shopping trip, so she asks her mother for $50, but her mother refuses. Carrie then
asks for $10 and her mother agrees.

• Your neighbor first asked you to take care of his dog and cat in your home. After you refused to do so, the
neighbor might ask if you would at least water his plants, which you would agree to do.
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they will do so. According to the transfer-appropriate-processing (TAP) framework, memory
is enhanced to the extent that the cognitive processes engaged during encoding overlap with
those engaged during retrieval (Morris, Bransford, and Franks 1977; Roediger et al. 1989). For
example, in a study of analogical transfer (Needham and Begg 1991), learners
encoded problem–solution scenarios during training, either with instructions to study
each scenario for later recall (memory orientation) or with instructions to explain why
the solution for each problem was correct (problem orientation). Subsequently, indi-
viduals were more likely to correctly solve analogous transfer problems if they had
previously engaged in problem-oriented processing versus memory-oriented process-
ing, even though memory for the training scenarios was better following memory-
oriented processing versus problem-oriented processing. By extension to declarative
concept learning, providing illustrative examples engages students in mapping the
components of abstract concepts onto real-world referents during study. Thus, TAP
would suggest that orienting students to the application of concepts during study will enhance
the likelihood that students can successfully apply abstract concepts to real-world contexts
subsequently.

The expectation that illustrative examples will facilitate conceptual learning also aligns with
central assumptions of contemporary theories of text comprehension concerning the levels of
representation afforded by a nominal unit of text (Kintsch 1998; van den Broek 2010; Zwaan
and Radvansky 1998). In brief, the surface level includes a verbatim representation of the
linguistic information (i.e., the particular words and syntax) contained in the text. The textbase
includes an amodal semantic representation of the ideas explicitly stated in the text. The
situation model goes beyond the textbase by integrating ideas from the text with general world
knowledge to form a multimodal representation of the situation being described in the text.
Comprehension theorists further assume that performance on memory-based tasks largely
depends on the textbase, whereas performance on tasks requiring inference and application
depend more heavily on the situation model. By extension, providing the definition of a
declarative concept affords a textbase representation of the ideas contained in that definition,
whereas providing an illustrative example would afford the encoding of a situation model by
describing a real-world situation that instantiates those ideas and that affords integration with
general world knowledge.

To what extent does the available evidence confirm the expectations that follow from these
theories (and the intuitive expectations of instructors and textbook publishers)? Surprisingly
minimal prior research has directly examined the effects of illustrative examples on learning of
declarative concepts, and the outcomes are not compelling. Hamilton (1990) presented
undergraduates with a short instructional text that introduced four declarative concepts (pos-
itive and negative reinforcement, positive and negative punishment). The text included the
definition and four examples for each concept, and all students responded to several adjunct
questions over the text. Half of the students were then presented with three additional examples
of each concept, whereas the other half were told to come up with three of their own examples.
All students then completed a recall test for the definitions, a classification test in which they
were presented with novel examples of the concepts and asked to identify which concept each
example illustrated, and then a problem-solving test describing two classroom scenarios for
which students were to explain how they would reduce a disruptive behavior. Providing
examples (versus having students generate their own) produced a small but significant effect
on problem-solving performance, but groups did not differ on either of the other measures.
One possible explanation for the weak effects is that the functional difference between the two
groups in exposure to illustrative examples was minimal, given that all participants were
exposed to illustrative examples during initial study of the text, and 84 % of the examples
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generated in the comparison group were acceptable. In other words, the functional dosage for
the two groups was 7.0 versus 6.5 examples for each concept.

In a quasi-experimental study by Griffin (1993), students in four sections of an educational
psychology course received the same lectures in class on interpreting different types of
criterion-referenced and norm-referenced test scores. Each section was then assigned to
complete a worksheet that either provided examples of each concept or prompted students
to come up with examples of each concept. Students worked together in small groups in class
to complete the worksheet and then individually completed a final test that involved classify-
ing novel examples. Final test performance in the four course sections did not significantly
differ.

Taken together, the outcomes of these studies are not particularly encouraging with respect
to the potential benefits of providing illustrative examples to foster conceptual learning of
declarative concepts. However, the comparison group in these studies also received some
exposure to illustrative examples of the concepts in the initial instructional materials and/or in
the learning task assigned to that group. Arguably, a more appropriate comparison would
involve a group who was neither exposed to nor generated illustrative examples during the
learning phase.

No prior research on declarative concept learning has compared illustrative examples to a
condition that does not include examples. Indirect evidence comes from related literatures on
learning other kinds of concepts. In work on mathematical concept learning, fourth graders
were more accurate at identifying acceptable instances of the well-defined concept of “equi-
lateral triangle” on a final test when they were presented with a definition plus examples and
non-examples during learning versus the definition only (Klausmeier and Feldman 1975).
Reed and Bolstad (1991) asked learners to solve “work” problems (i.e., computing the
productivity of two workers with different rates and/or time spent on task together). Learners
were provided with general procedural instructions about how to solve work problems, either
with or without a worked example including a detailed solution for solving a simple problem.
Performance on a subsequent transfer test was greater when examples were versus were not
provided during learning. In contrast, other related literatures have shown negative effects of
providing concrete instances on analogical transfer (e.g., Kaminski, Sloutsky, and Heckler
2013) and negative effects of providing elaborative details on learning main points from text
material (e.g., Reder and Anderson 1982).

In sum, although illustrative examples are commonly used in practice and several theoret-
ical accounts support the prediction that they will enhance conceptual learning of declarative
concepts, it remains an open question. The few studies that have included illustrative examples
of declarative concepts found minimal effects, but these studies did not include a no-example
comparison condition. Outcomes from research on other kinds of concept learning are
suggestive but somewhat mixed and do not directly establish the effects of illustrative
examples on declarative concept learning.

Accordingly, the primary goal of the current research was to investigate the extent to which
illustrative examples enhance conceptual learning of declarative concepts beyond presentation
of definitions alone. Based on the theoretical accounts described above, we predicted a
facilitative effect of examples over definitions alone. As earlier stated, the declarative concepts
employed in the current experiments were taken from the domain of human judgment and
decision making and correspond to natural concepts. Many concepts in this domain have
widespread application to many real-world contexts, and thus it is particularly well-suited for
present purposes. Additionally, these concepts are often accompanied by illustrative examples
in instructional materials. For example, in the Social Psychology chapter (which included the
concepts examined here) of a top-selling Introductory Psychology textbook (Myers 2010), 40
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out of 43 concepts included in the chapter were accompanied by one or more illustrative
examples.

