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Instruction, example order, and student learning: reducing
extraneous cognitive load by providing structure for
elaborated examples
San Bolkana and Alan K. Goodboyb
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Communication Studies, West Virginia University, Morgantown, WV, USA

ABSTRACT
This experiment examined learning differences between students
who read instructional examples that varied in the order that
information was presented. In an online lesson about advice
giving, 275 students were randomly assigned to a learning
condition where the order of instructional information moved
either from (a) concrete examples to abstract definitions or from
(b) abstract definitions to concrete examples. Data were analyzed
to examine differences in students’ test scores as a consequence
of their perceived extraneous cognitive burden. Results of a
mediation model revealed that, compared with students exposed
to concrete examples first, students who initially read an abstract
definition scored higher on a test of recall and application
because they experienced less of a cognitive burden impeding
their learning. Results from this experiment provide preliminary
evidence that the ordering of examples matters when attempting
to optimize student learning.
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When it comes to learning, instructors and students must both work hard to ensure that
students understand and retain course information for future use. To this point, propo-
nents of the cognitive theory of multimedia learning (CTML) suggest that three steps
are particularly important in the learning process (Mayer, 2009, 2014). Stemming from
work in educational psychology, scholars who support CTML argue that these steps
include selecting the appropriate material to pay attention to, organizing information
into meaningful mental models, and integrating these models into students’ current
base of knowledge. Essentially, CTML posits that learning is an active process whereby
students transform their learning material into usable mental schemas (Fiorella &
Mayer, 2016). Of course, instructors are essential to this process as well, and researchers
have found that there are a variety of things teachers can do to help students in this regard.
From the standpoint of communication in instruction, research suggests that instructor
clarity is particularly important for ensuring that students are not overwhelmed and there-
fore have the ability to think about and organize their lessons in a manner that leads to
cognitive learning (Bolkan, 2016; Bolkan & Goodboy, 2019).

© 2019 National Communication Association

CONTACT San Bolkan san.bolkan@csulb.edu Long Beach State University, 1250 Bellflower Boulevard – MS2009
AS-350, Long Beach, CA 90840-2009, USA

COMMUNICATION EDUCATION
2020, VOL. 69, NO. 3, 300–316
https://doi.org/10.1080/03634523.2019.1701196

http://crossmark.crossref.org/dialog/?doi=10.1080/03634523.2019.1701196&domain=pdf&date_stamp=2020-06-18
mailto:san.bolkan@csulb.edu
http://www.natcom.org/
http://www.tandfonline.com


For decades, researchers have demonstrated the importance of instructor clarity for
student success (Titsworth, Mazer, Goodboy, Bolkan, & Myers, 2015). That said, scholars
have found that instructors can enhance clarity through a variety of teaching behaviors
including communicating in a fluent manner, interacting with students to determine
their level of comprehension, removing superfluous information from course lessons,
and organizing information into specific, manageable content blocks (Bolkan, 2017a).
In particular, as a part of the fluency dimension of instructor clarity, instructors’ use of
concrete examples has been shown to help students learn their course lessons (Bolkan
& Goodboy, 2019). According to Bolkan and Goodboy (2019), instructors who provide
concrete examples help students learn their course material because this information
evokes mental imagery, “provides a context that contributes to meaning, and makes infor-
mation both easier to understand and more memorable” (p. 289). Pertaining to CTML,
Bolkan and Goodboy (2019) found that the provision of thorough and accurate examples
helped students organize learning material in a manner that led to higher scores on a test
of learning.

Although providing thorough and accurate concrete examples can make course lessons
clear and foster student learning, scholars argue that abstract information is just as impor-
tant for student growth (Ching & Wu, 2019; Fyfe & Nathan, 2019). This is because con-
crete information is often tied to the context of an explanation, and therefore the provision
of abstract information has the potential to help students transfer newly acquired lessons
to scenarios that exist outside the original learning environment (Ching & Wu, 2019).
Having said the above, researchers argue that there are several ways to present instruc-
tional information, and that the order of presentation might impact their effectiveness.
In particular, some researchers advocate for the presentation of information in manner
that reflects concreteness fading whereby concrete information precedes more abstract
representations of the same concepts (Fyfe, McNeil, & Borjas, 2015; Fyfe & Nathan,
2019; Goldstone & Son, 2005). Generally studied in the realm of math and science instruc-
tion, researchers argue that this order is important because concrete representations create
meaningful schemas that help students understand and transfer subsequent abstract ideas
to new contexts. As an illustration, using this order Goldstone and Son (2005) found that
students learned about the idea of competitive specialization better when exposed to an
example of ants foraging for food before learning the same concept using black dots
and green circles to represent the same referents. On the other hand, several researchers
might disagree and have argued that people exposed to information try to identify the
organization of the material as it is first represented by higher levels of data (e.g.,
Hyona & Lorch, 2004; Meyer, 1975). Generally studied in the context of text processing,
researchers argue that instructors have the ability to help their pupils learn when they
provide general or abstract material before providing more specific, detailed information.
For example, though not specifically studied from the perspective of information order,
Hyona and Lorch (2004) found that compared with a lesson that did not contain topic
headings, learning increased when students were exposed to a detailed lesson containing
these because they functioned as signaling devices which helped students process sub-
sequent information.

Previously, studies examining the order of instructional information have typically
focused on teaching mathematical/scientific concepts and physical or perceptual concre-
teness (e.g., Fyfe et al., 2015). However, researchers have not yet thoroughly studied how
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information order might impact students’ experiences when learning principles taught
with other types of concreteness including concreteness stemming from narrative rep-
resentations. To that end, we were interested in examining how the order of presentation
for learning material impacts students’ ability to learn theoretical ideas when taught with
both simple, abstract definitions and elaborated, concrete examples. Moreover, because
previous studies have yet to determine why the order of presented information matters
to student learning, we were also interested in studying a specific mechanism that
might help explain these results.

Importance of providing concrete and abstract information

As noted, when it comes to helping students learn their course lessons, several scholars
argue for the importance of providing concrete examples to assist in the explanation of
class topics (e.g., Bolkan, 2017a; Bolkan & Goodboy, 2019; Sadoski, 2001; Sadoski &
Paivo, 2013). Perhaps the reason that concrete examples help students learn is because
these represent physically, perceptually, or conceptually rich explanations that are
grounded in familiar, everyday experiences (Fyfe, McNeil, & Son, 2014; Fyfe & Nathan,
2019; Goldstone & Son, 2005). Bolkan and Goodboy (2019) support this position and
claim that instructors who provide concrete examples make their lessons clearer
because these stoke mental imagery and provide a context within which students can
place new information. As such, compared with abstract information, concrete infor-
mation is likely to be easier to understand, to be easier to remember, to be more engaging,
and to lend itself more easily to the creation of mental models (Bolkan & Goodboy, 2019;
Goldstone & Son, 2005; Sadoski, 2001). Regarding this last point, Goldstone and Son
(2005) stated that concrete representations have a “strong intuitive link between the
elements of the modeling world and the elements of the modeled world” (p. 98).
Because this is the case, examples are also important in education considering that stu-
dents often learn by using these to recognize and solve new problems through analogy
(Elio & Anderson, 1981; LeFevre & Dixon, 1986). Ultimately, the provision of concrete
examples is important because, as Schank (1999) claims, when learning material is pre-
sented to us “without a context, we cannot decide the validity of the rule we have
heard, nor do we know where to store it in our memories” (p. 90).

Although useful, concrete examples might not always benefit student learning,
especially when it comes to transferring learned principles to new situations. For instance,
Day, Motz, and Goldstone (2015) argued that examples have the potential to reduce
student learning to the extent that students have trouble decoupling them from their orig-
inal contexts. When this happens, students might not be able to make relevant connections
between old examples and new problems. Similarly, Fyfe et al. (2015) stated that,
“although concrete materials may facilitate initial understanding, learners often struggle
to apply that understanding beyond the instructed context” to new or dissimilar situations
(p. 105). In fact, one of the benefits of abstract representations is that they help students
focus away from surface features and toward general rules that can be applied in variable
environments (Fyfe et al., 2014). According to Fyfe and Nathan (2019), abstract (or ideal-
ized) representations help students transfer their knowledge to new circumstances because
these are coded as general rules without specific referents that can change from case to
case. Similarly, Goldstone and Son (2005) noted that abstract representations are not
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tied to the circumstances within which lessons are taught, are better able to distill lessons
to their essence, and, as a result, have the potential to “promote internal representations
that are not tied to a single domain” (Goldstone & Son, 2005, p. 99).

Considering the above, instructors might elect to combine concrete and abstract rep-
resentations when teaching to take advantage of their individual benefits while mitigating
their drawbacks (Fyfe et al., 2014). In particular, combining concrete examples with
abstract principles might help students understand how new ideas work in grounded scen-
arios while also promoting their ability to apply these ideas in novel contexts (e.g., Ching &
Wu, 2019; Fyfe et al., 2014, 2015; Fyfe & Nathan, 2019; Goldstone & Son, 2005). However,
an important question remains: does the order in which information is presented matter?
That is, in what order should instructors present concrete and abstract information? Is it
better to start with abstract definitions then move on to concrete representations, or do
students learn more when instructors first provide concrete representations that are fol-
lowed by abstract definitions?