All three experiments included the same two groups, a definition-then-examples group and
a definition-only group. In the definition-then-examples group, learners studied the definitions
of declarative concepts in the first block of trials and then were presented with illustrative
examples of each concept in the next five blocks of trials. In the definition-only group, no
illustrative examples were provided, and learners simply studied the definition in each block of
trials. In all three experiments, the primary outcome was performance on a final test in which
learners were presented with examples and were asked to identify which concept the example
illustrated. Example classification is a widely used measure of conceptual learning within the
literature on concept learning (e.g., Allen and Brooks 1991; Brooks, Norman, and Allen 1991;
Di Vesta and Peverly 1984; Murphy 2004). Similar to much of the prior research on other
kinds of concept learning, half of the examples presented for classification here were novel
(i.e., had not been presented during the learning phase). Classification of novel examples
provides a particularly stringent test of concept learning, in that it requires understanding of the
concept and cannot be based on overlap of surface features alone (because the new example
contexts have minimal to no overlap with the definition or with other examples used during
learning). The key prediction is that classification accuracy will be greater in the definition-
then-examples group than in the definition-only group.

The secondary purpose of each experiment was to explore potential moderators of the effect
of illustrative examples on conceptual learning. Additional aspects of the design relevant for
this purpose will be described in each experiment below.

Experiments 1a and 1b

As outlined above, learners in the definition-then-examples group studied the definition of
each concept prior to studying illustrative examples of each concept. This order of presentation
mimics the conventional approach in classroom instruction and textbook materials, in which a
concept definition is explicitly stated and then illustrated by examples. For example, in the
Social Psychology chapter of Myers (2010), illustrative examples were presented after defini-
tions for 34 of 40 (85 %) concepts. In contrast, an alternative approach suggested by recent
work on guided discovery learning would involve presenting examples prior to the definition.
A particular form of guided discovery involves engaging learners in exploratory activity prior
to direct instruction. Exploratory activity prior to instruction versus after instruction has been
shown to enhance children’s conceptual learning in mathematics (e.g., DeCaro and Rittle-
Johnson 2012) and physics (e.g., Schwartz et al. 2011). By comparison here, presenting
examples prior to the definition versus after the definition may further enhance conceptual
learning of declarative concepts.

In contrast, Di Vesta and Peverly (1984) hypothesized that learning would be enhanced by
presenting concept definitions prior to examples, based on the idea that the definition would
orient learners to process the key attributes and relations in the examples and that examples
prior to the definition “would lead to poorest performance because initial encoding might
incorporate erroneous inferences” (p. 110). In their study, undergraduates learned artificial
concepts (e.g., “belk, to disguise something by directing attention away from it, originally used
by magicians”) through initial presentation of the definition and several practice cued-recall
trials with restudy. In addition, examples of each concept were presented either prior to the
learning phase (i.e., examples-then-definition group) or after the learning phase (i.e.,
definition-then-examples group). Two days later, learners were presented with novel examples
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and non-examples. For each item, learners were asked a yes/no question about whether it was
an example of one of the previously learned concepts, and if yes, to name which concept it
illustrated. On the yes/no decision component of the test, the two groups did not differ in false
alarms to non-examples but did differ in hits for examples (with a higher hit rate for the
definition-then-examples group). However, the two groups did not differ in classification
accuracy for those examples. In the current research, inclusion of the examples-then-
definition group affords a conceptual replication of DiVesta and Peverly’s study to further
explore the extent to which the effect of illustrative examples depends on the sequence of
presentation.

Finally, as a first step toward exploring the generalizability of any effects of illustrative
examples on declarative concept learning, we sampled students from two different universities.
Experiment 1a involved undergraduates from a large public university, and Experiment 1b
involved undergraduates at an elite private university. The student populations at these two
universities differ considerably in background characteristics relevant to educational outcomes
(including high school GPA, entrance examination scores, first-generation student status, SES,
etc.), affording an opportunity to examine the effects of illustrative examples with heteroge-
neous samples. In these and subsequent experiments, our particular interest was in the effect of
illustrative examples on initial learning of unknown concepts (rather than on relearning of
already known concepts). Thus, we focused analyses on students who reported minimal prior
familiarity with the declarative concepts included in the experimental materials. This criterion
is also consistent with the emphasis in prior studies described above. In Hamilton’s (1990)
study, students with high pre-experimental familiarity with concepts were excluded from
analyses, and Di Vesta and Peverly (1984) used artificial concepts to avoid prior knowledge
of concepts. To foreshadow, outcomes for students with higher levels of pre-experimental
familiarity are reported in the Appendix and will be briefly discussed in the “General
Discussion” section.

In sum, the primary goal of Experiments 1a and 1b was to test the prediction that
conceptual learning of declarative concepts will be enhanced by illustrative examples (relative
to definitions only), and the secondary goal was to explore whether the effect differs depending
on the order of presentation (definition-then examples versus examples-then-definition).

Methods

Participants and Design Participants in Experiment 1a were undergraduates enrolled at Kent
State University (n=131; 73 % female) who participated for course credit. Participants in
Experiment 1b were undergraduates enrolled at Washington University (n=176; 57 % female)
who participated for course credit or monetary compensation. In each experiment, we
oversampled to ensure a sufficient number of participants with minimal prior familiarity with
the target concepts included in the experimental materials. Characteristics of students in the
overall sample for each experiment are summarized in Table 2. In each experiment, students
were randomly assigned to one of three groups (definition only, definition then examples, or
examples then definition).

Materials and Procedure Materials included ten concepts from the topic of human judgment
and decision making. The item set for each concept included a one-sentence definition and ten
examples. The examples for each concept were excerpted from various undergraduate psy-
chology textbooks and thus represented authentic educational materials. Each example illus-
trated the target concept in the context of a concrete, real-world situation. Table 1 includes a
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sample of concepts, definitions, and examples (the full set of materials is available from the
first author). The ten concepts were randomly divided into two sets of five, for
counterbalancing purposes described further below. The ten examples for each concept were
also randomly divided into two sets of five for counterbalancing described below.

All tasks and instructions were administered by a computer program, and participants
worked at individual computer carrels. All participants were told that they would be asked
to learn ten concepts from psychology and would later be tested on their memory and
comprehension of the concepts. Participants in the definition-only group were then told that
they would study each concept definition six times. Participants in the definition-then-
examples group were told that they would study each definition once and would then study
five examples of each concept. Participants in the examples-then-definition group were told
that they would study five examples of each concept and would then study each definition
once.

Participants in the definition-only group then completed six blocks of study trials for half of
the concepts. On each trial, the concept name was presented at the top of the screen with the
definition in a field below. Participants were informed that they had up to 60 s to study the
definition. If they finished studying sooner, they could click a button on the screen to advance
to the next trial. Within each block, concepts were presented in random order, with the
constraint that the trials for a given concept in consecutive blocks were separated by at least
one other concept. After completing all six blocks for the first set of concepts, the second set of
concepts was presented for six blocks of study trials in the same manner. Assignment of
concept set to presentation order was counterbalanced across participants (counterbalancing in
the final sample was approximate due to exclusion of participants described below).

The procedure for participants in the definition-then-examples group was the same as in the
repeated definition group, except that each trial in blocks 2–6 involved presentation of a
different example of each concept instead of the definition. The concept name was presented
along with each example. The set of five examples to be presented was approximately
counterbalanced across participants; examples within the presented set were randomly
assigned blocks 2–6. The procedure for participants in the examples-then-definition group
was the same, except that the examples and concept names were presented in blocks 1–5 and
definitions were presented in block 6.2

After all presentation trials had been completed, participants solved multiplication problems
for 5 min as a filler task. The final test then began with a cued recall test of definitions for five

2 Examples for each concept were presented in separate blocks to align the schedule of presentation trials in the
example groups with the schedule of presentation trials in the definition-only group. In the definition-only group,
presentation of the definition for each concept was spaced across blocks, because a wealth of prior research has
shown that massed restudy often has minimal to no benefit for learning (for reviews, see Cepeda, Pashler, Vul,
Wixted, and Rohrer 2006; Dunlosky et al. 2013). Thus, massed restudy would have provided a very weak
comparison group.

Table 2 Means for descriptive measures of student samples in each experiment

Experiment 1a Experiment 1b Experiment 2

Age (years) 20.5 (0.4) 19.8 (0.2) 19.6 (0.2)

Education (years completed) 13.0 (0.1) 14.3 (0.1) 12.4 (0.1)

Vocabulary (% correct) 68.8 (1.0) 85.9 (0.7) 67.6 (0.8)

Note. Vocabulary = Shipley Vocabulary Test (Zachary 1986). Standard errors of the mean are reported in
parentheses
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concepts. On each trial, a concept name was presented at the top of the screen, and participants
typed in as much of the definition as they could remember. In both example groups, the
instructions emphasized that participants should type in definitions and not examples.

After the cued recall test, participants completed an example classification test. On each
trial, an example of one of the ten concepts was presented at the top of the screen. The bottom
of the screen presented all ten concept names, with a button next to each concept (order of
concept names was randomized anew for each participant). Participants were prompted to click
a button to indicate which concept the example illustrated, at which point they were moved on
to the next trial. The classification test included 100 trials, with ten examples for each concept.
These ten trials consisted of the five examples that had been presented during the study phase
(hereafter referred to as studied examples) and the five examples that had not been presented
(hereafter referred to as novel examples). The order of trials was randomized anew for each
participant.

After the classification test, participants completed a cued recall test for the remaining five
concepts that were not tested prior to classification. Assignment of concept set to be tested
prior versus after classification was approximately counterbalanced across participants. The
purpose of splitting the cued recall test was to examine whether test order influenced
performance on either measure. Neither cued recall nor classification performance significantly
differed for concepts sets tested on cued recall before versus after classification, and
thus we do not discuss this variable further. All test trials (cued recall and classification) were
self-paced.

After the final test, participants were shown a list of the ten concept names and asked to
indicate for each one whether they had learned that concept in a psychology class prior to the
experiment (this variable was used for participant selection, described below). Participants then
completed a demographics questionnaire and a general vocabulary test including 40 multiple-
choice questions in which they were presented with a word and asked to select the best
synonym from among four choices.

Results

Data for four participants in Experiment 1a and four participants in Experiment 1b were
excluded from analyses based on evidence of non-compliance with task instructions. During
the classification task, these participants had response times faster than 1 s for more than 30 %
of the items (compared with 0.6 % of items in the remainder of the sample) and/or had mean
response times less than 4 s per item (compared withM=12 s per item in the remainder of the
sample). Rapid response times during the classification task suggest that participants were
skipping quickly through many of the test items rather than attempting to answer each one
(particularly given that the length of the test prompts was 49 words on average).

Concerning the number of concepts that participants reported learning in prior coursework,
the distribution was highly skewed in Experiment 1a and bimodal in Experiment 1b. Given our
interest in the effect of illustrative examples on initial learning of unknown concepts, outcomes
reported below include data from participants who reported having learned three or fewer of
the target concepts in prior coursework. In Experiment 1a, 66 % of participants reported
having learned three or fewer concepts (for number of concepts reported within this subset,
M=0.9, median and mode=0; for the remaining participants,M=6.3, median and mode=6). In
Experiment 1b, 45 % of participants reported having learned three or fewer concepts (for
number of concepts reported within this subset, M=0.9, median and mode=0; for the
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remaining participants, M=7.7, median=8, mode=10). Outcomes for the remaining partici-
pants in each experiment are reported in Table A1 of Appendix.

For each outcome measure in each experiment, we tested a set of planned contrasts
appropriate to our primary and secondary research questions. To evaluate our primary question
concerning the effect of illustrative examples, the first contrast compared performance in the
definition-only group to performance in the two example groups (i.e., definition-then-
examples and examples-then-definition groups). To evaluate our secondary question
concerning the effect of providing examples before or after direct instruction of definitions,
the second contrast compared performance between the two example groups.

For tests of the a priori directional prediction that examples will enhance classification
performance, we report one-tailed p values (Judd and McClelland 1989); two-tailed p values
are reported for analyses of the remaining secondary outcomes. Effect sizes reported are
Cohen’s d (Cortina and Nouri 2000). Split-half reliability estimates (corrected using
Spearman-Brown prophecy formula; Carmines and Zeller 1979) for the three performance
measures ranged from 0.85 to 0.89 in Experiment 1a and from 0.74 to 0.85 in Experiment 1b.