Concrete to abstract

Several researchers have focused on the order of presentation regarding the provision of
concrete and abstract material to students. Recently, these researchers have concluded
that the best way to provide lessons to students is through a method of concreteness
fading (e.g., Fyfe et al., 2014; Fyfe & Nathan, 2019; Goldstone & Son, 2005). Concreteness
fading occurs when instructors introduce a principle through concrete means (i.e., infor-
mation explained with perceptual, physical, or narrative/conceptual richness), and then
successively decontextualize the principle by providing more abstract representations
(i.e., general rules without specific referents, taught free from context; Fyfe & Nathan,
2019; Goldstone & Son, 2005). Although concreteness fading occurs whenever concrete
examples precede abstract ideas, researchers argue that in its purest form students
should be taught in three steps that first introduce concrete, then representational, then
abstract lessons (Fyfe et al., 2014; Fyfe & Nathan, 2019). More specifically, this three-
step progression is argued to include lessons with enactive referents (i.e., information
that can be understood in the context of everyday experiences, such as through the pres-
entation of physical models), iconic referents (i.e., decontextualized representations, such
as graphic or pictorial models), and abstract/idealized referents (emblematic represen-
tations, such as symbolic depictions; Fyfe et al., 2014, 2015). To explain further, in the
enactive stage information is presented in a concrete scenario that is perceptually rich
and easily understood based on personal experience. In the iconic stage, extraneous per-
ceptual features are stripped away to introduce, and transition to, more general represen-
tations. In the symbolic stage, instructors present generalizable properties of an idea in
order to make course lessons generic and portable across contexts (Fyfe et al., 2014).
According to Fyfe and Nathan (2019), information presented in these steps should be
interpreted by students as similar versions of the same idea, only with diminishing context.

According to proponents of concreteness fading, this method of teaching students
should prove superior to other patterns of instruction including providing only concrete
or abstract information, and providing abstract before concrete information. This is
because concreteness fading helps students interpret abstract ideas in terms of well-under-
stood experiences (Fyfe et al., 2014). Similarly, Goldstone and Son (2005) posit that
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providing concrete examples before abstract information allows students to build a
scaffold of information that moves from real-world examples to general conclusions
that can be applied to new scenarios. As Fyfe et al. (2015) claim, concreteness fading
can help students activate real-world knowledge and construct personal schemas related
to new concepts before moving on to lessons that ask them to apply this information to
new situations.

A possible explanation for benefits of concreteness fading stems from the reduction of
students’ extraneous cognitive burden (or cognitive load). This might be the case because
the way information is structured can influence the way it is processed through the
demands it places on people’s cognitive capacity (Britton, Glynn, Meyer, & Penland,
1982). For example, scholars who study cognitive load contend that, through pretraining,
students have the opportunity to learn more efficiently when they develop a baseline of
knowledge before other key materials are presented (Sweller, Ayres, & Kalyuga, 2011).
Plass, Moreno, and Brunken (2010) support this conclusion and note that students who
are given relevant knowledge before more complex lessons are more likely to understand
and learn the material they are exposed to. Similarly, by providing concrete lessons first, it
could be argued that instructors give students the opportunity to build schemas regarding
their course lessons that help reduce the amount of unnecessary information processing
they experience when attempting to learn subsequent material. Put differently, because
concrete information is grounded in students’ base of knowledge, presenting this infor-
mation first may help students create mental models that facilitate understanding and
reduce the extraneous cognitive burden they experience when subsequently processing
more abstract material.

Abstract to concrete

Typically, studies that examine concreteness fading have done so using perceptual concre-
teness (e.g., a picture of a frog versus a line drawing of a frog), and have not characteristi-
cally manipulated narrative concreteness (e.g., contextualized examples versus providing
only general information). Thus, when teaching students theoretical concepts using
examples with narrative concreteness we might argue that starting with general, abstract
definitions before moving to concrete, elaborated information represents the superior
ordering. This is because abstract descriptions of a topic may operate as signaling
devices and function like previews or headings that prepare students for explanations
that follow. If this is true, then teachers would be wise to first provide general or abstract
descriptions of their lessons and elaborate on the content later, not the other way around.

Ordering information from abstract to concrete may be critical insofar as researchers
have found that signals help distinguish information which is important from that
which is not, and help organize information for the people who are exposed to it
(Lorch, 1989). To this point, Lorch, Lorch, Ritchey, McGovern, and Coleman (2001)
found that topics represented in a text were more likely to be included in students’ sum-
maries if they were signaled with headings compared with when they were not. Moreover,
when signals are present, researchers have found that people tend to encode information
as it relates to various topics and subtopics as opposed to trying to remember information
as a list of temporally ordered ideas (Sanchez, Lorch, & Lorch, 2001). Thus, providing
signals does not simply make some information more salient, but it also helps people
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think of their lessons in a more structured, hierarchical manner (Loman & Mayer, 1983;
Sanchez et al., 2001). Researchers in the field of communication in instruction would
agree. When signals are present in learning material, students tend to organize infor-
mation in a logical and coherent manner which makes it easier to recall (Bolkan, 2017b).

Similar to the explanation provided previously, the reason that ordering information
from abstract to concrete might benefit learning could stem from a reduction in the
extraneous cognitive burden students experience when exposed to information pre-
sented in this order. Findings from research in the arena of temporal contiguity may
shed some light on how this occurs. In particular, researchers who study temporal con-
tiguity have found that when two pieces of instructional material (typically verbal and
visual) are presented sequentially, they are more difficult to learn than when they are
presented simultaneously (for a summary see Plass et al., 2010; Sweller et al., 2011).
This is because students must hold the first component of information in working
memory until the second component is delivered. Conversely, when information is pre-
sented simultaneously, students can link together both aspects of instruction thus redu-
cing their extraneous cognitive burden and increasing their ability to form mental
representations of the material. In a similar fashion, when students are given elaborated
examples before abstract definitions, we might expect them to have difficulty linking
the two due to issues associated with an increased cognitive burden. Specifically,
when presented with examples before abstract definitions, students might have
difficulty holding the latter in working memory until they can link these to the
former. If this is the case, students exposed to elaborations before definitions might
have a harder time learning concepts than students exposed to definitions first and
examples second.