Classification Performance For each participant, we computed the percentage of classification
items that were answered correctly for studied examples and for novel examples. Mean
performance for both measures is reported in Fig. 1, for Experiment 1a (left panel) and
Experiment 1b (right panel). On both measures in both experiments, performance in all groups
was significantly greater than chance (10 %), all ts>14.20.

Concerning our primary question of interest, illustrative examples markedly improved
conceptual learning of declarative concepts. For classification of studied examples, the two
example groups outperformed the definition-only group in Experiment 1a [t(85)=3.12, p=
0.001, d=0.74] and in Experiment 1b [t(77)=6.06, p<0.001, d=1.43]. Classification perfor-
mance for the studied examples may in part reflect associative memory for the concept names
that were presented with these examples during learning. Consistent with this possibility,
classification performance was greater for studied versus novel examples [collapsing across
the two example groups, t(61)=6.97, p<0.001, d=0.31 in Experiment 1a and t(50)=3.75,
p<0.001, d=0.37 in Experiment 1b]. However, the pattern of performance for the novel
examples provides strong evidence that illustrative examples enhanced conceptual learning:
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Concerning classification performance for novel examples, performance was greater in the two
example groups than in the definition-only group in Experiment 1a [t(85)=1.67, p=0.049, d=
0.40] and in Experiment 1b [t(77)=5.17, p<0.001, d=1.22].

Concerning our secondary question of interest, performance in the two example groups did
not significantly differ in either Experiment 1a or in Experiment 1b for studied examples
[t(60)=0.56, d=0.14 and t(49)=0.25, d=0.07, respectively] or for novel examples [t(60)=0.37,
d=0.09 and t(49)=1.29, d=0.36, respectively]. Thus, the effects of illustrative examples were
not moderated by the order in which examples and definitions were presented.

Secondary Outcome Measures For cued recall, definitions were broken down into three to
four idea units, and responses were scored based on the percentage of idea units recalled that
were either verbatim restatements or paraphrases that preserved the meaning of the idea unit.
Partial credit was given for responses that included some but not all of the correct meaning of
the definition. Two raters were trained to complete the scoring, and 10 % of the protocols
served as a training set. Each rater scored the training set, and reliability was quite high (r=
0.89). Each remaining protocol was then scored by one of the raters.

For cued recall of definitions (see Fig. 1), performance was greater in the definition-only
group than in the two example groups in Experiment 1a [t(84)=2.09, p=0.020, d=0.50] but
not in Experiment 1b [t(77)=0.19, d=0.04]. Performance in the two example groups did not
significantly differ in either Experiment 1a or in Experiment 1b [t(59)=0.74, d=0.19 and
t(48)=1.30, d=0.37, respectively].

Informal comparisons across Experiments 1a and 1b reveal that performance was generally
higher in Experiment 1b, which is not surprising given that participants in that experiment were
from a university that employs admission standards that are more stringent than those employed by
the university attended by participants in Experiment 1a.More interesting, the gain in classification
performance from presenting examples was offset by a cost in cued recall of definitions in
Experiment 1a but not in Experiment 1b. In Experiment 2, we further examine whether presenting
examples rather than repeating definitions produces a cost for recall of definitions.

Finally, mean study time during the learning phase is reported in Table 3. To revisit, we
equated the number of trials in each group but not nominal trial duration. In brief, equating
nominal time on task does not guarantee equivalent functional time on task (e.g., participants
likely do not attend to a stimulus during the entire enforced period of time); permitting self-
paced study is preferable because it affords examination of functional time on task. In
Experiment 1a, a 6 (block) × 3 (group) ANOVA yielded a significant main effect of block
[F(5, 420)=96.63, mean squared error (MSE)=29.55, p<0.001, ηp

2=0.54], no effect of group
(F=1.29), and a significant interaction [F(10,420)=7.34, MSE=29.55, p<0.001, ηp

2=0.15]. In
Experiment 1b, the main effects of block and group were both significant [F(5, 380)=77.93,
MSE=21.84, p<0.001, ηp

2=0.51 and F(2, 76)=3.52, MSE=408.86, p=0.035, ηp
2=0.09], as

was the interaction [F(10, 380)=6.51, MSE=21.84, p<0.001, ηp
2=0.15].

As apparent from inspection of the pattern of means in Table 3, the interaction in each
experiment largely reflects longer study times in the example groups than in the definitions-
only group in later blocks of practice. However, these differences in study time are unlikely to
explain the effect of examples on conceptual learning. In an analysis of covariance
(ANCOVA) controlling for study time in each block of trials, classification performance was
still significantly greater for the two example groups than for the definition-only group for
studied examples [F(1, 79)=10.52, MSE=412.88, p=0.002, ηp

2=0.12 in Experiment 1a and
F(1, 70)=14.41, MSE=163.38, p<0.001, ηp

2=0.17 in Experiment 1b] and for novel examples
[F(1, 79)=4.41, MSE=429.40, p=0.039, ηp

2=0.05 in Experiment 1a and F(1, 70)=9.10,
MSE=138.14, p=0.004, ηp

2=0.12 in Experiment 1b].
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Experiment 2

Given that Experiment 1 provides the first demonstration that illustrative examples enhance
conceptual learning for declarative concepts, an important goal of Experiment 2 was to
replicate this key outcome (regarding the importance of directly replicating novel findings,
see Pashler and Harris 2012). Accordingly, Experiment 2 included the same definition-only
and definition-then-examples groups as in Experiment 1. For economy of design, we dropped
the examples-then-definition group because the two example groups did not significantly
differ and because this schedule is less representative of how examples are typically incorpo-
rated into classroom instruction and textbook materials.