Research question

As we have been arguing, there is evidence to support the notion that the order of pres-
entation for instructional information matters when teaching students. That said, Fyfe
et al. (2014) have noted that students can be taught with a variety of different types of con-
creteness, and that these might lead to different outcomes. Some forms of concreteness
include the typically manipulated perceptual or physical concreteness (e.g., teaching
math using toy cubes versus Arabic numerals), and the not typically manipulated narrative
concreteness (e.g., contextualized examples versus providing only key information). In this
study we investigated the latter to determine how the order of information might affect
student learning. In particular, we were curious to test how differences in the presentation
order of simple, abstract definitions and elaborated, concrete examples would influence
student learning. We were also interested in the mechanism by which this result would
manifest. As we stated in the literature review, the order in which material is presented
might influence learning through the impact it has on students’ experiences of extraneous
cognitive burden. Extraneous cognitive burden is defined as the effort required by students
to process poorly designed instructional material and can be detrimental to students’
ability to engage in essential information processing (Sweller, van Merrienboer, & Paas,
1998). Because this is the case, decreasing this burden for students may increase their
ability to learn an instructional lesson. We created the following research question to
guide our inquiry (see Figure 1):
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RQ: Will the order of information presented to students (i.e., abstract to concrete or concrete
to abstract) lead to reduced experiences of extraneous cognitive burden and, subsequently,
higher scores on a test of learning (after controlling for students’ familiarity with the material
and their grade point averages [GPAs])?

Methodology

Participants and procedures

After receiving approval from the institutional review board, participants were recruited
to take part in this study from upper and lower communication courses at a university on
the East Coast. Students who agreed to participate (N = 275) were 96 men and 179
women with ages ranging from 18 to 37 years old (M = 20.4, SD = 2.4). Seventy-eight par-
ticipants (28%) were in their first year, 85 students (31%) were in their second year, 51
students (19%) were in their third year, 44 students (16%) were in their fourth year, and
16 students (6%) were in their fifth year of university study or beyond (one unreported).
Individuals who decided to participate in this study were given a link to an online survey
where told that they would read a short lesson on advice giving and then take a brief test
of their learning. The material was based on the principles of self-efficacy and response
efficacy taken from lessons on protection motivation theory (Rogers, 1983). Participants
were randomly assigned to one of two experimental conditions. Regardless of the con-
dition, all participants read identical information consisting of 566 words spread across
three pages (one page for each step of the lesson, see below) that they moved through
at their own pace.

In this study, the concepts of self-efficacy and response efficacy were sequenced in three
steps as recommended by Fyfe et al. (2014, 2015) and Fyfe and Nathan (2019). Specifically,
these steps included abstract definitions, concrete examples, and material that allowed for
a transition between the abstract and concrete information. The conditions in this study
differed solely in the order of the information provided. The first condition (n = 152) con-
sisted of concrete examples first, transitional material second, and abstract definitions of
the concepts were presented third. In contrast, the second condition (n = 123) included the

Figure 1. Research question.
Familiarity and grade point average are covariates and were both modeled to account for their influence on working
memory overload and students’ test scores.
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provision of abstract definitions before the transitional material, and concrete examples of
the two concepts were presented last (see the Appendix for stimulus materials).

Participants first read the information from one of the two experimental conditions
then responded to measures of their familiarity with the material and their extraneous cog-
nitive burden. Next, students were exposed to a brief distraction task including seven logic
questions that were not associated with the learning material. The distraction task was pre-
sented to students so they did not respond to the test questions immediately after exposure
(Bolkan, Griffin, & Goodboy, 2018). After students completed this distraction task, they
took a five-question multiple-choice test on the material.

Instrumentation

We measured students’ experiences of extraneous cognitive burden using items from the
working memory overload dimension of the clarity indicators scale (Bolkan, 2017a). This
scale contains four items and was adapted to reflect a single lesson as opposed to a general
course. Items in this measure included “There was so much to learn during this lesson that
I had a hard time keeping up,” and “This lesson made me feel anxious because of the
amount of information I was asked to learn all at once.” Response options for this scale
responses ranged from (1) strongly disagree to (7) strongly agree (M = 2.38, SD = 1.33,
ω = .94, 95% CI: .93, .96). We determined reliability using robust maximum likelihood
in Mplus 8.0 by calculating composite reliability as coefficient omega and generating
95% confidence intervals using 10,000 bias-corrected bootstrapped samples. Coefficient
omega is preferred over coefficient (Cronbach’s) alpha because it does not have the restric-
tive assumptions of alpha and, in most cases, is a better estimate of reliability for multi-
item unidimensional scales (see Trizano-Hermosilla & Alvarado, 2016 for the limitations
of alpha and evidence favoring omega).