Experiment 2 was also designed to provide important extensions beyond Experiment 1, to
explore other potential moderators of the effects of examples. The two moderators examined in
Experiment 2 were motivated by the conditions in which examples are commonly presented in
practice. In the definition-then-examples group in Experiment 1, students studied each defini-
tion for a set of concepts prior to studying examples for those concepts. As noted above,
presentation of definitions prior to examples is a common practice. However, the particular
presentation schedule used here departs from typical practice in two respects. First, a set of
concepts is often taught in a sequence such that one concept definition is introduced, followed
by examples of that concept, before proceeding on to introduction of the next concept. That is,
presentation of the definition and examples for a given concept are commonly blocked (as
opposed to interleaved with definitions and examples of other concepts, as in Experiment 1).
For example, in the Social Psychology chapter of Myers (2010), illustrative examples were
included in the same paragraph as the definition for 30 of 40 concepts (examples were
included in an immediately adjacent paragraph for the remaining ten concepts). Second, the
definition of a concept is commonly available for students to refer back to as needed while
studying examples of that concept (as opposed to withholding the definition during presenta-
tion of the examples as in Experiment 1). To explore the extent to which either or both of these
conditions moderate the effects of examples, we manipulated the presentation schedule

Table 3 Mean study time in each block of trials as a function of group in each experiment

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6

Experiment 1a

Definition only 34.4 (3.0) 20.0 (2.4) 16.2 (2.3) 14.8 (2.3) 12.5 (2.1) 11.0 (2.1)

Definition then examples 26.7 (1.9) 24.2 (1.4) 22.0 (1.8) 19.2 (1.4) 18.7 (1.3) 15.7 (1.1)

Examples then definition 30.1 (2.3) 24.8 (2.0) 21.9 (1.9) 20.8 (2.0) 18.8 (1.5) 14.9 (1.7)

Experiment 1b

Definition only 26.2 (2.7) 14.3 (2.4) 11.8 (1.9) 9.4 (1.6) 8.1 (1.4) 6.6 (1.2)

Definition then examples 23.7 (2.5) 22.4 (2.8) 19.1 (2.4) 16.5 (1.8) 16.4 (1.6) 15.2 (1.2)

Examples then definition 23.7 (1.9) 18.0 (1.4) 17.1 (1.4) 16.0 (1.5) 15.3 (1.1) 12.6 (1.4)

Experiment 2

Definition only 31.6 (2.9) 21.2 (3.3) 17.7 (2.8) 13.8 (2.2) 10.8 (2.1) 10.2 (1.7)

DE interleaved 30.2 (2.1) 24.5 (1.7) 22.7 (1.5) 21.1 (1.4) 20.4 (1.3) 19.4 (1.4)

DE blocked 26.9 (2.5) 22.6 (2.4) 20.4 (2.4) 20.2 (2.0) 18.4 (1.8) 17.6 (2.1)

DE interleaved with definition 30.1 (2.5) 30.5 (2.2) 25.1 (1.9) 23.8 (2.1) 19.9 (1.7) 19.9 (1.9)

DE blocked with definition 25.1 (1.9) 22.7 (1.9) 20.6 (1.5) 18.5 (1.6) 17.6 (1.6) 16.6 (1.5)

Note: Study time is reported in seconds. Standard errors of the mean are reported in parentheses
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(blocked versus interleaved) and the availability of definitions (examples with or without
concurrent definitions) in Experiment 2.

What might be predicted with respect to the effects of these two factors? Concerning
presentation schedule, prior research strongly supports the prediction that interleaving will be
more effective than blocking for enhancing concept learning. The advantage of interleaved
versus blocked schedules has been shown in several other conceptual or complex learning
tasks, including inductive learning of artists’ painting styles, categorization of bird species, and
learning how to solve different kinds of math problems (for recent reviews, see Dunlosky,
Rawson, Marsh, Nathan, and Willingham 2013; Rohrer 2012). One theoretical account of
interleaving that emerges from this work is that interleaving is particularly effective for
enhancing discrimination learning (Taylor and Rohrer 2010). For present purposes, interleav-
ing illustrative examples may enhance declarative concept learning by helping students
discriminate between various related concepts and understand differences in how they map
onto real-world contexts. Outcomes reported by Di Vesta and Peverly (1984) provide initial
evidence for an advantage of interleaving versus blocking examples. As described earlier, Di
Vesta and Peverly presented students with artificial concepts along with examples. Among
other factors, their study included a manipulation of the sequence of examples (interleaved
versus blocked). On the final test 2 days later, interleaving improved hit rates on the yes/no
decision component of the test and enhanced subsequent classification accuracy.

Concerning definition availability, predictions for the effects of this factor are less straight-
forward, as the presence of the definition with the example may have both negative and
positive effects on learning. In this vein, presence of the definition may lead students to focus
more on studying the definition than the example and/or may produce relatively shallow
processing of the example. Absence of the definition may lead students to attempt retrieval of
the definition on each trial, and a wealth of research has established that retrieval practice
enhances learning (for reviews, see Dunlosky et al. 2013; Rawson and Dunlosky 2012).
Alternatively, attempting to retrieve the relevant definition from memory and then hold it in
mind while studying the example may exceed the processing capacity of many learners.
Presence of the example may thus free processing resources for mapping the ideas in the
definition to the provided example, which may enhance conceptual learning. Given that the
availability of definitions has several plausible and potentially offsetting effects on learning,
our examination of this factor is largely exploratory.

Methods

Participants and Design Because of the difficulty of obtaining a sufficient number of Wash-
ington University students who had minimal prior learning for the target concepts, we limited
data collection for Experiment 2 to undergraduates at Kent State University, who participated
for course credit (n=197; 60 % female). Student characteristics are summarized in Table 2.
Students were randomly assigned to one of five groups. Four versions of the definition-then-
example (hereafter referred to as DE) group were defined by a 2 (blocked versus interleaved) ×
2 (with or without concurrent definition) factorial design. We also included a definition-only
group, for purposes of replicating the primary outcomes of Experiment 1a.

Materials and Procedure Materials were the same as in Experiment 1a. Procedures for the
definition-only group and the DE-interleaved group were the same as in Experiment 1a. The
procedure in the other three example groups was the same as in the DE-interleaved group with
the following exceptions. In the DE-interleaved-with-definition group, the definition was
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presented on the screen along with the concept name and example on each trial of blocks 2–6.
In the DE-blocked group, the presentation schedule began with a study trial for the definition
of one concept, followed by five study trials that each included a different example of that
concept. The definition of the next concept was then presented, followed by five study trials
for the examples of that concept, and so on for the remaining eight concepts. The procedure for
the DE-blocked-with-definition group was the same except that the definition was presented
on the screen along with the concept name and example on each trial.

The only other procedural change involved the inclusion of an additional secondary
measure. After all study trials had been completed and prior to the filler task, participants
were told that some of the questions on the upcoming test would present new real-world
examples of the concepts they had just learned and that they would be asked to identify (by
selecting from the list of concept names) which concept each example illustrates. For each
concept, participants were asked “How confident are you that you will be able to accurately
identify real-world examples that illustrate the following concept?” Participants indicated their
judgment by moving a pointer on a sliding scale with the end points labeled “0 % confident”
and “100 % confident.” We refer to these subsequently as concept learning judgments (cf.
category learning judgments; Jacoby, Wahlheim, and Coane 2010).

Results

Data for 13 participants were excluded from analyses based on evidence for non-compliance with
task instructions. During the classification task, these participants had response times faster than 1 s
for more than 30 % of the items (compared with 1.4 % in the remainder of the sample) and/or had
mean response times less than 4 s per item (compared withM=14 s per item in the remainder of the
sample). Concerning the number of concepts that participants reported learning in prior coursework,
the distribution was again highly skewed. Outcomes reported below include data from participants
who reported having learned three or fewer of the target concepts in prior coursework (69 % of
participants; for number of concepts reported within this subset,M=0.7, median and mode=0; for
the remaining 31% of participants,M=6.4, median=6, mode=5). For archival purposes, outcomes
for the remaining participants are reported in Table A1 in the Appendix.

For each outcome measure, we conducted two sets of analyses appropriate to the purposes of
Experiment 2. To examine the direct replication of outcomes from Experiment 1a, the first analysis
compared performance in the definition-only group and the DE-interleaved group. To evaluate the
extent to which the effect of examples depends on the schedule of presentation and/or the
availability of the definition during study, the second analysis compared the four example groups.
Split-half reliability estimates for the three performance measures ranged from 0.80 to 0.89.

Classification Performance Classification performance for both studied and novel examples
in all groups was significantly greater than chance (10 %), all ts>7.84. Concerning replication
of key outcomes from Experiment 1a, performance for the DE-interleaved and definition-only
groups is reported in Fig. 2. Classification performance for studied examples was greater for
the DE-interleaved group than for the definition-only group (t(55)=3.59, p<0.001, d=0.95).
Classification performance for novel examples was also greater for the DE-interleaved group
than for the definition-only group (t(55)=3.40, p<0.001, d=0.90). Thus, we replicated both of
the key outcomes from Experiment 1a.

Concerning extension beyond our initial findings, to what extent does the effect of
examples depend on the presentation schedule and/or the availability of definitions during
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study? Classification performance for studied examples for the four DE groups is reported in
the left panel of Fig. 3 (note that the leftmost bar in each panel reports the same outcomes for
the DE-interleaved group as in Fig. 2 and is repeated here to facilitate comparison with the
other DE groups). A 2 (presentation schedule: blocked versus interleaved) × 2 (definition: with
or without concurrent definition) factorial ANOVA yielded only a significant interaction
(F(1, 93)=6.04, MSE=544.18, p=0.016, ηp

2=0.06 (Fs<1 for main effects)). As shown in
the right panel of Fig. 3, a similar pattern emerged for classification of novel examples
(F(1, 93)=7.58, MSE=481.69, p=0.007, ηp

2=0.08 (Fs<1.46 for main effects)).
Concerning our predictions for the effect of presentation schedule, as expected, interleaving

produced a sizeable advantage over blocking in the absence of definitions [for studied
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examples, t(46)=2.40, p=0.011, d=0.70; for novel examples, t(46)=3.07, p=0.004, d=0.90].
However, no interleaving effect emerged when definitions were present, with non-significant
trends in the opposite direction [for studied examples, t(47)=1.13, d=0.32; for novel exam-
ples, t(47)=1.02, d=0.29].

Presenting definitions with examples tended to enhance classification performance when trials
were blocked [t(43)=1.78, d=0.53 for studied examples; t(43)=1.81, d=0.54 for novel examples],
but trends were in the opposite direction when trials were interleaved [t(50)=1.67, d=0.46 for
studied examples; t(50)=2.10, d=0.58 for novel examples]. However, given that we made no a
priori predictions for reasons noted earlier, use of a conservative correction for multiple compar-
isons is warranted, and none of these comparisons reached statistical significance with α=0.01.

Secondary Outcome Measures For cued recall of definitions, the DE-interleaved and
definition-only groups did not significantly differ (see Fig. 2; t(55)=0.03). Thus, in contrast
to Experiment 1a but consistent with the pattern in Experiment 1b, the gain in classification
performance from presenting examples was not offset by a cost in cued recall of definitions.

In a 2×2 ANOVA of cued recall in the four DE groups, only the interaction was significant
(F(1, 93)=4.05, MSE=513.11, p=0.047, ηp

2=0.04 (Fs<1 for main effects)). Paralleling the
qualitative pattern for the classification measures, cued recall was numerically (but not
significantly) greater following interleaving versus blocking when definitions were not avail-
able during study [39.0 % (standard error (SE)=4.0) versus 30.2 % (SE=3.3), t(46)=1.59, d=
0.46], with a non-significant trend in the opposite direction when definitions were available
[33.6 % (SE=5.4) versus 43.5 % (SE=5.1), t(47)=1.34, d=0.38].

Mean study time during the learning phase is reported in Table 3. Comparing the two
replication groups, a 6 (block) × 2 (group: DE-interleaved versus definition only) ANOVA
yielded significant main effects of block [F(5, 275)=37.49, MSE=54.43, p<0.001, ηp

2=.41]
and group [F(1, 55)=5.05, MSE=513.28, p=0.029, ηp

2=.08] and a significant interaction
[F(5, 275)=4.50, MSE=54.43, p=0.001, ηp

2=.08]. The interaction largely reflects longer
study times in the DE-interleaved group than in the definition-only group in later blocks of
practice. However, these differences in study time are unlikely to explain the effect of
examples on conceptual learning. In ANCOVAs controlling for study time in each block of
trials, classification performance was still significantly greater for the DE-interleaved group
than for the definition-only group for studied examples [F(1, 49)=7.48, MSE=460.32, p=
0.009, ηp

2=.13] and for novel examples [F(1, 49)=6.11, MSE=478.56, p=0.017, ηp
2=.11].