Researchers have argued that students’ level of familiarity with the learning material
may influence the ability for concreteness fading to benefit their learning (Fyfe et al.,
2014). Thus, to control for its influence on students’ test scores, familiarity with the
lesson material was measured using three items from Bolkan, Goodboy, and Kelsey
(2016). Items in this measure include “How familiar were you with this topic before
today?” “How much did you already know about the subject being discussed?” and “To
what extent had you been exposed to the material in this lesson in the past?” Response
options ranged from (1) not at all to (7) very much (M = 4.24, SD = 1.68, ω = .94, 95%
CI: .93, .96).

Research has demonstrated that students’ GPAs can influence their test results in
studies of instructional interventions (e.g., Bolkan, 2019; Bolkan & Goodboy, 2019).
Thus, we asked students to report their GPAs to control for the influence of this variable
on their learning. Students’ self-reported GPAs ranged from 1.50 to 4.00 (M = 3.17,
SD = .50).

Finally, learning in this study was operationalized as students’ ability to recall, retain,
and apply information from the lesson provided (Anderson & Krathwohl, 2001). In
particular, to assess their ability to learn the lesson, students took a five-item multiple-
choice test of the material with four response options for each question. Generally,
these items asked students to recall information from the lesson to and to apply this infor-
mation to new, hypothetical scenarios. Correct answers were scored as 1, and incorrect
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answers were scored as 0. Responses were combined to give students an overall test score.
Students’ test scores were converted to a percentage for ease of interpretation (KR-20 = .51,
M = 60.40, SD = 27.10). See Table 1 for correlations between variables.

Results

To test our research question, we examined a simple mediation model to determine
whether our experimental manipulation (indicator coded) created differences in
working memory overload, and caused differences in students’ test scores all while con-
trolling for students’ familiarity with the material and GPAs. We used PROCESS 3.0 to
conduct ordinary least squares path analysis (Hayes, 2018). Results from the mediation
analysis indicated that, compared with providing concrete examples before abstract
definitions, providing abstract definitions before concrete examples influenced students’
test scores because of the reduced burden placed on students’ working memories. Specifi-
cally, as shown in Table 2 (displaying unstandardized path coefficients), compared with
providing examples first, providing definitions first reduced students’ working memory
overload (condition → working memory overload =−.35, CI: −.66, −.03). In addition,
perceptions of working memory overload were negatively associated with students’ test
scores (working memory overload → test =−8.84, CI: −11.03, −6.64). The percentile
bootstrapped confidence interval (5000 bootstrap samples) for the indirect effect (con-
dition → working memory overload → test: 3.06) of providing abstract definitions
before concrete examples compared with providing concrete examples before abstract
definitions was entirely above zero (CI: .25, 6.08; partially standardized indirect
effect = .11, CI: .01, .23). There was no evidence that the experimental manipulation
influenced test scores directly (condition → test: −.66, CI: −6.47, 5.16). Thus, these
results indicated that, compared with students exposed to concrete examples before
abstract definitions, students who were exposed to abstract definitions before concrete
examples scored approximately 3% higher on their tests because they experienced less
of a burden on their working memories.

Discussion

As instructors, we are in the position to help our students learn through the communi-
cation tactics we employ in our classrooms. According to CTML, we do this by assisting
our students in selecting the appropriate material to pay attention to, organizing class
lessons into coherent mental models, and integrating course information into their

Table 1. Correlation coefficients.
Variable 1 2 3 4

1. Condition
2. Working memory overload −.13*
3. Test .04 −.45**
4. Familiarity −.01 −.08 .09
5. Grade point average −.01 −.12* .16** −.02
**p < .01, *p < .05 (two-tailed).
Note. Condition is indicator coded as 0 for the experimental condition of examples before definitions and 1 for the exper-
imental condition of definitions before examples. Thus, correlations in column 1 are point biserial correlations.
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existing base of knowledge (Mayer, 2009, 2014). Although there are a variety of behaviors
we might employ to help students engage in these activities, communicating course lessons
with the help of concrete examples may be particularly effective insofar as providing these
can help students position newly acquired information in meaningful contexts that
promote both understanding and retention (Bolkan, 2017a; Goldstone & Son, 2005;
Schank, 1999). Although concrete examples can help students make sense out of their
course material, providing abstract information is also important for student learning.
This is because the provision of abstract information has the potential to help students
transfer newly learned information to novel scenarios (Ching & Wu, 2019). That said,
it makes sense that instructors would want to present both concrete and abstract infor-
mation to their students. Crucially, when presenting both types of information, we
argued that the order of this material has the potential to influence how students
process course information. In particular, similar to what Mautone and Mayer (2001)
argued, we claimed that the order of presentation matters because a central issue for tea-
chers to consider when presenting examples in class involves how to help students
“organize the material in order to ease demands on working memory and ultimately facili-
tate meaningful understanding” (p. 377).