Table 4 Mean judgment magnitudes and judgment accuracy for concept learning judgments in Experiment 2

CLJ magnitude CLJ accuracy

Studied examples Novel examples

Definition only 66.9 (3.4) 0.26 (.07) 0.26 (.07)

DE interleaved 76.5 (2.3) 0.39 (.06) 0.38 (.07)

DE blocked 68.9 (3.6) 0.28 (.10) 0.37 (.09)

DE interleaved with definition 70.9 (3.9) 0.17 (.10) 0.19 (.08)

DE blocked with definition 69.8 (3.9) 0.30 (.09) 0.29 (.09)

Note: Standard errors of the mean are reported in parentheses. CLJ magnitude is the mean judgment on a scale
from 0 to 100. CLJ accuracy is the mean intraindividual correlation between judgments and classification
performance for the ten concepts; accuracy was computed separately for classification of studied examples and
for classification of novel examples

CLJ concept learning judgments
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Comparing the four example groups, a 6 (block) × 2 (presentation schedule: blocked versus
interleaved) × 2 (definition: with or without concurrent definition) ANOVA yielded only
significant main effects of block [F(5, 465)=54.02, MSE=24.39, p<0.001, ηp

2=.37] and
presentation schedule [F(1, 93)=4.22, MSE=382.97, p=0.043, ηp

2=.04], all other Fs<2.09.
Students spent more time with interleaving than with blocking, but the increase was relatively
modest (collapsing across blocks, 23.9 versus 20.5 s per trial, respectively).

Finally, outcomes for the concept learning judgments are reported in Table 4. For each
participant, we computed the mean judgment across the ten concepts. The first column of
Table 4 reports the mean across individual values in each group. The effect of group in a one-
way ANOVAwas not significant (F<1.21). For each participant, we also computed judgment
accuracy as the intraindividual gamma correlation between judgments and classification
performance across the ten concepts. We computed two correlations for each participant,
one between the participant’s judgments and classification for studied examples and another
between the participant’s judgments and classification for novel examples. Means across
intraindividual correlations are reported in Table 4.

Within the literature on metacognition, an issue of perennial interest concerns the extent to
which students can accurately monitor how well they have learned information (Dunlosky and
Metcalfe 2009), and interest in the extent to which students can accurately monitor their
conceptual learning has recently emerged in this literature (Jacoby, Wahlheim, and Coane
2010). Judgment accuracy did not significantly differ as a function of group for either studied
examples or novel examples (Fs<1). Collapsing across groups, judgment accuracy was
significantly above zero but still relatively modest for both studied and novel examples
[studied: M=0.29, SE=0.04, t(117)=7.70, p<0.001; novel: M=0.30, SE=0.04, t(116)=8.31,
p<0.001]. This level of judgment accuracy for concept learning is consistent with the modest
level of accuracy reported by Jacoby et al. (2010) for individuals learning bird categories (M=
0.28). Although examination of concept learning judgments (CLJ) accuracy in the current
study was largely exploratory, these outcomes provide further evidence that students are
somewhat limited in the extent to which they can accurately assess their own conceptual
learning.

General Discussion

Although presenting illustrative examples is a common pedagogical device used for instruction
of declarative concepts, minimal research has examined the effects of illustrative examples on
conceptual learning. The current work reports the first examination of declarative concept
learning with versus without illustrative examples. Across all three experiments, a consistent
pattern emerged: Providing illustrative examples enhanced conceptual learning relative to only
providing concept definitions, as evidenced by more accurate classification of both studied and
novel examples (with ds ranging from 0.74 to 1.67).

However, the effect of illustrative examples on declarative concept learning depends in part
on the conditions under which those examples are presented. Although similar levels of
performance obtained when examples were presented before versus after students studied
the concept definitions (Experiments 1a–1b), classification accuracy did depend on the extent
to which examples of different concepts were interleaved and whether definitions were
presented along with the examples (Experiment 2). When definitions were not presented, an
advantage of interleaving over blocking emerged, as has been shown in prior research on other
kinds of concept learning. However, no interleaving effect emerged when definitions were
present. An important implication of the latter outcome is that the common practice of
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presenting illustrative examples in blocked fashion would substantially attenuate the benefits
of examples unless the definitions are also available.

The latter outcome also departs from the typical pattern reported in prior interleaving research.
However, no prior interleaving research has involved explicit presentation of definitional informa-
tion during interleaved practice. The extent to which interleaving effects on other kinds of concept
learning are diminished by presentation of definitional information is an interesting question for
future interleaving research. The current finding also has implications for theoretical accounts of
interleaving effects. As mentioned earlier, the prevailing theoretical account of interleaving effects
states that interleaving is particularly effective for enhancing discrimination learning (Taylor and
Rohrer 2010). However, this account does not afford a straightforward explanation for why the
effects of interleaving would be moderated by the presence of definitional information. One
possible explanation concerns the different kinds of processing involved in concept learning.
Concept learning involves both inter-concept discrimination (learning to distinguish tokens of
different types) and intra-concept similarity (identifying similarities between tokens of the same
type). One possibility is that learners tend to focus on inter-concept discrimination in the absence of
definitional information (as in all prior interleaving research), which would be facilitated by
interleaved presentation. In contrast, presentation of definitional information may engender focus
on intra-concept processing, which would be facilitated by blocked presentation (cf. themultifactor
account of generation and testing effects, which assumes that various conditions can influence the
extent to which limited processing resources are directed at item-specific encoding versus interitem
relational encoding; Peterson and Mulligan 2013). Although speculative, this account points to an
interesting direction for further theoretical research that would be informative to both the inter-
leaving literature and the example-based learning literature.

Given the paucity of research examining the effects of illustrative examples on declarative
concept learning, further research is clearly needed to establish the generality of the effects
demonstrated here, as well as to explore other potential moderators of these effects. For
example, although the current research focused on conceptual learning for students with
minimal prior familiarity with the to-be-learned concepts, outcomes for students with higher
familiarity (reported in the Appendix) suggest that knowledge level may be another potential
moderator of the effects of illustrative examples. Whereas lower-familiarity students had
consistently better classification accuracy in the definition-then-examples group than in the
definitions-only group, minimal differences emerged for higher-familiarity students. Perfor-
mance in Experiment 1b was near ceiling, and the sample sizes in Experiments 1a and 2 were
relatively small, so these outcomes should be interpreted with caution. Additionally, lower-
familiarity and higher-familiarity students likely differed on dimensions other than familiarity
with the concepts.3 Nonetheless, the diminished effects for higher-familiarity students are
consistent with patterns observed in the related literature on worked examples. In brief,
research on various kinds of problem-solving (e.g., algebra, geometry, physics) has shown

3 Lower-familiarity and higher-familiarity students in each experiment did not significantly differ in age, educa-
tion, or vocabulary (all ps 0.18–0.98, except for a significant 4 % difference in vocabulary and a 0.7-year
difference in education favoring the higher-familiarity subset in Experiment 1a), although they may have differed
on other factors not measured here. Differences in concept familiarity were related to the time of semester in which
participants completed the experiment in Experiment 1a and Experiment 2, with 77 and 62 % of lower-familiarity
participants completing the experiment in the first half of the semester versus only 36 and 33 % of higher-
familiarity participants in the first half of the semester. Both of these experiments involved samples drawn from the
Kent State participant pool, the majority of which consists of students enrolled in General Psychology (in which
the relevant content domain tends not to be covered until later in the semester). In Experiment 1b, 72 and 70 % of
lower-familiarity and higher-familiarity participants completed the experiment in the first half of the semester, but
the Washington University participant pool includes a much large proportion of advanced undergraduates who
likely had completed coursework in which they may have previously encountered the experimental concepts.
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that final test performance is greater when novice learners are presented with worked examples
during problem-solving practice versus problem-solving practice without worked examples.
However, several studies found that the benefit of worked examples is diminished or even
reversed for high-knowledge learners (for a review of expertise reversal effects, see Kalyuga,
Rikers, and Paas 2012). Thus, systematic investigation of the effects of illustrative examples as
a function of learner characteristics may be a fruitful direction for future research.

Other important directions for future research concern exploring the power of examples
with other materials, measures, and under other learning conditions. Note that the declarative
concepts used here were representative of natural categories rather than well defined. The
possibility remains that illustrative examples may have weaker effects on conceptual learning
for concepts that more closely resemble well-defined categories. Another outstanding issue
concerns the extent to which the power of examples may be moderated by characteristics of
the illustrative examples used, including example quantity, quality, prototypicality, and vari-
ability (e.g., with examples drawn from more versus fewer real-world contexts).

Concerning measures, as noted earlier, we used the classification task to measure conceptual
learning because it is commonly used in the broader literature on concept learning. For practical
purposes, this measure was also advantageous in that it taps a key learning goal for students—
namely, that students can identify when concepts are applicable in real-world contexts. For
theoretical purposes, this measure also afforded a straightforward test of the predictions of the
transfer-appropriate processing framework, according to which performance is enhanced to the
extent that the cognitive processes engaged during encoding overlap with those engaged during
test. Although the nominal tasks during learning and the classification test were not identical
(i.e., students in the example groups were explicitly told which concept the example illustrated
during learning versus had to infer which concept the examples illustrated during test, partic-
ularly for novel examples), the learning task afforded practice with seeing how the concepts
could be mapped onto aspects of real-world contexts. However, the functional overlap between
the learning task and the final test may have benefited the example groups in ways other than
enhancing the overlap of conceptual processes (e.g., although the particular items included in
the novel classification task had not been practiced earlier, learners in the example groups may
still have benefited from overall familiarity with a task that involved presentation of examples).
With that said, other literatures have shown that task overlap per se does not always confer
benefits for subsequent performance. For example, Karpicke and Blunt (2011) demonstrated
that retrieval practice was more effective than concept mapping practice for enhancing perfor-
mance on a subsequent concept mapping test, and Paas and Van Merriënboer (1994) demon-
strated that studying worked examples of geometry problems was more effective than solving
geometry problems for enhancing performance on a subsequent problem-solving test. Like-
wise, in the current experiments, one might reasonably have expected the definitions-only
condition to have conferred greater benefits for definition cued recall, relative to the
example groups. Nonetheless, an important direction for future research involves
examining the effects of illustrative examples using other measures of conceptual
learning (e.g., example generation, problem-solving).

Concerning learning conditions, it is potentially important that interleaving does not appear to
be effective when the definition is provided. This intriguing outcome warrants independent
replication and further investigation. Other important conditions worthy of future research include
the timing of example presentation (e.g., distributed across sessions rather than within a single
session) and the retention interval between studying examples and subsequent tests of conceptual
learning. Further exploration of retention interval would be particularly informative, given that the
experiments reported here involved a relatively short delay. In contrast, long-term retention of
student learning is of practical interest, and thus exploring the longer-term effects of illustrative
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examples on declarative concept learning is an important future direction. By comparison, retention
interval has been shown to moderate the benefits of other learning techniques. For example,
practice testing and spacing both have larger effects after longer versus shorter retention intervals
(for reviews, see Dunlosky et al. 2013). These findings suggest the intriguing possibility that the
benefits of illustrative examples may be even larger with longer retention intervals.

Conclusions

The current work provides the first definitive demonstration that presenting students with
illustrative examples can significantly enhance conceptual learning for declarative concepts.
Establishing the effects of illustrative examples is important given that this pedagogical device
is frequently used in practice, despite the fact that no prior research had demonstrated its
efficacy—indeed, the only outcomes available from prior research suggested that illustrative
examples had minimal to no effects on declarative concept learning. The current work also
provides a point of departure for several interesting directions for future research to further
establish and explain the effects of illustrative examples. As noted above, many important
factors remain to be explored (including characteristics of learners, concepts, examples, and
learning conditions). Thus, the current work reveals only the tip of the iceberg with respect to
the power of examples to enhance conceptual learning.
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Appendix

Table 5 Performance on primary dependent variables for participants who indicated pre-experimental familiarity
with four or more concepts

Classification of examples Cued recall

Studied Novel

Experiment 1a

Definitions only (n=17) 64.9 (6.1) 65.9 (5.8) 58.2 (7.2)

Definitions then examples (n=10) 69.6 (7.1) 64.4 (8.1) 42.7 (8.3)

Examples then definitions (n=17) 70.7 (4.6) 65.6 (4.7) 42.0 (4.9)

Experiment 1b

Definitions only (n=24) 90.0 (1.7) 89.3 (2.0) 81.0 (3.5)

Definitions then examples (n=29) 93.8 (1.5) 92.8 (1.6) 75.8 (3.2)

Examples then definitions (n=44) 89.9 (1.9) 86.6 (2.2) 65.8 (3.0)

Experiment 2

Definitions only (n=7) 50.3 (7.5) 47.2 (9.6) 39.0 (11.0)

DE interleaved (n=12) 44.6 (7.1) 38.8 (7.1) 19.1 (4.6)

DE blocked (n=15) 57.3 (4.2) 52.2 (3.2) 35.2 (5.0)

DE interleaved with definitions (n=10) 57.8 (7.5) 53.6 (6.5) 39.0 (7.2)

DE blocked with definitions (n=14) 62.2 (6.2) 58.3 (7.0) 39.5 (7.0)

Note: Standard errors of the mean are reported in parentheses
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