Results from our data analyses indicated that students benefited when instructional
material provided in a written format was presented in a manner that moved from abstract
to concrete representations. Specifically, we found that compared with being presented
with concrete narrative examples first, students learned more when abstract descriptions
of instructional concepts preceded more concrete representations of the same ideas.
Importantly, we found that this result occurred because students experienced less of an
extraneous cognitive burden. Putting it all together, our results indicate that in the case

Table 2. Ordinary least-squares path model coefficients: mediation model.
Models Coefficient SE t p LLCI ULCI

Working memory overload
F(3, 271) = 3.49, p < .05, R2 = .04
Constant 3.83 .56 6.89 <.01 2.74 4.93
Condition −.35 .16 −2.17 <.05 −.66 −.03
Familiarity −.06 .05 −1.34 .18 −.16 .03
Grade point average −.32 .16 −2.05 <.05 −.64 −.01

Test score (%)
F(4, 270) = 18.80, p < .01, R2 = .22
Constant 58.83 11.07 5.31 <.01 37.04 80.63
Condition −.66 2.95 −.22 .82 −6.47 5.16
Working memory overload −8.84 1.12 −7.92 <.01 −11.03 −6.64
Familiarity .87 .87 1.00 .32 −.84 2.59
Grade point average 6.04 2.93 2.06 <.05 .26 11.81

Mediation Bootstrapped CI
(Condition → working memory overload → test) Bootstrapped SE LLCI ULCI
Indirect effect 3.06 1.47 .25 6.08
Partially standardized indirect effect .11 .05 .01 .23

Note. Condition is indicator coded as 0 for the experimental condition of examples before definitions and 1 for the exper-
imental condition of definitions before examples. Path coefficients are unstandardized, and the indirect effect represents
a change in students’ test scores (out of 100%) from the condition through the change in working memory overload. The
partially standardized indirect effect displays the standard deviation change in students’ test scores as a function of the
indirect effect (through working memory overload) of providing definitions before examples (versus examples before
definitions). Bootstrapped CIs that do not include zero reflect indirect effects. CI, confidence interval; LLCI, lower-level
confidence interval; SE, standard error; ULCI, upper-level confidence interval.
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of teaching theoretical concepts with narrative concreteness, the presentation of abstract
definitions has the potential to act as an organizational cue that helps students process
more detailed concrete explanations that follow. By providing general definitions up
front, we maintain that students were able to create schemas that allowed them to more
easily comprehend and categorize the concrete examples that followed (Meyer, 1975).
Other researchers support this rationale. For example, Kourilsky and Wittrock (1987)
reasoned that students need to anchor their knowledge to some type of referent because
when learning without reference to anchored information it becomes harder to remember.

On the other hand, when presented with concrete examples before abstract ideas, we
contend that students likely experienced a higher extraneous cognitive burden to the
extent that they had to keep information in their minds as they searched for a place to
categorize it. Evidence supporting the conclusion above stems from the fact that, although
students were exposed to the same information, individuals who read concrete examples
before abstract definitions perceived their experience to be one with a higher strain on
their working memories. More specifically, students who read the concrete examples
before abstract information were more likely to agree with statements such as “the
amount of information presented in this lesson was overwhelming” and “this lesson
made me feel anxious because of the amount of information I was asked to learn all at
once.” Importantly, this was true even after controlling for potential confounding
factors such as students’ familiarity with the topic and their GPAs.

Results from this study corroborate the argument made by scholars who claim that the
way information is organized has the potential to influence how it is received (Bolkan,
2017b; Meyer, 1975). Ultimately, in the case of narrative concreteness, the way infor-
mation is organized for students could matter because, as Meyer (1975) argued, when
learning, people try to identify how material is organized as it is represented by higher
levels of information or topics. Therefore, providing abstract definitions before concrete
examples might benefit student comprehension insofar as it helps them efficiently
organize instructional information as they attempt to use a top-down approach when
studying their lessons. In other words, compared with the opposite, providing general,
abstract definitions before concrete narrative examples may helps students because this
order corresponds with their natural tendency to look for organizing principles before
they move on to study more detailed information.

It is worth noting that results from this investigation contradict findings from previous
researchers (e.g., Ching &Wu, 2019; Fyfe et al., 2015; Goldstone & Son, 2005). One expla-
nation for these disparate outcomes stems from the nature of the concreteness being com-
municated. As Fyfe et al. (2014) state, instructors can teach students with different types of
concreteness, and these might lead to different outcomes. In the current study, we exam-
ined narrative concreteness whereas previous studies have focused on physical/perceptual
concreteness. This distinction is important because whereas physical and perceptual con-
creteness represent another/different way to explain abstract principles, narrative concre-
teness represents an elaboration on more general, abstract information. Thus, instead of
providing a tangible referent upon which students can anchor abstract principles, narra-
tive concreteness may need to be introduced by a higher-order abstract principle in order
for students to efficiently process the lessons contained therein.

Relatedly, the material taught to students might matter as well. For example, most of the
studies that found support for concreteness fading did so using material linked to
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mathematical concepts (e.g., Ching & Wu, 2019; Fyfe et al., 2015; McNeil & Fyfe, 2012).
Thus, perhaps concreteness fading worked in those scenarios because abstract represen-
tations of material for this subject often have little meaning outside of their symbolic rep-
resentations. For instance, teaching students about the concept of “two” might necessitate
that the number is linked to a more concrete iconic stage of learning (e.g., two lines) and
also an enactive stage (e.g., two apples; e.g., Fyfe et al., 2015) to make sense. Without these
steps, the number “2” that students learn and attempt to use is arbitrary, and might rep-
resent any referent. Therefore, concreteness fading may benefit student learning in this
context because, in the case of mathematics, abstract information might be learned best
when it is first taught with tangible, concrete information presented in the initial examples
(see Sadoski & Paivo, 2013). The same might not be true for the abstract concepts students
learned in the current study. Although the abstract definitions provided in this investi-
gation were abstract in the sense that they were presented as general rules without
specific referents or contexts, they could still be understood as stand-alone ideas. Thus,
when ordered from abstract to concrete, the concrete examples that followed might
have helped to explain the definitions in more detail, but they were likely not necessary
for students’ comprehension. As such, presenting simple ideas first might have allowed
students to create a conceptual structure within which they were able to organize sub-
sequent perceptual details.

Either way, we argue that the reason concreteness fading works in some instances and
not in others stems from the notion that the superior order for presenting information
occurs when initial material serves as an organizing unit that reduces the extraneous cog-
nitive burden students experience when processing subsequent information. In the cases
where successful concreteness fading has occurred, instantiations of an unfamiliar lesson
likely helped students contextualize and make sense out of the abstract information that
followed. On the other hand, as our results showed, if abstract information can be under-
stood on its own, then presenting this information first might help create an organizing
schema that allows students to process subsequent concrete details more efficiently.

Implications for teaching and learning

In this study, we showed that the order for presenting information matters when students
read instructional material. Thus, readers may want to be cautious about transferring this
conclusion to instances of oral communication until research demonstrates similar
findings when presenting learning material in different modalities. However, having
said that, there are several practical applications that instructors might consider adopting
based on our results. First, instructors might be wise to consider the order in which they
present learning material to their students. In this investigation, we showed that when pre-
sented with identical information, the order in which it was presented impacted students’
perceptions of their cognitive burden. Thus, when presenting information along with elab-
orations, examples, or explanations of this information, evidence points to the conclusion
that instructors might consider introducing students to concepts using general/abstract
definitions before they move on the concrete applications of the same material. We
argue that using this order for presenting information to students is important because
the provision of abstract definitions gives students the equivalent of a header, or topic sen-
tence, that helps them organize incoming information in a manner that aids in their
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comprehension and recollection. Of course, if structuring information matters to student
learning, there might be a variety of alternative ways to help students achieve this goal. In
this study, we examined how the order of information matters, but there are other instruc-
tional strategies that also merit exploration and consideration. For example, constructing
instructional material to include visual structure, headings, and enumeration has been
shown to help students meaningfully organize their class lessons, which has led to
increases in their learning (Bolkan, 2017b).

Second, results from our mediation analysis made it clear that ordering information
from abstract definitions to specific examples benefited students because it helped
reduce their experiences of extraneous cognitive burden. Specifically, students scored
almost a whole letter grade lower for every point they reported facing a higher working
memory overload. Because this is the case, it is crucial we note that instructors can help
their students learn by reducing their extraneous cognitive burden using other instruc-
tional techniques as well (see, for example, Bolkan, 2017c; Mayer, 2009, 2014; Plass
et al., 2010; Sweller et al., 2011). In particular, some of these techniques include removing
unnecessary information from course lessons (i.e., coherence), drawing students’ attention
to important information (i.e., signaling), teaching complex lessons in small content
blocks (i.e., segmenting), and keeping elaborated information close to that which it elab-
orates (i.e., temporal/spatial contiguity). As scholars have noted, reducing students’
extraneous cognitive load should help facilitate their learning insofar as reducing this
burden frees cognitive resources and allows students to engage in meaningful learning
activities (Plass et al., 2010; Sweller et al., 2011).

Limitations and future directions

As with all studies, this one has its limitations. First, one important limitation of this study
includes the nature of the material presented to students. In the current investigation, stu-
dents were exposed to written information, and the nature of instruction may have there-
fore changed the way that students processed the learning material. In most classroom
lessons, students listen to instructors give a lecture or interact with instructors during
learning activities. Thus, the order of presentation for material in those scenarios may
differentially impact students’ ability to learn their course material. Moving forward,
researchers may consider testing how the mode of instructional presentation (e.g., oral,
multimedia, etc.) might change the nature of the results we found in this study.

Furthermore, the results of this study are limited to the extent that our sample reflects
outcomes for college-aged students that participated in our study. Though there are excep-
tions (e.g., Goldstone & Son, 2005), investigations of concreteness fading often study the
effects on learners from a much younger demographic, including kindergartners (e.g.,
Ching & Wu, 2019) and elementary school-aged children (e.g., Fyfe et al., 2015).
Because student samples might differ in the strategies they use for organizing instructional
information, researchers might find that the order in which they present instructional
information impacts novice learners differently than it does more skilled learners. In
fact, several scholars argue that this might indeed be the case (e.g., Ching & Wu, 2019;
Fyfe et al., 2014). Relatedly, as it pertains to students who have more sophisticated learning
strategies, researchers might find that providing structure by leading with abstract infor-
mation is less important to student learning than is piquing students’ interest through the
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curiosity (for a review, see Markey & Loewenstein, 2014) that starting with concrete
examples might provide.

Moreover, despite promising findings from this study, researchers should continue to
investigate how the order of information changes students’ experience of extraneous cog-
nitive burden. There are myriad avenues for potential investigation including testing
boundary conditions through moderation analyses and examining the potential for
serial mediation effects (Goodboy, 2017). Pertaining to the first idea, it could be the
case that specific student characteristics such as personal interest or self-discipline
impact the nature of the relationships between the variables examined in this study.
Regarding the second idea, researchers might find that when their lessons overload stu-
dents’ working memories, this outcome subsequently impacts student learning through
its effect on students’motivation or their ability to organize and make sense out of instruc-
tional content.

Finally, to the best of our knowledge, this study is the first to attempt to understand how
(through the process of mediation) the order of abstract and concrete information might
help students learn. That said, as Fyfe et al. (2014) argue, researchers might benefit from a
more thorough understanding of how concreteness fading works and the mechanisms by
which it might benefit student learning. As we argued here, it could be the case that specific
types of concreteness, or even differing subjects, operate differently when information is
ordered from concrete to abstract. Although this might prove to be true, it does not
mean that the reasons for the differing outcomes are necessarily different. Moving into
the future, researchers might study how students’ experiences of extraneous cognitive
burden change as a function of concreteness fading when the type of concreteness
changes or the topics for instruction change.

Conclusion

Results from this study provide evidence that instructors would be wise to consider the
order in which they present information when sharing examples with their pupils. In
this investigation, we showed that presenting students with abstract definitions before con-
crete examples helped reduce their extraneous cognitive burden and thus increased their
ability to learn a written instructional lesson. That said, we argued that perhaps the reason
we found these outcomes was because the abstract definitions in our study acted as a guide
for understanding information that followed. The general idea presented here is that when
providing course material to students, teachers who help their students structure and
organize incoming information may help them better understand and retain their
lessons by reducing their extraneous cognitive burden and increasing their capacity to
engage in meaningful learning activities.
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Appendix: Experimental Stimulus

“Advice and Problem Solving”

A. Abstract Definitions
When it comes to making sure that people follow your advice (instead of ignoring you), there are
two ideas to consider:

(1) Self-efficacy: The more a person believes that he or she can enact the plan, the more likely he or
she is to try to do what is being recommended to solve a problem.

(2) Response efficacy: The more a person believes that a plan will lead to desired outcomes, the
more likely he or she is to try to do what is being recommended to solve a problem.

B. Transitional Material
As just mentioned, when people are offered a solution to a problem, they can react either adaptively
by taking your advice or maladaptively by avoiding thinking about the problem and ignoring your
advice. Researchers who study behavior change generally argue that two variables known to
influence the direction this reaction include individuals’ perceptions of their self-efficacy and
their perceptions of the response efficacy. Self-efficacy refers to a person’s belief that he or she
can engage in the behaviors necessary to solve a problem, and response efficacy refers to the per-
ceived effectiveness of a behavior for solving a problem. Essentially, when you provide someone
with a solution to a problem, the more a person believes that he or she can engage in adaptive beha-
viors (i.e., self-efficacy) and the more he or she believes that adaptive behaviors will lead to desired
results (i.e., response efficacy), the more likely he or she will be to engage in these behaviors.

C. Concrete Examples
Let me give you an example to help teach you about effective advice: take smoking for instance.
Most people know that smoking is bad and causes all sorts of health problems. That said, we
might want to help people stop smoking, and to do this we might create a billboard to be placed
on the freeway. Imagine a billboard with an advertisement on it suggesting that all a person has
to do to stop smoking is adopt a 3-year sobriety program that requires 4 hours of meditation a
day, every day, without missing any sessions. Do you think smokers who saw this sign would try
to stop smoking by using this advice? Probably not. And, why not? Although this plan might
work to stop a person from smoking, it asks way too much of a person, and ultimately it is too
hard to do. Thus, if a person does not believe that he or she can personally do what is being rec-
ommended to solve a problem, that person is not likely to engage in the recommended behavior:
this is the idea of self-efficacy.

Okay, so what if, instead of the 3-year sobriety program, the billboard mentioned that to avoid
the health problems associated with smoking, people can simply think positive thoughts about
health while smoking cigarettes—this is because doing so will offset the negative effects of the tar
and nicotine. Is this plan any better? Based on what the billboard says now, do you think people
would do what is being recommended? My guess is that they would not. And why not? Because,
although people can do what the billboard is recommending, they know that thinking positive
thoughts about smoking is not going to stop the smoke from being harmful. If you do not think
that a plan will solve a problem, you are not likely to try it: this is the idea of response efficacy.

Note. The order above reflects the experimental condition where abstract definitions preceded con-
crete examples. Sections A and C were switched in the condition where concrete examples preceded
abstract definitions. Headings (A, B, and C) are provided here for ease of interpretation and were
not given to students.
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